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APPENDIX A

MINERAL INITIAL VOLUME FRACTIONS

INTENTIONALLY LEFT BLANK

Table A-1.
Mineral Initial Volume Fractions (1)

	Zone
	Type
	Hydro Unit
	calcite
	beidel-ca
	beidel-mg
	beidel-na
	illite
	tridymite
	cristoba-a
	opal_CT
	quartz

	1
	matrix
	Tcw11
	0.00371
	0.00538
	0.00269
	0.00090
	0.00104
	0.05168
	0.15587
	0.12772
	0.00797

	2
	matrix
	Tcw12
	0.00371
	0.00538
	0.00269
	0.00090
	0.00104
	0.05168
	0.15587
	0.12772
	0.00797

	3
	matrix
	Tcw13
	0.01952
	0.05881
	0.02940
	0.00987
	0.01140
	0.00000
	0.07258
	0.05947
	0.00060

	4
	matrix
	Ptn21
	0.00000
	0.10560
	0.05280
	0.01773
	0.02048
	0.00000
	0.00000
	0.00000
	0.00088

	5
	matrix
	Ptn22
	0.00000
	0.09311
	0.04656
	0.01563
	0.01806
	0.00000
	0.00000
	0.03753
	0.01497

	6
	matrix
	Ptn23
	0.00000
	0.02629
	0.01315
	0.00441
	0.00510
	0.00000
	0.00000
	0.10775
	0.00084

	7
	matrix
	Ptn24
	0.00000
	0.02232
	0.01116
	0.00375
	0.00433
	0.00000
	0.00000
	0.05489
	0.00887

	8
	matrix
	Ptn25
	0.00000
	0.01469
	0.00734
	0.00247
	0.00285
	0.00000
	0.00296
	0.01944
	0.00891

	9
	matrix
	Ptn26
	0.00652
	0.05319
	0.02660
	0.00893
	0.01031
	0.00000
	0.00782
	0.00000
	0.01335

	10
	matrix
	Tsw31
	0.01414
	0.00221
	0.00110
	0.00037
	0.00043
	0.00084
	0.02009
	0.00000
	0.00096

	11
	matrix
	Tsw32
	0.00488
	0.00587
	0.00294
	0.00099
	0.00114
	0.12772
	0.14060
	0.00000
	0.01490

	12
	matrix
	Tsw33
	0.00378
	0.01243
	0.00621
	0.00209
	0.00241
	0.06769
	0.23385
	0.00000
	0.06632

	13
	matrix
	Tsw34
	0.00051
	0.01023
	0.00511
	0.00172
	0.00198
	0.02696
	0.20270
	0.00000
	0.13087

	14
	matrix
	Tsw35
	0.00065
	0.01258
	0.00629
	0.00211
	0.00244
	0.02388
	0.16081
	0.00000
	0.19437

	15
	matrix
	Tsw36
	0.00007
	0.00574
	0.00287
	0.00096
	0.00111
	0.01014
	0.14254
	0.00000
	0.20908

	16
	matrix
	Tsw37
	0.00007
	0.00575
	0.00288
	0.00097
	0.00112
	0.01016
	0.14275
	0.00000
	0.20939

	17
	matrix
	Tsw38
	0.00021
	0.05740
	0.02870
	0.00964
	0.01113
	0.00000
	0.04283
	0.10686
	0.01935

	18
	matrix
	Tsw39
	0.00020
	0.01414
	0.00707
	0.00237
	0.00274
	0.00000
	0.11014
	0.00000
	0.02817

	19
	matrix
	Ch1
	0.00128
	0.00245
	0.00122
	0.00041
	0.00047
	0.00181
	0.05152
	0.00000
	0.03267

	20
	matrix
	Ch2
	0.00000
	0.00343
	0.00172
	0.00058
	0.00067
	0.00054
	0.00000
	0.06365
	0.06786

	21
	matrix
	Ch3
	0.00000
	0.00727
	0.00363
	0.00122
	0.00141
	0.00000
	0.00000
	0.05985
	0.04264

	22
	matrix
	Ch4
	0.00003
	0.00584
	0.00292
	0.00098
	0.00113
	0.00000
	0.00000
	0.17597
	0.04445

	23
	matrix
	Ch5
	0.00004
	0.00388
	0.00194
	0.00065
	0.00075
	0.00000
	0.00000
	0.14398
	0.07022

	24
	matrix
	Ch6
	0.00099
	0.02538
	0.01269
	0.00426
	0.00492
	0.00002
	0.00000
	0.05779
	0.17606

	25
	matrix
	Pp4
	0.00058
	0.01755
	0.00878
	0.00295
	0.00340
	0.00206
	0.00000
	0.14039
	0.07557

	26
	matrix
	Pp3
	0.00054
	0.01087
	0.00543
	0.00182
	0.00211
	0.01202
	0.08415
	0.00000
	0.24972

	27
	matrix
	pp2
	0.00054
	0.01092
	0.00546
	0.00183
	0.00212
	0.01208
	0.08456
	0.00000
	0.25094

	28
	matrix
	pp1
	0.00000
	0.02243
	0.01122
	0.00377
	0.00435
	0.00064
	0.09595
	0.00000
	0.07826

	29
	matrix
	bf3
	0.00160
	0.01036
	0.00518
	0.00174
	0.00201
	0.00230
	0.05318
	0.00000
	0.27980

	30
	matrix
	bf2
	0.00272
	0.04253
	0.02127
	0.00714
	0.00825
	0.00000
	0.02100
	0.00000
	0.18273

	31
	fracture
	Tcw11
	0.02341
	0.03180
	0.01590
	0.00534
	0.00617
	0.04754
	0.14340
	0.12750
	0.00733


Table A-1.  Mineral Initial Volume Fractions (1) (Continued)

	Zone
	Type
	Hydro Unit
	calcite
	beidel-ca
	beidel-mg
	beidel-na
	illite
	tridymite
	cristoba-a
	opal_CT
	quartz

	32
	fracture
	Tcw12
	0.02341
	0.03180
	0.01590
	0.00534
	0.00617
	0.04754
	0.14340
	0.12750
	0.00733

	33
	fracture
	Tcw13
	0.03796
	0.08096
	0.04048
	0.01359
	0.01570
	0.00000
	0.06677
	0.06471
	0.00055

	34
	fracture
	Ptn21
	0.02000
	0.12401
	0.06201
	0.02082
	0.02405
	0.00000
	0.00000
	0.01000
	0.00081

	35
	fracture
	Ptn22
	0.02000
	0.11252
	0.05626
	0.01889
	0.02182
	0.00000
	0.00000
	0.04453
	0.01378

	36
	fracture
	Ptn23
	0.02000
	0.05105
	0.02552
	0.00857
	0.00990
	0.00000
	0.00000
	0.10913
	0.00078

	37
	fracture
	Ptn24
	0.02000
	0.04739
	0.02370
	0.00796
	0.00919
	0.00000
	0.00000
	0.06049
	0.00816

	38
	fracture
	Ptn25
	0.02000
	0.04037
	0.02018
	0.00678
	0.00783
	0.00000
	0.00272
	0.02789
	0.00820

	39
	fracture
	Ptn26
	0.02600
	0.07579
	0.03790
	0.01272
	0.01470
	0.00000
	0.00720
	0.01000
	0.01228

	40
	fracture
	Tsw31
	0.03300
	0.02889
	0.01444
	0.00485
	0.00560
	0.00077
	0.01849
	0.01000
	0.00089

	41
	fracture
	Tsw32
	0.02290
	0.03035
	0.01517
	0.00509
	0.00589
	0.07598
	0.08364
	0.01000
	0.00887

	42
	fracture
	Tsw33
	0.02225
	0.03425
	0.01712
	0.00575
	0.00664
	0.04027
	0.13911
	0.01000
	0.03945

	43
	fracture
	Tsw34
	0.02030
	0.03294
	0.01647
	0.00553
	0.00639
	0.01604
	0.12059
	0.01000
	0.07786

	44
	fracture
	Tsw35
	0.02038
	0.03434
	0.01717
	0.00576
	0.00666
	0.01421
	0.09566
	0.01000
	0.11563

	45
	fracture
	Tsw36
	0.02004
	0.03027
	0.01514
	0.00508
	0.00587
	0.00604
	0.08480
	0.01000
	0.12438

	46
	fracture
	Tsw37
	0.02004
	0.03028
	0.01514
	0.00508
	0.00587
	0.00604
	0.08492
	0.01000
	0.12457

	47
	fracture
	Tsw38
	0.02019
	0.07967
	0.03983
	0.01337
	0.01545
	0.00000
	0.03941
	0.10831
	0.01781

	48
	fracture
	Tsw39
	0.02019
	0.03986
	0.01993
	0.00669
	0.00773
	0.00000
	0.10133
	0.01000
	0.02591

	49
	fracture
	Ch1
	0.02117
	0.02911
	0.01455
	0.00489
	0.00564
	0.00166
	0.04739
	0.01000
	0.03005

	50
	fracture
	Ch2
	0.02000
	0.03001
	0.01501
	0.00504
	0.00582
	0.00050
	0.00000
	0.06855
	0.06243

	51
	fracture
	Ch3
	0.02000
	0.03354
	0.01677
	0.00563
	0.00650
	0.00000
	0.00000
	0.06506
	0.03922

	52
	fracture
	Ch4
	0.02002
	0.03223
	0.01612
	0.00541
	0.00625
	0.00000
	0.00000
	0.17189
	0.04089

	53
	fracture
	Ch5
	0.02004
	0.03043
	0.01521
	0.00511
	0.00590
	0.00000
	0.00000
	0.14246
	0.06460

	54
	fracture
	Ch6
	0.02091
	0.05020
	0.02510
	0.00843
	0.00974
	0.00002
	0.00000
	0.06317
	0.16197

	55
	fracture
	Pp4
	0.02053
	0.04300
	0.02150
	0.00722
	0.00834
	0.00190
	0.00000
	0.13916
	0.06952

	56
	fracture
	Pp3
	0.02049
	0.03685
	0.01843
	0.00619
	0.00715
	0.01106
	0.07742
	0.01000
	0.22974

	57
	fracture
	pp2
	0.02050
	0.03690
	0.01845
	0.00619
	0.00716
	0.01111
	0.07779
	0.01000
	0.23087

	58
	fracture
	pp1
	0.02000
	0.04749
	0.02375
	0.00797
	0.00921
	0.00059
	0.08828
	0.01000
	0.07200

	59
	fracture
	bf3
	0.02147
	0.03639
	0.01819
	0.00611
	0.00706
	0.00212
	0.04893
	0.01000
	0.25742

	60
	fracture
	bf2
	0.02250
	0.06599
	0.03299
	0.01108
	0.01280
	0.00000
	0.01932
	0.01000
	0.16811

	Output DTN:  LB0707DSTHC006.003.


Table A-2.
Mineral Initial Volume Fractions (2)

	Zone
	Type
	Hydro Unit
	sanidi-ym
	plagio-ym
	glass-rhyol
	biotite-ox
	hematite
	fluorite
	stell-ym/10
	clinpt-ym/10
	mordenit/10

	1
	matrix
	Tcw11
	0.53981
	0.00863
	0.08959
	0.00345
	0.00000
	0.00000
	0.00000
	0.00156
	0.00000

	2
	matrix
	Tcw12
	0.53981
	0.00863
	0.08959
	0.00345
	0.00000
	0.00000
	0.00000
	0.00156
	0.00000

	3
	matrix
	Tcw13
	0.25509
	0.00896
	0.47428
	0.00000
	0.00000
	0.00000
	0.00000
	0.00000
	0.00000

	4
	matrix
	Ptn21
	0.05411
	0.00886
	0.73953
	0.00000
	0.00000
	0.00000
	0.00000
	0.00000
	0.00000

	5
	matrix
	Ptn22
	0.06596
	0.00884
	0.69894
	0.00025
	0.00015
	0.00000
	0.00000
	0.00000
	0.00000

	6
	matrix
	Ptn23
	0.01722
	0.00846
	0.81678
	0.00000
	0.00000
	0.00000
	0.00000
	0.00000
	0.00000

	7
	matrix
	Ptn24
	0.08769
	0.00862
	0.79102
	0.00735
	0.00000
	0.00000
	0.00000
	0.00000
	0.00000

	8
	matrix
	Ptn25
	0.15088
	0.00872
	0.77201
	0.00744
	0.00229
	0.00000
	0.00000
	0.00000
	0.00000

	9
	matrix
	Ptn26
	0.13173
	0.00893
	0.71306
	0.01733
	0.00223
	0.00000
	0.00000
	0.00000
	0.00000

	10
	matrix
	Tsw31
	0.18146
	0.00884
	0.75584
	0.00898
	0.00464
	0.00000
	0.00000
	0.00009
	0.00000

	11
	matrix
	Tsw32
	0.67410
	0.00977
	0.00080
	0.01037
	0.00445
	0.00000
	0.00000
	0.00149
	0.00000

	12
	matrix
	Tsw33
	0.58883
	0.00958
	0.00000
	0.00253
	0.00362
	0.00000
	0.00000
	0.00067
	0.00000

	13
	matrix
	Tsw34
	0.60634
	0.00971
	0.00000
	0.00340
	0.00036
	0.00000
	0.00000
	0.00010
	0.00000

	14
	matrix
	Tsw35
	0.58087
	0.00978
	0.00000
	0.00172
	0.00166
	0.00000
	0.00000
	0.00283
	0.00000

	15
	matrix
	Tsw36
	0.60549
	0.00978
	0.00000
	0.00311
	0.00196
	0.00000
	0.00000
	0.00714
	0.00000

	16
	matrix
	Tsw37
	0.60638
	0.00979
	0.00000
	0.00311
	0.00049
	0.00000
	0.00000
	0.00715
	0.00000

	17
	matrix
	Tsw38
	0.13709
	0.00869
	0.48318
	0.00191
	0.00000
	0.00000
	0.00000
	0.09299
	0.00000

	18
	matrix
	Tsw39
	0.17370
	0.00872
	0.61443
	0.00172
	0.00000
	0.00000
	0.00000
	0.03660
	0.00000

	19
	matrix
	Ch1
	0.16401
	0.00858
	0.70290
	0.00071
	0.00000
	0.00000
	0.00000
	0.03156
	0.00041

	20
	matrix
	Ch2
	0.23018
	0.00869
	0.58625
	0.00407
	0.00000
	0.00000
	0.00000
	0.03134
	0.00102

	21
	matrix
	Ch3
	0.22672
	0.00864
	0.59459
	0.00754
	0.00000
	0.00000
	0.00000
	0.04224
	0.00425

	22
	matrix
	Ch4
	0.16857
	0.00826
	0.06443
	0.00545
	0.00000
	0.00000
	0.00000
	0.42008
	0.10187

	23
	matrix
	Ch5
	0.17300
	0.00838
	0.06770
	0.01117
	0.00000
	0.00000
	0.00000
	0.39875
	0.11953

	24
	matrix
	Ch6
	0.30422
	0.00926
	0.07328
	0.01619
	0.00000
	0.00000
	0.00000
	0.26566
	0.04927

	25
	matrix
	Pp4
	0.27854
	0.00860
	0.12717
	0.00177
	0.00000
	0.00000
	0.00000
	0.22966
	0.10299

	26
	matrix
	Pp3
	0.60464
	0.00973
	0.00281
	0.00572
	0.00487
	0.00000
	0.00000
	0.00557
	0.00000

	27
	matrix
	pp2
	0.60760
	0.00978
	0.00283
	0.00575
	0.00000
	0.00000
	0.00000
	0.00560
	0.00000

	28
	matrix
	pp1
	0.22047
	0.00889
	0.02835
	0.00317
	0.00000
	0.00000
	0.00000
	0.52249
	0.00000

	29
	matrix
	bf3
	0.60321
	0.00997
	0.00205
	0.02584
	0.00000
	0.00000
	0.00000
	0.00277
	0.00000

	30
	matrix
	bf2
	0.33208
	0.00963
	0.00000
	0.02511
	0.00000
	0.00000
	0.00000
	0.34755
	0.00000

	31
	fracture
	Tcw11
	0.49663
	0.00794
	0.08242
	0.00318
	0.00000
	0.00000
	0.00000
	0.00144
	0.00000


Table A-2.  Mineral Initial Volume Fractions (2) (Continued)

	Zone
	Type
	Hydro Unit
	sanidi-ym
	plagio-ym
	glass-rhyol
	biotite-ox
	hematite
	fluorite
	stell-ym/10
	clinpt-ym/10
	mordenit/10

	32
	fracture
	Tcw12
	0.49663
	0.00794
	0.08242
	0.00318
	0.00000
	0.00000
	0.00000
	0.00144
	0.00000

	33
	fracture
	Tcw13
	0.23468
	0.00825
	0.43634
	0.00000
	0.00000
	0.00000
	0.00000
	0.00000
	0.00000

	34
	fracture
	Ptn21
	0.04978
	0.00815
	0.68037
	0.00000
	0.00000
	0.00000
	0.00000
	0.00000
	0.00000

	35
	fracture
	Ptn22
	0.06068
	0.00813
	0.64302
	0.00023
	0.00014
	0.00000
	0.00000
	0.00000
	0.00000

	36
	fracture
	Ptn23
	0.01584
	0.00778
	0.75144
	0.00000
	0.00000
	0.00000
	0.00000
	0.00000
	0.00000

	37
	fracture
	Ptn24
	0.08068
	0.00793
	0.72774
	0.00676
	0.00000
	0.00000
	0.00000
	0.00000
	0.00000

	38
	fracture
	Ptn25
	0.13881
	0.00802
	0.71025
	0.00685
	0.00211
	0.00000
	0.00000
	0.00000
	0.00000

	39
	fracture
	Ptn26
	0.12119
	0.00821
	0.65602
	0.01594
	0.00205
	0.00000
	0.00000
	0.00000
	0.00000

	40
	fracture
	Tsw31
	0.16694
	0.00813
	0.69537
	0.00826
	0.00427
	0.00000
	0.00000
	0.00008
	0.00000

	41
	fracture
	Tsw32
	0.40102
	0.00581
	0.00047
	0.00617
	0.00265
	0.00010
	0.32500
	0.00088
	0.00000

	42
	fracture
	Tsw33
	0.35030
	0.00570
	0.00000
	0.00150
	0.00215
	0.00010
	0.32500
	0.00040
	0.00000

	43
	fracture
	Tsw34
	0.36071
	0.00578
	0.00000
	0.00202
	0.00022
	0.00010
	0.32500
	0.00006
	0.00000

	44
	fracture
	Tsw35
	0.34556
	0.00582
	0.00000
	0.00102
	0.00099
	0.00010
	0.32500
	0.00169
	0.00000

	45
	fracture
	Tsw36
	0.36020
	0.00582
	0.00000
	0.00185
	0.00116
	0.00010
	0.32500
	0.00424
	0.00000

	46
	fracture
	Tsw37
	0.36073
	0.00582
	0.00000
	0.00185
	0.00029
	0.00010
	0.32500
	0.00425
	0.00000

	47
	fracture
	Tsw38
	0.12613
	0.00800
	0.44453
	0.00176
	0.00000
	0.00000
	0.00000
	0.08556
	0.00000

	48
	fracture
	Tsw39
	0.15981
	0.00803
	0.56527
	0.00158
	0.00000
	0.00000
	0.00000
	0.03368
	0.00000

	49
	fracture
	Ch1
	0.15089
	0.00789
	0.64667
	0.00066
	0.00000
	0.00000
	0.00000
	0.02904
	0.00038

	50
	fracture
	Ch2
	0.21176
	0.00800
	0.53935
	0.00375
	0.00000
	0.00000
	0.00000
	0.02884
	0.00094

	51
	fracture
	Ch3
	0.20859
	0.00795
	0.54702
	0.00693
	0.00000
	0.00000
	0.00000
	0.03886
	0.00391

	52
	fracture
	Ch4
	0.15509
	0.00760
	0.05928
	0.00501
	0.00000
	0.00000
	0.00000
	0.38648
	0.09372

	53
	fracture
	Ch5
	0.15916
	0.00771
	0.06228
	0.01028
	0.00000
	0.00000
	0.00000
	0.36685
	0.10997

	54
	fracture
	Ch6
	0.27989
	0.00852
	0.06741
	0.01489
	0.00000
	0.00000
	0.00000
	0.24441
	0.04533

	55
	fracture
	Pp4
	0.25625
	0.00791
	0.11700
	0.00162
	0.00000
	0.00000
	0.00000
	0.21128
	0.09475

	56
	fracture
	Pp3
	0.55627
	0.00895
	0.00259
	0.00526
	0.00448
	0.00000
	0.00000
	0.00512
	0.00000

	57
	fracture
	pp2
	0.55899
	0.00899
	0.00260
	0.00529
	0.00000
	0.00000
	0.00000
	0.00515
	0.00000

	58
	fracture
	pp1
	0.20284
	0.00818
	0.02608
	0.00292
	0.00000
	0.00000
	0.00000
	0.48069
	0.00000

	59
	fracture
	bf3
	0.55495
	0.00917
	0.00189
	0.02377
	0.00000
	0.00000
	0.00000
	0.00255
	0.00000

	60
	fracture
	bf2
	0.30551
	0.00886
	0.00000
	0.02310
	0.00000
	0.00000
	0.00000
	0.31974
	0.00000

	Output DTN:  LB0707DSTHC006.003.


APPENDIX B

MINERAL REACTIVE SURFACE AREAS
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Table B-1.
Primary Mineral Initial Reactive Surface Areas (1)
	Zone
	Type
	Hydro Unit
	calcite
	beidel-ca
	beidel-mg
	beidel-na
	illite
	tridymite
	cristoba-a
	opal_CT
	quartz

	1
	matrix
	Tcw11
	2,753
	2,712
	2,712
	2,724
	2,708
	283
	274
	3,600
	241

	2
	matrix
	Tcw12
	934
	920
	920
	924
	919
	96
	93
	1,221
	82

	3
	matrix
	Tcw13
	1,922
	1,893
	1,893
	1,902
	1,890
	187
	181
	2,513
	160

	4
	matrix
	Ptn21
	4,313
	4,249
	4,249
	4,268
	4,243
	415
	402
	5,641
	355

	5
	matrix
	Ptn22
	1,523
	1,500
	1,500
	1,507
	1,498
	144
	139
	1,992
	123

	6
	matrix
	Ptn23
	1,908
	1,880
	1,880
	1,888
	1,877
	193
	187
	2,495
	165

	7
	matrix
	Ptn24
	2,072
	2,041
	2,041
	2,050
	2,038
	224
	217
	2,710
	192

	8
	matrix
	Ptn25
	7,450
	7,339
	7,339
	7,372
	7,328
	849
	822
	9,744
	725

	9
	matrix
	Ptn26
	2,030
	1,999
	1,999
	2,009
	1,996
	217
	210
	2,655
	185

	10
	matrix
	Tsw31
	919
	905
	905
	910
	904
	108
	104
	1,202
	92

	11
	matrix
	Tsw32
	6,984
	6,880
	6,880
	6,912
	6,870
	819
	793
	9,135
	699

	12
	matrix
	Tsw33
	6,465
	6,369
	6,369
	6,398
	6,359
	751
	727
	8,456
	641

	13
	matrix
	Tsw34
	5,883
	5,796
	5,796
	5,822
	5,787
	691
	669
	7,695
	590

	14
	matrix
	Tsw35
	5,476
	5,395
	5,395
	5,419
	5,386
	638
	618
	7,162
	544

	15
	matrix
	Tsw36
	5,223
	5,145
	5,145
	5,169
	5,137
	614
	594
	6,831
	524

	16
	matrix
	Tsw37
	5,586
	5,503
	5,503
	5,528
	5,495
	658
	637
	7,307
	561

	17
	matrix
	Tsw38
	317
	312
	312
	313
	311
	26
	25
	414
	22

	18
	matrix
	Tsw39
	2,126
	2,094
	2,094
	2,104
	2,091
	239
	231
	2,780
	204

	19
	matrix
	Ch1
	2,339
	2,304
	2,304
	2,315
	2,301
	270
	261
	3,059
	230

	20
	matrix
	Ch2
	591
	583
	583
	585
	582
	64
	62
	774
	54

	21
	matrix
	Ch3
	580
	571
	571
	574
	570
	61
	59
	759
	52

	22
	matrix
	Ch4
	1,484
	1,462
	1,462
	1,469
	1,460
	52
	50
	1,941
	44

	23
	matrix
	Ch5
	1,555
	1,532
	1,532
	1,539
	1,529
	62
	60
	2,034
	53

	24
	matrix
	Ch6
	1,765
	1,739
	1,739
	1,746
	1,736
	123
	119
	2,308
	105

	25
	matrix
	Pp4
	1,895
	1,867
	1,867
	1,875
	1,864
	112
	109
	2,478
	96

	26
	matrix
	Pp3
	6,669
	6,569
	6,569
	6,599
	6,559
	775
	750
	8,722
	661

	27
	matrix
	pp2
	8,726
	8,596
	8,596
	8,635
	8,583
	1,019
	986
	11,413
	869


Table B-1.  Primary Mineral Initial Reactive Surface Areas (1) (Continued)
	Zone
	Type
	Hydro Unit
	calcite
	beidel-ca
	beidel-mg
	beidel-na
	illite
	tridymite
	cristoba-a
	opal_CT
	quartz

	28
	matrix
	pp1
	1,551
	1,528
	1,528
	1,534
	1,525
	81
	78
	2,028
	69

	29
	matrix
	bf3
	2,645
	2,605
	2,605
	2,617
	2,601
	310
	300
	3,459
	264

	30
	matrix
	bf2
	1,347
	1,327
	1,327
	1,333
	1,325
	92
	89
	1,762
	79

	31
	fracture
	Tcw11
	130
	130
	130
	130
	130
	130
	130
	130
	130

	32
	fracture
	Tcw12
	1,575
	1,575
	1,575
	1,575
	1,575
	1,575
	1,575
	1,575
	1,575

	33
	fracture
	Tcw13
	580
	580
	580
	580
	580
	580
	580
	580
	580

	34
	fracture
	Ptn21
	217
	217
	217
	217
	217
	217
	217
	217
	217

	35
	fracture
	Ptn22
	282
	282
	282
	282
	282
	282
	282
	282
	282

	36
	fracture
	Ptn23
	1,667
	1,667
	1,667
	1,667
	1,667
	1,667
	1,667
	1,667
	1,667

	37
	fracture
	Ptn24
	68
	68
	68
	68
	68
	68
	68
	68
	68

	38
	fracture
	Ptn25
	396
	396
	396
	396
	396
	396
	396
	396
	396

	39
	fracture
	Ptn26
	2,297
	2,297
	2,297
	2,297
	2,297
	2,297
	2,297
	2,297
	2,297

	40
	fracture
	Tsw31
	1,544
	1,544
	1,544
	1,544
	1,544
	1,544
	1,544
	1,544
	1,544

	41
	fracture
	Tsw32
	773
	773
	773
	773
	773
	773
	773
	773
	773

	42
	fracture
	Tsw33
	1,531
	1,531
	1,531
	1,531
	1,531
	1,531
	1,531
	1,531
	1,531

	43
	fracture
	Tsw34
	3,186
	3,186
	3,186
	3,186
	3,186
	3,186
	3,186
	3,186
	3,186

	44
	fracture
	Tsw35
	2,017
	2,017
	2,017
	2,017
	2,017
	2,017
	2,017
	2,017
	2,017

	45
	fracture
	Tsw36
	1,894
	1,894
	1,894
	1,894
	1,894
	1,894
	1,894
	1,894
	1,894

	46
	fracture
	Tsw37
	1,894
	1,894
	1,894
	1,894
	1,894
	1,894
	1,894
	1,894
	1,894

	47
	fracture
	Tsw38
	2,425
	2,425
	2,425
	2,425
	2,425
	2,425
	2,425
	2,425
	2,425

	48
	fracture
	Tsw39
	1,372
	1,372
	1,372
	1,372
	1,372
	1,372
	1,372
	1,372
	1,372

	49
	fracture
	Ch1
	984
	984
	984
	984
	984
	984
	984
	984
	984

	50
	fracture
	Ch2
	1,117
	1,117
	1,117
	1,117
	1,117
	1,117
	1,117
	1,117
	1,117

	51
	fracture
	Ch3
	1,117
	1,117
	1,117
	1,117
	1,117
	1,117
	1,117
	1,117
	1,117

	52
	fracture
	Ch4
	2,324
	2,324
	2,324
	2,324
	2,324
	2,324
	2,324
	2,324
	2,324

	53
	fracture
	Ch5
	2,324
	2,324
	2,324
	2,324
	2,324
	2,324
	2,324
	2,324
	2,324

	54
	fracture
	Ch6
	1,375
	1,375
	1,375
	1,375
	1,375
	1,375
	1,375
	1,375
	1,375


Table B-1.  Primary Mineral Initial Reactive Surface Areas (1) (Continued)
	Zone
	Type
	Hydro Unit
	calcite
	beidel-ca
	beidel-mg
	beidel-na
	illite
	tridymite
	cristoba-a
	opal_CT
	quartz

	55
	fracture
	Pp4
	2,324
	2,324
	2,324
	2,324
	2,324
	2,324
	2,324
	2,324
	2,324

	56
	fracture
	Pp3
	1,258
	1,258
	1,258
	1,258
	1,258
	1,258
	1,258
	1,258
	1,258

	57
	fracture
	pp2
	1,258
	1,258
	1,258
	1,258
	1,258
	1,258
	1,258
	1,258
	1,258

	58
	fracture
	pp1
	2,324
	2,324
	2,324
	2,324
	2,324
	2,324
	2,324
	2,324
	2,324

	59
	fracture
	bf3
	1,258
	1,258
	1,258
	1,258
	1,258
	1,258
	1,258
	1,258
	1,258

	60
	fracture
	bf2
	2,324
	2,324
	2,324
	2,324
	2,324
	2,324
	2,324
	2,324
	2,324

	Output DTN:  LB0707DSTHC006.003.

NOTE:
Matrix mineral reactive surface areas are in units of cm2/g (mineral).  Fracture mineral surface areas are in units of m2/m3 fracture medium solids.


Table B-2.
Primary Mineral Initial Reactive Surface Areas (2)
	Zone
	Type
	Hydro Unit
	sanidi-ym
	plagio-ym
	glass-rhyol
	biotite-ox
	hematite
	fluorite
	stell-ym/10
	clinpt-ym/10
	mordenit/10

	1
	matrix
	Tcw11
	246
	242
	289
	207
	1,414
	3,600
	3,600
	3,487
	3,583

	2
	matrix
	Tcw12
	84
	82
	98
	70
	480
	1,221
	1,221
	1,183
	1,216

	3
	matrix
	Tcw13
	163
	160
	191
	137
	987
	2,513
	2,513
	2,434
	2,502

	4
	matrix
	Ptn21
	362
	356
	424
	304
	2,216
	5,641
	5,641
	5,463
	5,615

	5
	matrix
	Ptn22
	126
	123
	147
	105
	782
	1,992
	1,992
	1,929
	1,982

	6
	matrix
	Ptn23
	168
	165
	197
	141
	980
	2,495
	2,495
	2,417
	2,484

	7
	matrix
	Ptn24
	196
	192
	229
	164
	1,064
	2,710
	2,710
	2,624
	2,697

	8
	matrix
	Ptn25
	740
	727
	867
	621
	3,827
	9,744
	9,744
	9,435
	9,698

	9
	matrix
	Ptn26
	189
	186
	222
	159
	1,043
	2,655
	2,655
	2,571
	2,642

	10
	matrix
	Tsw31
	94
	92
	110
	79
	472
	1,202
	1,202
	1,164
	1,196

	11
	matrix
	Tsw32
	714
	702
	836
	599
	3,588
	9,135
	9,135
	8,846
	9,092

	12
	matrix
	Tsw33
	654
	643
	767
	549
	3,321
	8,456
	8,456
	8,188
	8,416

	13
	matrix
	Tsw34
	602
	592
	706
	505
	3,022
	7,695
	7,695
	7,451
	7,658

	14
	matrix
	Tsw35
	556
	546
	651
	466
	2,813
	7,162
	7,162
	6,936
	7,128

	15
	matrix
	Tsw36
	535
	526
	627
	448
	2,683
	6,831
	6,831
	6,615
	6,799


Table B-2.  Primary Mineral Initial Reactive Surface Areas (2) (Continued)
	Zone
	Type
	Hydro Unit
	sanidi-ym
	plagio-ym
	glass-rhyol
	biotite-ox
	hematite
	fluorite
	stell-ym/10
	clinpt-ym/10
	mordenit/10

	16
	matrix
	Tsw37
	573
	563
	671
	480
	2,870
	7,307
	7,307
	7,076
	7,272

	17
	matrix
	Tsw38
	23
	23
	27
	19
	163
	414
	414
	401
	412

	18
	matrix
	Tsw39
	208
	204
	244
	174
	1,092
	2,780
	2,780
	2,692
	2,767

	19
	matrix
	Ch1
	235
	231
	275
	197
	1,202
	3,059
	3,059
	2,962
	3,045

	20
	matrix
	Ch2
	55
	55
	65
	47
	304
	774
	774
	749
	770

	21
	matrix
	Ch3
	53
	52
	62
	45
	298
	759
	759
	735
	755

	22
	matrix
	Ch4
	45
	44
	53
	38
	762
	1,941
	1,941
	1,880
	1,932

	23
	matrix
	Ch5
	54
	53
	63
	45
	799
	2,034
	2,034
	1,969
	2,024

	24
	matrix
	Ch6
	107
	105
	125
	90
	907
	2,308
	2,308
	2,235
	2,297

	25
	matrix
	Pp4
	98
	96
	114
	82
	973
	2,478
	2,478
	2,400
	2,466

	26
	matrix
	Pp3
	675
	663
	791
	566
	3,426
	8,722
	8,722
	8,446
	8,681

	27
	matrix
	pp2
	888
	872
	1,040
	744
	4,483
	11,413
	11,413
	11,052
	11,359

	28
	matrix
	pp1
	71
	69
	83
	59
	797
	2,028
	2,028
	1,964
	2,018

	29
	matrix
	bf3
	270
	265
	316
	226
	1,359
	3,459
	3,459
	3,350
	3,443

	30
	matrix
	bf2
	80
	79
	94
	67
	692
	1,762
	1,762
	1,706
	1,754

	31
	fracture
	Tcw11
	130
	130
	130
	130
	130
	130
	130
	130
	130

	32
	fracture
	Tcw12
	1,575
	1,575
	1,575
	1,575
	1,575
	1,575
	1,575
	1,575
	1,575

	33
	fracture
	Tcw13
	580
	580
	580
	580
	580
	580
	580
	580
	580

	34
	fracture
	Ptn21
	217
	217
	217
	217
	217
	217
	217
	217
	217

	35
	fracture
	Ptn22
	282
	282
	282
	282
	282
	282
	282
	282
	282

	36
	fracture
	Ptn23
	1,667
	1,667
	1,667
	1,667
	1,667
	1,667
	1,667
	1,667
	1,667

	37
	fracture
	Ptn24
	68
	68
	68
	68
	68
	68
	68
	68
	68

	38
	fracture
	Ptn25
	396
	396
	396
	396
	396
	396
	396
	396
	396

	39
	fracture
	Ptn26
	2,297
	2,297
	2,297
	2,297
	2,297
	2,297
	2,297
	2,297
	2,297

	40
	fracture
	Tsw31
	1,544
	1,544
	1,544
	1,544
	1,544
	1,544
	1,544
	1,544
	1,544

	41
	fracture
	Tsw32
	773
	773
	773
	773
	773
	773
	773
	773
	773

	42
	fracture
	Tsw33
	1,531
	1,531
	1,531
	1,531
	1,531
	1,531
	1,531
	1,531
	1,531


Table B-2.  Primary Mineral Initial Reactive Surface Areas (2) (Continued)
	Zone
	Type
	Hydro Unit
	sanidi-ym
	plagio-ym
	glass-rhyol
	biotite-ox
	hematite
	fluorite
	stell-ym/10
	clinpt-ym/10
	mordenit/10

	43
	fracture
	Tsw34
	3,186
	3,186
	3,186
	3,186
	3,186
	3,186
	3,186
	3,186
	3,186

	44
	fracture
	Tsw35
	2,017
	2,017
	2,017
	2,017
	2,017
	2,017
	2,017
	2,017
	2,017

	45
	fracture
	Tsw36
	1,894
	1,894
	1,894
	1,894
	1,894
	1,894
	1,894
	1,894
	1,894

	46
	fracture
	Tsw37
	1,894
	1,894
	1,894
	1,894
	1,894
	1,894
	1,894
	1,894
	1,894

	47
	fracture
	Tsw38
	2,425
	2,425
	2,425
	2,425
	2,425
	2,425
	2,425
	2,425
	2,425

	48
	fracture
	Tsw39
	1,372
	1,372
	1,372
	1,372
	1,372
	1,372
	1,372
	1,372
	1,372

	49
	fracture
	Ch1
	984
	984
	984
	984
	984
	984
	984
	984
	984

	50
	fracture
	Ch2
	1,117
	1,117
	1,117
	1,117
	1,117
	1,117
	1,117
	1,117
	1,117

	51
	fracture
	Ch3
	1,117
	1,117
	1,117
	1,117
	1,117
	1,117
	1,117
	1,117
	1,117

	52
	fracture
	Ch4
	2,324
	2,324
	2,324
	2,324
	2,324
	2,324
	2,324
	2,324
	2,324

	53
	fracture
	Ch5
	2,324
	2,324
	2,324
	2,324
	2,324
	2,324
	2,324
	2,324
	2,324

	54
	fracture
	Ch6
	1,375
	1,375
	1,375
	1,375
	1,375
	1,375
	1,375
	1,375
	1,375

	55
	fracture
	Pp4
	2,324
	2,324
	2,324
	2,324
	2,324
	2,324
	2,324
	2,324
	2,324

	56
	fracture
	Pp3
	1,258
	1,258
	1,258
	1,258
	1,258
	1,258
	1,258
	1,258
	1,258

	57
	fracture
	pp2
	1,258
	1,258
	1,258
	1,258
	1,258
	1,258
	1,258
	1,258
	1,258

	58
	fracture
	pp1
	2,324
	2,324
	2,324
	2,324
	2,324
	2,324
	2,324
	2,324
	2,324

	59
	fracture
	bf3
	1,258
	1,258
	1,258
	1,258
	1,258
	1,258
	1,258
	1,258
	1,258

	60
	fracture
	bf2
	2,324
	2,324
	2,324
	2,324
	2,324
	2,324
	2,324
	2,324
	2,324

	Output DTN:  LB0707DSTHC006.003.

NOTE:
Matrix mineral reactive surface areas are in units of cm2/g (mineral).  Fracture mineral surface areas are in units of m2/m3 fracture medium solids.


INTENTIONALLY LEFT BLANK

APPENDIX C

THERMODYNAMIC DATA

INTENTIONALLY LEFT BLANK

C.1
Introduction

This appendix documents the thermodynamic data used in the THC seepage model and also the qualification for intended use of any external outside data sources used as a source or in the derivation of these data.  The thermodynamic data used in this report and the sources of these data are shown in Tables C.1-1 and C.1-2.  Except for a few minerals, the source of the log(K) (equilibrium constants), molecular weight, and molar volume data was the qualified 
Yucca Mountain Project-controlled databases data0.ymp.R5, which was originally submitted to the Technical Data Management System (TDMS) under DTN:  SN0610T0502404.013 [DIRS 178113], and data0.ypf.R2, which is from DTN: SN0609T0502404.012 [DIRS 179067].  The original data0.ymp.R5 database, however, was later finalized and superseded with a new DTN:  SN0612T0502404.014 [DIRS 178850].  Changes from DTN: SN0610T0502404.013 [DIRS 178113] to DTN: SN0612T0502404.014 [DIRS 178850] were evaluated and determined to be inconsequential (Section C.9).  Because the original database filed under DTN:  SN0610T0502404.013 [DIRS 178113] was superseded and is no longer available, this appendix refers to the superseding database (DTN:  SN0612T0502404.014 [DIRS 178850]) as the source of all data that have not changed when the original database was superseded.   
Regression of log(K) data as a function of temperature, and transformation of stoichiometries using alternate primary species, as necessary for input into simulations, were performed using utilities kreg V1.1 and kswitch V1.1 (see Table 3-1), respectively. 

Thermodynamic data differing from those reported in DTN:  SN0612T0502404.014 [DIRS 178850] and their sources or derivations are reported below.  External data sources used to either obtain or calculate these thermodynamic data are qualified here for their intended use following the qualification plan, Qualification Plan for the Intended Use of Thermodynamic Data from the Literature, documented in Appendix N (Section N.2).

External data sources such as mineral compositions and abundances that were required in some of the thermodynamic data derivations are qualified separately in Appendix O (Section O.3), following the qualification plan, Qualification Plan for the Intended Use of Mineralogical Data from the Literature, documented in Appendix N (Section N.5).
Table C.1-1.
Thermodynamic Data:  Minerals and Gases

	
	
	
	
	log(K)
	Sourced

	Mineral/Gas
	Molecular Weight (g/mol)a
	Molar Volumea,b
(cm3/mol)
	Reaction Stoichiometryc
	0 ((C)
	25 ((C)
	60 ((C) 
	100 ((C)
	150 ((C)
	200 ((C)
	250 ((C)
	300 ((C)
	

	'anhydrite'
	136.142
	45.94
	(1)'ca+2', (1)'so4-2'
	−4.1043
	−4.3064
	−4.7587
	−5.3851
	−6.2741
	−7.2829
	−8.4644
	−9.9598
	1

	'antigo_am'
	277.112
	102.89
	(-6)'h+', (3)'mg+2', (2)'sio2(aq)', (5)'h2o'
	37.3589
	34.5025
	31.2224
	28.2271
	25.2793
	22.9545
	21.0741
	19.5218
	1

	'beidel-ca'
	366.562
	129.766
	(2)'h+', (0.165)'ca+2', (3.67)'sio2(aq)', (2.33)'alo2-'
	−50.6061
	−46.7997
	−42.9473
	−39.7348
	−36.8347
	−34.8161
	−33.5417
	−33.1069
	1

	'beidel-mg'
	363.96
	128.725
	(2)'h+', (0.165)'mg+2', (3.67)'sio2(aq)', (2.33)'alo2-'
	−50.5939
	−46.8378
	−43.0418
	−39.8781
	−37.0222
	−35.0357
	−33.7855
	−33.3695
	1

	'beidel-na'
	367.536
	130.727
	(2)'h+', (0.33)'na+', (3.67)'sio2(aq)', (2.33)'alo2-'
	−50.6536
	−46.7438
	−42.7665
	−39.4308
	−36.3966
	−34.2595
	−32.8772
	−32.3417
	1

	'beidel-k'
	372.852
	134.152
	(2)'h+', (0.33)'k+', (3.67)'sio2(aq)', (2.33)'alo2-'
	−51.0733
	−47.0827
	−43.0176
	−39.6086
	−36.5108
	−34.3307
	−32.9186
	−32.3612
	1

	'biotite-ox'
	471.193
	152.316
	(-2.58)'h+', (1)'k+', (1.29)'mg+2', (1.71)'hfeo2(aq)', (3)'sio2(aq)', (1.44)'h2o', (1)'alo2-'
	3.691
	2.914
	1.379
	−0.4434
	−2.623
	−4.708
	−6.797
	−9.076
	2

	'calcite'
	100.087
	36.934
	(-1)'h+', (1)'ca+2', (1)'hco3-'
	2.2257
	1.8487
	1.333
	0.7743
	0.0999
	−0.5838
	−1.3262
	−2.2154
	1

	'clinpt-ca/10'
	134.3928
	63.205
	(0.17335)'ca+2', (1.4533)'sio2(aq)', (1.0922)'h2o', (0.3467)'alo2-'
	−8.984
	−8.251
	−7.581
	−7.079
	−6.701
	−6.536
	−6.568
	−6.83
	2

	'clinpt-k/10'
	141.0006
	63.205
	(0.3467)'k+', (1.4533)'sio2(aq)', (1.0922)'h2o', (0.3467)'alo2-'
	−9.606
	−8.645
	−7.712
	−6.969
	−6.35
	−5.99
	−5.857
	−5.975
	2

	'clinpt-na/10'
	135.4158
	63.205
	(0.3467)'na+', (1.4533)'sio2(aq)', (1.0922)'h2o', (0.3467)'alo2-'
	−9.118
	−8.263
	−7.447
	−6.8
	−6.266
	−5.963
	−5.871
	−6.018
	2

	'clinpt-ym/10'
	135.2304
	63.205
	(0.1428)'ca+2', (0.0203)'na+', (0.0408)'k+', (1.4533)'sio2(aq)', (1.0922)'h2o', (0.3467)'alo2-'
	−9.091
	−8.323
	−7.614
	−7.075
	−6.659
	−6.463
	−6.469
	−6.607
	2


Table C.1-1.
Thermodynamic Data:  Minerals (Continued)

	
	
	
	
	log(K)
	Sourced

	Mineral/Gas
	Molecular Weight (g/mol)a
	Molar Volumea,b
(cm3/mol)
	Reaction Stoichiometryc
	0 ((C)
	25 ((C)
	60 ((C) 
	100 ((C)
	150 ((C)
	200 ((C)
	250 ((C)
	300 ((C)
	

	'cristoba-a'
	60.084
	25.74
	(1)'sio2(aq)'
	−4.0213
	−3.4488
	−2.9921
	−2.6605
	−2.3644
	−2.1326
	−1.9402
	−1.7832
	2

	'fluorite'
	78.075
	24.542
	(1)'ca+2', (2)'f-'
	−10.3098
	−10.0371
	−9.9067
	−9.967
	−10.2653
	−10.7841
	−11.555
	−12.7028
	1

	'goethite'
	88.852
	20.82
	(1)'hfeo2(aq)'
	−12.7796
	−11.4833
	−10.2087
	−9.2435
	−8.5081
	−8.1147
	−7.948
	−7.9359
	1

	'glass-rhyol'
	64.96
	29.342
	(4)'h+', (1)'alo2-', (-2)'h2o'
	1.524
	1.365
	1.175
	0.992
	0.793
	0.61
	0.425
	0.223
	2

	'gypsum'
	172.172
	74.69
	(1)'ca+2', (1)'so4-2', (2)'h2o'
	−4.5331
	−4.4823
	−4.6094
	−4.9035
	500
	500
	500
	500
	1

	'hematite'
	159.688
	30.274
	(-1)'h2o', (2)'hfeo2(aq)'
	−26.4379
	−23.9274
	−21.4857
	−19.6613
	−18.2926
	−17.5725
	−17.2716
	−17.2479
	1

	'illite'
	383.901
	139.346
	(1.2)'h+', (0.25)'mg+2', (0.6)'k+', (3.5)'sio2(aq)', (0.4)'h2o', (2.3)'alo2-'
	−46.2836
	−42.6981
	−39.0801
	−36.0675
	−33.3525
	−31.4734
	−30.3096
	−29.9646
	1

	'kaolinite'
	258.16
	99.52
	(2)'h+', (2)'sio2(aq)', (1)'h2o', (2)'alo2-'
	−41.6188
	−38.4537
	−35.07
	−32.1217
	−29.3603
	−27.3587
	−26.0006
	−25.3392
	1

	'mordenit/10'
	132.5541
	63.675
	(0.08685)'ca+2', (0.1083)'na+', (1.518)'sio2(aq)', (1.0404)'h2o', (0.282)'alo2-'
	−8.344
	−7.624
	−6.92
	−6.311
	−5.712
	−5.243
	−4.899
	−4.722
	1

	'opal_CT'
	60.084
	29
	(1)'sio2(aq)'
	−3.5013
	−3.0053
	−2.6268
	−2.3583
	−2.1179
	−1.9264
	−1.7646
	−1.6319
	2

	'plagio-ym'
	266.069
	100.818
	(1.17)'alo2-', (0.76)'na+', (0.07)'k+', (0.17)'ca+2', (2.83)'sio2(aq)'
	−21.662
	−20.323
	−18.731
	−17.275
	−15.933
	−15.052
	−14.573
	−14.45
	2

	'quartz'
	60.084
	22.688
	(1)'sio2(aq)'
	−4.1605
	−3.7501
	−3.3553
	−3.0132
	−2.6679
	−2.3823
	−2.149
	−1.9822
	1

	'sanidi-ym'
	270.755
	104.396
	(1.05)'alo2-', (0.47)'na+', (0.48)'k+', (0.05)'ca+2', (2.95)'sio2(aq)'
	−21.697
	−20.239
	−18.508
	−16.921
	−15.44
	−14.437
	−13.843
	−13.609
	2

	'sio2(am)'
	60.084
	29
	(1)'sio2(aq)'
	−2.947
	−2.714
	−2.445
	−2.202
	−1.971
	−1.802
	−1.684
	−1.605
	2


Table C.1-1.
Thermodynamic Data:  Minerals (Continued)

	
	
	
	
	log(K)
	Sourced

	Mineral/Gas
	Molecular Weight (g/mol)a
	Molar Volumea,b
(cm3/mol)
	Reaction Stoichiometryc
	0 ((C)
	25 ((C)
	60 ((C) 
	100 ((C)
	150 ((C)
	200 ((C)
	250 ((C)
	300 ((C)
	

	'stell-ym/10'
	140.865
	66.55
	(1.4)'h2o', (0.395)'alo2-', (0.195)'ca+2', (0.005)'na+', (1.405)'sio2(aq)'
	−8.946
	−8.29
	−7.514
	−6.794
	−6.104
	−5.615
	−5.301
	−5.147
	2

	'tridymite'
	60.084
	26.586
	(1)'sio2(aq)'
	−4.4254
	−3.8278
	−3.3175
	−2.9063
	−2.4712
	−2.0568
	500
	500
	2

	'ca(no3)2'
	164.088
	50
	(1)'ca+2', (2)'no3-'
	5.7482
	5.5269
	5.0984
	4.5333
	3.7473
	2.8627
	1.8277
	0.5123
	3

	'arcanite'
	174.252
	65.5
	(2)'k+', (1)'so4-2'
	−2.1629
	−1.7916
	−1.4973
	−1.397
	−1.5208
	−1.8398
	−2.2979
	500
	3

	'bischofite'
	203.301
	129.57
	(1)'mg+2', (2)'cl-', (6)'h2o'
	4.5811
	4.357
	4.0253
	3.6643
	3.2042
	2.6742
	1.9838
	0.9732
	3

	'halite'
	58.442
	27.015
	(1)'cl-', (1)'na+'
	1.492
	1.5855
	1.6176
	1.578
	1.4499
	1.2422
	0.9364
	0.4683
	1

	'hydrophilite'
	110.983
	51.03
	(1)'ca+2', (2)'cl-'
	13.177
	11.942
	10.325
	8.649
	6.738
	4.935
	3.124
	1.126
	3

	'k2co3'
	138.205
	50
	(2)'k+', (1)'hco3-', (-1)'h+'
	15.9754
	15.3005
	14.4517
	13.606
	12.6772
	11.8278
	10.99
	10.0667
	3

	'kieserite'
	138.384
	56.6
	(1)'h2o', (1)'mg+2', (1)'so4-2'
	0.72
	−0.024
	−1.0716
	−2.2058
	−3.5575
	−4.9071
	−6.3552
	−8.0716
	3

	'mg(no3)2'
	148.315
	50
	(1)'mg+2', (2)'no3-'
	16.5292
	15.1741
	13.4524
	11.7254
	9.8189
	8.0672
	6.3389
	4.4551
	3

	'natrite'
	105.989
	41.86
	(2)'na+', (1)'hco3-', (-1)'h+'
	11.6028
	10.984
	10.2336
	9.5237
	8.7835
	8.1278
	7.477
	6.7236
	3

	'niter'
	101.103
	48.14
	(1)'k+', (1)'no3-'
	−0.8418
	−0.2344
	0.3772
	0.8541
	1.2188
	1.3891
	1.3856
	1.1754
	3

	'sellaite'
	62.301
	19.61
	(1)'mg+2', (2)'f-'
	−9.2699
	−9.3939
	−9.7091
	−10.1577
	−10.817
	−11.6053
	−12.5872
	−13.9059
	3

	'soda_niter'
	84.995
	37.61
	(1)'na+', (1)'no3-'
	0.7192
	1.0915
	1.4321
	1.6649
	1.8721
	500
	500
	500
	3

	'sylvite'
	74.551
	37.524
	(1)'cl-', (1)'k+'
	0.5252
	0.8459
	1.1224
	1.2845
	1.3297
	1.2382
	1.0128
	0.6044
	1


Table C.1-1.
Thermodynamic Data:  Minerals (Continued)

	
	
	
	
	log(K)
	Sourced

	Mineral/Gas
	Molecular Weight (g/mol)a
	Molar Volumea,b
(cm3/mol)
	Reaction Stoichiometryc
	0 ((C)
	25 ((C)
	60 ((C) 
	100 ((C)
	150 ((C)
	200 ((C)
	250 ((C)
	300 ((C)
	

	'thenardite'
	142.043
	53.33
	(2)'na+', (1)'so4-2'
	−0.1329
	−0.255
	−0.4272
	−0.6877
	−1.1778
	−1.8153
	−2.6255
	500
	3

	'villiaumite'
	41.988
	15.05
	(1)'na+', (1)'f-'
	−0.2797
	−0.2538
	−0.2923
	−0.3848
	−0.5531
	−0.7861
	−1.1129
	−1.6039
	3

	'co2(g)'
	44.01
	3.23E-10
	(-1)'h2o', (1)'h+', (1)'hco3-'
	−7.6765
	−7.8136
	−8.0527
	−8.3574
	−8.7692
	−9.2165
	−9.7202
	−10.3394
	1

	a
Molecular weights and molar volumes from qualified database data0.ymp.R5 (DTN: SN0612T0502404.014 [DIRS 178850]) unless listed differently in Section C.3.
b
For CO2, this column contains the molecular diameter (in meters) from Lide (1993 [DIRS 123032], pp. 14 to 19).
c
Negative numbers in parentheses indicate the species is on the left side of equation.

d
Sources for log(K) and stoichiometry, as follows:
1.  Data from qualified database data0.ymp.R5 (DTN: SN0612T0502404.014 [DIRS 178850]).

2.  Sources and calculations, if any, as described in this appendix.

3.  Data from qualified database data0.ypf.R2 (DTN: SN0609T0502404.012 [DIRS 179067]).

NOTE:
Mineral names or abbreviations above are those used in the input file and may not exactly match names used in the text of the report.  Names ending in /10 indicate the stoichiometry, molecular weight, molar volume, and log(K) values for those minerals were divided by 10 compared to the original data.  
	


Table C.1-2.
Thermodynamic Data:  Aqueous Species

	Secondary Aqueous Species
	Molecular Weight (g/mol)a
	rejb
	Chargea
	Reaction Stoichiometryc
	log(K)a

	
	
	
	
	
	0 ((C)
	25 ((C)
	60 ((C)
	100 ((C)
	150 ((C)
	200 ((C)
	250 ((C)
	300 ((C)

	'al+3'
	26.982
	3.33
	3
	(4)'h+', (1)'alo2-', (-2)'h2o'
	−24.9891
	−22.2038
	−19.0435
	−16.2051
	−13.4626
	−11.3393
	−9.6575
	−8.343

	'alo+'
	42.981
	2.31
	1
	(2)'h+', (-1)'h2o', (1)'alo2-'
	−13.0063
	−11.862
	−10.5479
	−9.3616
	−8.2252
	−7.3761
	−6.7618
	−6.3922

	'aloh++'
	43.989
	2.8
	2
	(3)'h+', (-1)'h2o', (1)'alo2-'
	−19.2227
	−17.2034
	−14.9834
	−13.0552
	−11.2674
	−9.958
	−8.9969
	−8.3416

	'halo2(aq)'
	59.988
	0
	0
	(1)'h+', (1)'alo2-'
	−6.9244
	−6.6022
	−6.1452
	−5.6577
	−5.1267
	−4.6987
	−4.3982
	−4.2853

	'co2(aq)'
	44.01
	0
	0
	(-1)'h2o', (1)'h+', (1)'hco3-'
	−6.5804
	−6.3447
	−6.2684
	−6.3882
	−6.7235
	−7.1969
	−7.7868
	−8.528

	'co3--'
	60.009
	2.81
	−2
	(-1)'h+', (1)'hco3-'
	10.6241
	10.3288
	10.1304
	10.0836
	10.2003
	10.4648
	10.8707
	11.4638

	'caco3(aq)'
	100.087
	0
	0
	(-1)'h+', (1)'ca+2', (1)'hco3-'
	7.5046
	7.0017
	6.4546
	5.9746
	5.4924
	5.057
	4.5885
	3.9784

	'cahco3+'
	101.095
	2.31
	1
	(1)'ca+2', (1)'hco3-'
	−1.094
	−1.0467
	−1.1579
	−1.4134
	−1.8483
	−2.383
	−3.0268
	−3.8398

	'caf+'
	59.076
	2.31
	1
	(1)'ca+2', (1)'f-'
	−0.6546
	−0.6817
	−0.8624
	−1.1708
	−1.6504
	−2.2173
	−2.8881
	−3.7282

	'caoh+'
	57.085
	2.31
	1
	(-1)'h+', (1)'ca+2', (1)'h2o'
	14.0851
	12.8333
	11.4163
	10.1423
	8.9034
	7.9283
	7.1264
	6.4342

	'caso4(aq)'
	136.142
	0
	0
	(1)'ca+2', (1)'so4-2'
	−2.0713
	−2.1111
	−2.2647
	−2.5111
	−2.9102
	−3.4333
	−4.1436
	−5.1877

	'feo+'
	71.844
	2.31
	1
	(1)'h+', (-1)'h2o', (1)'hfeo2(aq)'
	−7.324
	−6.3682
	−5.3723
	−4.5614
	−3.8649
	−3.3929
	−3.0599
	−2.8073

	'feo2-'
	87.844
	1.81
	−1
	(-1)'h+', (1)'hfeo2(aq)'
	10.2309
	9.6023
	8.8391
	8.1111
	7.3806
	6.8216
	6.4302
	6.2494

	'feoh++'
	72.852
	2.8
	2
	(2)'h+', (-1)'h2o', (1)'hfeo2(aq)'
	−11.4093
	−9.8133
	−8.1736
	−6.8533
	−5.7273
	−4.9638
	−4.4151
	−3.9794

	'fef++'
	74.843
	2.8
	2
	(1)'f-', (3)'h+', (-2)'h2o', (1)'hfeo2(aq)'
	−20.032
	−18.0177
	−16.0383
	−14.5457
	−13.4176
	−12.8268
	−12.6081
	−12.6965

	'fef2+'
	93.842
	2.31
	1
	(2)'f-', (3)'h+', (-2)'h2o', (1)'hfeo2(aq)'
	−22.3228
	−20.3679
	−18.4587
	−17.0371
	−16.0107
	−15.5689
	−15.5896
	−16.0864

	'feso4+'
	151.909
	2.31
	1
	(1)'so4-2', (3)'h+', (-2)'h2o', (1)'hfeo2(aq)'
	−15.8455
	−13.9456
	−12.0892
	−10.7002
	−9.6806
	−9.2129
	−9.1791
	−9.6018

	'fe+++'
	55.845
	3.46
	3
	(3)'h+', (1)'hfeo2(aq)', 
(-2)'h2o'
	−14.3047
	−12.018
	−9.6021
	−7.5941
	−5.8067
	−4.5205
	−3.5296
	−2.6957

	'fecl++'
	91.298
	2.8
	2
	(1)'cl-', (3)'h+', (-2)'h2o', (1)'hfeo2(aq)'
	−15.7702
	−13.4979
	−11.2173
	−9.4491
	−8.0466
	−7.2301
	−6.8133
	−6.7213


Table C.1-2.
Thermodynamic Data:  Aqueous Species (Continued)
	Secondary Aqueous Species
	Molecular Weight (g/mol)a
	rejb
	Chargea
	Reaction Stoichiometryc
	log(K)a

	
	
	
	
	
	0 ((C)
	25 ((C)
	60 ((C)
	100 ((C)
	150 ((C)
	200 ((C)
	250 ((C)
	300 ((C)

	'hf(aq)'
	20.006
	0
	0
	(1)'f-', (1)'h+'
	−2.9654
	−3.1791
	−3.4948
	−3.8477
	−4.3264
	−4.9345
	−5.7479
	−6.8164

	'hf2-'
	39.005
	1.81
	−1
	(2)'f-', (1)'h+'
	−3.4639
	−3.7101
	−4.1266
	−4.5367
	−5.0532
	−5.8324
	500
	500

	'hno3(aq)'
	63.013
	0
	0
	(1)'h+', (1)'no3-'
	1.5397
	1.3026
	0.9516
	0.5563
	0.0741
	−0.4117
	−0.9362
	−1.5794

	'hso4-'
	97.072
	2.37
	−1
	(1)'h+', (1)'so4-2'
	−1.7193
	−1.9791
	−2.4371
	−3.0002
	−3.7234
	−4.4683
	−5.2633
	−6.1799

	'hsio3-'
	77.092
	1.81
	−1
	(-1)'h+', (1)'h2o', (1)'sio2(aq)'
	10.2895d
(9.8105)
	9.8419d
(9.5853)
	9.3658d
(9.2406)
	9.0315d
(8.9596)
	8.8598d
(8.8018)
	8.8949d
(8.8329)
	9.0985d
(9.0353)
	9.4741d
(9.4329)

	'khso4(aq)'
	136.17
	0
	0
	(1)'h+', (1)'k+', (1)'so4-2'
	2.0393
	1.4953
	0.5948
	-0.4756
	−1.8165
	−3.172
	−4.6006
	−6.2423

	'kso4-'
	135.162
	1.81
	−1
	(1)'k+', (1)'so4-2'
	−0.8855
	−0.8796
	−0.9908
	−1.195
	−1.5212
	−1.9206
	−2.4186
	−3.0896

	'mgco3(aq)'
	84.314
	0
	0
	(-1)'h+', (1)'hco3-', (1)'mg+2'
	7.7424
	7.3499
	6.9292
	6.5742
	6.2284
	5.9109
	5.5428
	5.0192

	'mgf+'
	43.303
	2.31
	1
	(1)'f-', (1)'mg+2'
	−1.3869
	−1.3524
	−1.4781
	−1.7394
	−2.1692
	−2.6911
	−3.321
	−4.1254

	'mghco3+'
	85.322
	2.31
	1
	(1)'hco3-', (1)'mg+2'
	−1.077
	−1.0357
	−1.1604
	−1.4229
	−1.8523
	−2.3688
	−2.9844
	−3.7577

	'mgoh+'
	41.312
	2.31
	1
	(-1)'h+', (1)'h2o', (1)'mg+2'
	12.6741
	11.6825
	10.5017
	9.3988
	8.2907
	7.3921
	6.6344
	5.9667

	'mgso4(aq)'
	120.369
	0
	0
	(1)'mg+2', (1)'so4-2'
	−2.1842
	−2.2298
	−2.3929
	−2.6408
	−3.0307
	−3.5393
	−4.2363
	−5.2714

	'naf(aq)'
	41.988
	0
	0
	(1)'f-', (1)'na+'
	1.0818
	0.9976
	0.8328
	0.6233
	0.3376
	0.0096
	−0.3965
	−0.9574

	'nahco3(aq)'
	84.007
	0
	0
	(1)'hco3-', (1)'na+'
	−0.3983
	−0.1541
	0.075
	0.2444
	0.3582
	0.374
	0.2765
	0.0043

	'naso4-'
	119.053
	1.81
	−1
	(1)'na+', (1)'so4-2'
	−0.6765
	−0.7
	−0.8416
	−1.0629
	−1.3893
	−1.7724
	−2.2416
	−2.873

	'oh-'
	17.007
	1.4
	−1
	(-1)'h+', (1)'h2o'
	14.9398
	13.9951
	13.0272
	12.2551
	11.6308
	11.2836
	11.1675
	11.3002


Table C.1-2.
Thermodynamic Data:  Aqueous Species (Continued)
	Primary Aqueous Species
	Molecular Weight (g/mol)a
	rejb
	Chargea
	

	'h2o'
	18.015
	0
	0
	

	'h+'
	1.008
	3.08
	1
	

	'alo2-'
	58.98
	1.81
	−1
	

	'ca+2'
	40.078
	2.87
	2
	

	'cl-'
	35.453
	1.81
	−1
	

	'f-'
	18.998
	1.33
	−1
	

	'hco3-'
	61.017
	2.1
	−1
	

	'k+'
	39.098
	2.27
	1
	

	'mg+2'
	24.305
	2.54
	2
	

	'na+'
	22.99
	1.91
	1
	

	'so4-2'
	96.064
	3.15
	−2
	

	'sio2(aq)'
	60.084
	0
	0
	

	'hfeo2(aq)'
	88.852
	0
	0
	

	'no3-'
	62.005
	2.81
	−1
	

	a
Data from qualified database data0.ymp.R5 (DTN: SN0612T0502404.014 [DIRS 178850]) unless indicated differently.
b
Effective ionic radius for calculation of activity coefficients.  See Section C.2 of this appendix.  
c
Negative numbers in parentheses indicate that the species is on the left side of equation.

d
Data from a superseded version of data0.ymp.R5 (DTN: SN0610T0502404.013 [DIRS 178113]) were used as input.  Actual revised data from DTN:  SN0612T0502404.014 [DIRS 178850] are shown in parentheses.  The model results are not significantly impacted by this revision (see Section C.9).


C.2
Data FOR the calculation of activity coefficients

C.2.1
Source of Data 

Effective ionic radii rej are used for the calculation of activity coefficients for charged aqueous species, and are from Helgeson et al. (1981 [DIRS 106024], Table 3).  These data are an integral part of the activity coefficient formulation implemented into TOUGHREACT V3.1.1 (see Section 3.1), which is also from Helgeson et al. (1981 [DIRS 106024]).  Approximations for rej values were made for species not listed by these authors, as shown in Table C.2-1.  For neutral species, the rej values are set to zero and activity coefficients set to 1.

Table C.2-1.
Values of Effective Ionic Radii (re,j)

	Ion Charge
	rej
	Sourcea

	−1
	1.81
	Cl- value

	−2
	3.00
	Rounded average of CO32− and SO42− values

	−3
	4.2
	Estimated from straight line fit with charge

	+1
	2.31
	NH4+ value

	+2
	2.8
	Rounded average for +2 species

	+3
	3.6
	Rounded average for +3 species

	a
Values are either directly from Helgeson et al. (1981 [106024], Table 3) or, if not available, calculated from the data of these authors as indicated in this column.  


Further information on the calculation and verification of activity coefficients can be found 
in the User Information Document for TOUGHREACT V3.1.1 (DOE 2007 [DIRS 182183], Attachment A, Section H).  
C.2.2
Qualification of the Effective Ionic Radii rej from Helgeson et al. (1981 [DIRS 106024], Table 3) 
The effective ionic radii data from Helgeson et al. (1981 [DIRS 106024], Table 3) are qualified for intended use with Method 5 of SCI-PRO-001 (Technical Assessment).  The data shown in Table C.2-1 are considered qualified for intended use based on the following attributes:
· Attribute 1:  The first author of this data, Harold C. Helgeson, was a world-renowned professor of geochemistry (Ph.D. in Geochemistry) in the Department of Geology and Geophysics at the University of California, Berkeley.  Co-author George C. Flowers is a professor of geochemistry (Ph.D. in Geochemistry) at the Department of Earth and Environmental Sciences at Tulane University.  The qualifications of these authors are comparable to, or exceed, the qualification requirements of personnel generating thermodynamic data under Yucca Mountain Project procedures that support the YMP license application process or postclosure science.

· Attribute 7:  These data were developed specifically for, and are an integral part of, the implemented activity coefficient model (an extended Debye-Hückel equation, referred to as the “HKF” model).  These data, as well as the HKF formulation, are an integral part of TOUGHREACT V3.1.1 (see Section 3.1), used in the simulations for this model report.  These data and the HKF model have been extensively verified and validated with experimental data in the User Information Document for TOUGHREACT V3.1.1 (DOE 2007 [DIRS 182183], Attachment A, Section H). 

· Attribute 8:  The paper by Helgeson et al. (1981 [DIRS 106024]) was published in the American Journal of Science.  This journal is considered one of the top peer-reviewed journals in its field.  Papers published in this journal are carefully reviewed by typically at least three independent experts, such that the quality of the paper is assured.
C.3
Molecular weigHTS and molar volumes

C.3.1
Source of Data

When available, molecular weights and molar volumes were taken from qualified DTN:  SN0612T0502404.014 [DIRS 178850] (also see Section C.9).  Data sources for a few minerals for which these data were not available are discussed below.

For mordenite, the molar volume was taken from Chipera and Apps (2001 [DIRS 171017], Table 3), for the phase listed as diagenetic alteration of volcanic tuff.  This data source is qualified for intended use in Section C.3.2.  The value given by Chipera and Apps for a mineral formula on the basis of 72 oxygen atoms was divided by 2, then by 10, for the formula used here on the basis of 36/10 oxygen atoms.

For amorphous antigorite, the molar volume of antigorite given in qualified DTN:  SN0612T0502404.014 [DIRS 178850] was taken.  The value on the basis of 34 oxygen atoms was divided by 17 for the given amorphous antigorite formula, which is on the basis of 2 oxygen atoms. 

For tridymite, the molar volume was obtained by dividing the molecular weight of 60.084 g/mol from qualified DTN:  SN0612T0502404.014 [DIRS 178850] by the density of 2.26 g/cm3 given by Deer et al. (1978 [DIRS 171183], p. 340).  The latter source is a widely used reference book, from which the density of tridymite is considered established fact data.

Molar volumes of hydrophilite, niter, soda-niter, and villiaumite were obtained by dividing the densities of these salts (from Lide 1993 [DIRS 123032], established fact data) by their molecular weights (from qualified DTN: SN0612T0502404.014 [DIRS 178850]).  Molar volume values for Ca(NO3)2, Mg(NO3)2, and K2CO3 were not readily available and were set to 50 cm3/mol, within the range of values of other salts such as natrite (Na2CO3, 41.86 cm3/mol), niter (KNO3, 48.14 cm3/mol), hydrophilite (CaCl2, 51.03 cm3/mol), arcanite (K2SO4, 65.5 cm3/mol), and thenardite (Na2SO4, 53.33 cm3/mol).   

C.3.2
Qualification of Mordenite Molar Volume from Chipera and Apps (2001 [DIRS 171017], Table 3)
Chipera and Apps (2001 [DIRS 171017], Table 3) published thermodynamic data for zeolite minerals from boreholes at Yucca Mountain and molar volumes for various zeolites, including mordenite.  The mordenite molar volume from this source is qualified for the intended use in this report using Method 5, Technical Assessment.  These data are considered qualified for intended use based on the following attributes:

· Attribute 2:  The zeolite compositions and estimated molar volumes from Chipera and Apps (2001 [DIRS 171017], Table 3) represent zeolites from Yucca Mountain borehole cores.  The use of site-specific data is highly desirable.  The molar volume of mordenite from this data source is adequate for intended use because it was derived from data collected and developed using standard scientific practices.  It is relevant to Yucca Mountain because it is based on mineral compositions specific to Yucca Mountain.  The zeolite formulas reported by Chipera and Apps (2001 [DIRS 171017], Table 3) were derived from electron microprobe analyses of the vitric Topopah Springs Tuff, and the molar volume of mordenite was then based on these formulae.
One way to check the adequacy for intended use of the mordenite molar volume value given by Chipera and Apps (2001 [DIRS 171017], Table 3) is to use the partial molar volumes of raw oxides in qualified database data0.ymp.R5 (DTN:  SN0612T0502404.014 [DIRS 178850]), multiply these volumes by the mole fraction of each oxide in the mineral (using the implemented mineral formula), then sum the corresponding volume to get the total volume.  This is an approximate method, ignoring mixing effects and differences in thermodynamic properties of zeolitic versus pure water.  Nevertheless, the method is useful to estimate an approximate molar volume.  The table below shows that by applying this method using the mordenite formula from the qualified data0.ymp.R5 database (adopted in this study), a value close to that given by Chipera and Apps is obtained (within ~ 6%), well within the uncertainty of the THC seepage model results (Section 6.7.2).

Table C.3-1.
Verification of Suitability for Intended Use of the Mordenite Molar Volume from Chipera and Apps (2001 [DIRS 171017], Table 3)
	Mordenite formula:  Ca0.2895Na0.361Al0.94Si5.06O12 3.468H2O(a)

	Mordenite molar volume (cm3/mol):  212.25(b)

	Mole Fraction in Formula
	Oxide
	V (cm3/mol)(a,c)
	V × Mole Fraction (cm3/mol)

	0.2895
	CaO
	16.764
	4.85

	0.47
	Al2O3
	25.575
	12.02

	3.468
	H2O
	18.02
	62.48

	0.1805
	Na2O
	25
	4.51

	5.06
	SiO2
	22.688
	114.80

	
	
	
	sum = 198.66

	
	
	
	% difference = −6.4

	a
From qualified DTN SN0612T0502404.014 [DIRS 178850] (adopted in this study).

b
Value of 1273.5 cm3/mol from Chipera and Apps (2001 [DIRS 171017], Table 3), divided by 6 to reflect a formula on the basis of 12 oxygen atoms instead of 72  (adopted in this study).

c
For H2O, the molar volume is estimated from the molecular weight in DTN:  SN0612T0502404.014 [DIRS 178850] divided by the density of 1 cm3/g approximated from Lide (1993 [DIRS 123032], established fact data).


· Attribute 8:  An assessment of the methods of data collection and development used by Chipera and Apps (2001 [DIRS 171017]) also provides confidence in the zeolite formulae and molar volumes presented in their paper.  The paper is published in the well‑known Reviews in Mineralogy and Geochemistry and presents a scholarly investigation into the stability of zeolite minerals in Yucca Mountain pore waters.  This provides confidence in the data from this source.
C.4
Silica PHASES

C.4.1
Amorphous Silica Log(K) Values from Gunnarsson and Arnórsson 2000 [DIRS 160465]
C.4.1.1
Source of Data
Log(K) values for this study were taken from Gunnarsson and Arnórsson (2000 [DIRS 160465]).  Gunnarsson and Arnórsson (2000 [DIRS 160465], Figure 2) show that their data closely fit experimental amorphous silica solubilities from about 8°C to 300°C.  These data are close to log(K) values for amorphous silica in the qualified database data0.ymp.R5 (DTN:  SN0612T0502404.014 [DIRS 178850]) (Table C.4-1).  However, no values are given in data0.ymp.R5 above 100°C, and the solubility in data0.ymp.R5 below 25°C appears to be underestimated.  The data of Gunnarsson and Arnórsson (2000 [DIRS 160465]) are qualified for intended use in  Section C.4.1.2. 

Calculations of the log(K) values from regression coefficients provided by Gunnarsson and Arnórsson (2000 [DIRS 160465], p. 2295) and conversions to solubilities shown in Table C.4-1 were implemented in spreadsheet amorphous_sio2.xls and submitted to the TDMS under Output DTN:  LB0706DSTHC006.001.

Table C.4-1.
Amorphous Silica Equilibrium Constants and Solubility

	Temperature in (C) >
	0
	25
	60
	100
	150
	200
	250
	300

	Source
	Log(K) for reaction SiO2(s) <==>  SiO2(aq)

	Gunnarsson and Arnórsson 2000 [DIRS 160465]
	−2.947
	−2.714
	−2.445
	−2.202
	−1.971
	−1.802
	−1.684
	−1.605

	data0.ymp.R5
	−3.124
	−2.7136
	−2.4067
	−2.1843
	No data
	No data
	No data
	No data

	 Source
	Solubility in ppm SiO2

	Gunnarsson and Arnórsson 2000 [DIRS 160465]
	68
	116
	216
	378
	643
	947
	1,245
	1,491

	data0.ymp.R5
	45
	116
	236
	393
	No data
	No data
	No data
	No data

	Output DTN:  LB0706DSTHC006.001.


C.4.1.2
Qualification of Amorphous Silica Log(K) Values from Gunnarsson and Arnórsson (2000 [DIRS 160465])  
The log(K) data obtained from Gunnarsson and Arnórsson (2000 [DIRS 160465]) are qualified for intended use with Method 5 of SCI-PRO-001 (Technical Assessment).  These data are considered qualified for intended use based on the following attributes:

· Attribute 1:  The first author of the data, Ingvi Gunnarsson, is a research associate in geology and his research area is chemistry of groundwater.  The second author of this data, Stefán Arnórsson, is a professor in geochemistry.  Both authors are from the Science Institute, University of Iceland.  The qualifications of these authors are comparable to, or exceed, the qualification requirements of personnel generating thermodynamic data under Yucca Mountain Project procedures that support the YMP license application process or postclosure science.

· Attribute 2:  The solubility of amorphous silica was experimentally determined by Gunnarsson and Arnórsson (2000 [DIRS 160465]).  In their experiments, the equilibrium of the amorphous silica solution was approached from (1) undersaturation, (2) supersaturation without silica gel present, and (3) supersaturation with silica gel present, respectively.  The log(K) values for amorphous silica were then calculated using the measured solubilities.  The log(K) values have been corroborated by the authors by comparisons to other data from 11 other sources (see Figure 2 in Gunnarsson and Arnórsson 2000 [DIRS 160465]).  The comparison indicates that significant deviations are observed only for a few old data points (published in 1935) and for temperatures higher than 300°C.  Otherwise, all data from the different sources reviewed by Gunnarsson and Arnórsson agree well.  This comparison supports the technical adequacy of the procedures used by Gunnarsson and Arnórsson to derive their log(K) values.

· Attribute 3:  The amorphous silica solubility measurements of Gunnarsson and Arnórsson (2000 [DIRS 160465]) were conducted from 8°C to 310°C at 1 bar below 100°C and at water saturation pressures at higher temperatures, and therefore their log(K) values derived from these measurements are valid for the same temperature and pressure range.  These temperature and pressure ranges encompass the ranges used in the present report.

· Attribute 8:  The paper by Gunnarsson and Arnórsson (2000 [DIRS 160465]) was published in Geochimica et Cosmochimica Acta.  This journal is considered one of the top peer-reviewed journals in its field.  Papers published in this journal are carefully reviewed by typically at least three independent experts, such that the quality of the paper is assured.
C.4.2
α-Cristobalite Log(K) Values Derived from Fournier and Rowe (1962 [DIRS 124282])

C.4.2.1
Source of Data
Log(K) values for α-cristobalite were derived from solubility measurements by Fournier and Rowe (1962 [DIRS 124282]), which were used by Helgeson et al. (1978 [DIRS 101596]) to derive reference thermodynamic properties for this phase.  These reference properties were then used by others to derive log(K) values in the EQ3/6 database data0.ymp.R0 (DTN:  MO0009THRMODYN.001 [DIRS 152576]), which is qualified.  The same values as in this qualified database are used here.  The differences between these selected data and those in data0.ymp.R5 are small (Table C.4-2).  However, the data selected in the present study reproduce more accurately the original solubility measurements reported by Fournier and Rowe (1962 [DIRS 124282]) (Figure C.4-1).  The qualification of the data from Fournier and Rowe is presented in Section C.4.2.2. 

Conversions of log(K) data to solubilities for Table C.4-2 were implemented in spreadsheet cristobalite-a.xls and submitted to the TDMS under Output DTN:  LB0706DSTHC006.001.

C.4.2.2
Qualification of the Data from Fournier and Rowe (1962 [DIRS 124282])
The solubility measurements of Fournier and Rowe (1962 [DIRS 124282]) are qualified for intended use with Method 5 of SCI-PRO-001 (Technical Assessment).  These data are considered qualified based on the following attributes:

· Attribute 1:  The author of the data, Robert O. Fournier, is a geochemist at the U.S. Geological Survey in Menlo Park, California.  The qualifications of this author are comparable to, or exceed, the qualification requirements of personnel generating thermodynamic data under the Yucca Mountain Project procedures that support the YMP license application process or postclosure science.
· Attribute 8:  Data from Fournier and Rowe (1962 [DIRS 124282]) were published in American Mineralogist by the Mineralogical Society of America.  The Mineralogical Society of America (MSA) was founded in 1919 for the advancement of mineralogy, crystallography, geochemistry, and petrology, and promotion of their uses in other sciences, industry, and the arts.  The MSA is one of the top organizations in its field.  Papers published by the MSA are carefully reviewed by typically at least three independent experts such that the quality of the paper is assured.

· Attribute 2:  The solubility data from Fournier and Rowe (1962 [DIRS 124282]) can be independently verified with data from Rimstidt and Barnes (1980 [DIRS 101708], Table 1).  These authors present a regression equation for the temperature-dependent log(K) values of α-cristobalite (at 1 bar and along the water saturation pressure curve above 100°C):


log(K)α-cristobalite= −0.0321 − 998.2/T
(Eq. C.4-1)
where T is absolute temperature in K.  Log(K) values obtained with Equation C.4-1 were converted to solubility (S in ppm) at different temperatures using the following relationship (assuming ideal solutions):


S = 10log(K) 1000 MWSiO2
(Eq. C.4-2)

where MWSiO2 is the molecular weight of SiO2 (60.084, from the qualified data0.ymp.R5 database; DTN:  SN0612T0502404.014 [DIRS 178850]).  The solubility values obtained in this way are compared in Table 4.7-1 and Figure C.4-1 with the data of Fournier and Rowe (1962 [DIRS 124282]).  These data are also compared with solubilities calculated in the same manner using log(K) values from qualified databases data0.ymp.R0 and data0.ymp.R5.  The data from Rimstidt and Barnes (1980 [DIRS 101708], Table 1) fall very close to the data from Fournier and Rowe (1962 [DIRS 124282]) and from data0.ymp.R0 (DTN: MO0009THRMODYN.001 [DIRS 152576]), thus supporting the adequacy of procedures used to derive the log(K) values selected for this study, as well as the adequacy of the α-cristobalite log(K) values selected for this study.
Table C.4-2.
α-Cristobalite Equilibrium Constants and Solubility

	Temperature in (C) >
	0
	25
	60
	100
	150
	200
	250
	300

	Source
	Log(K) for reaction SiO2(s) <==>  SiO2(aq)

	data0.ymp.R0 (DTN:  MO0009THRMODYN.001 [DIRS 152576])
	−4.0213
	−3.4488
	−2.9921
	−2.6605
	−2.3644
	−2.1326
	−1.9402
	−1.7832

	Data from Rimstidt and Barnes 1980 [DIRS 101708], Table 1
	−3.6486
	−3.3454
	−2.9974
	−2.6797
	−2.3669
	−2.1202
	−1.9207
	−1.7560

	data0.ymp.R5 (DTN:  SN0612T0502404.014 [DIRS 178850])
	−3.5423
	−3.1922
	−2.867
	−2.5887
	−2.3064
	−2.0706
	−1.877
	−1.742

	Source
	Solubility in ppm SiO2

	data0.ymp.R0 (DTN:  MO0009THRMODYN.001 [DIRS 152576])
	6
	21
	61
	131
	260
	443
	690
	990

	Data from Rimstidt and Barnes 1980 [DIRS 101708], Table 1
	13
	27
	60
	126
	258
	456
	721
	1,054

	data0.ymp.R5 (DTN:  SN0612T0502404.014 [DIRS 178850])
	17
	39
	82
	155
	297
	511
	798
	1,088

	Output DTN:  LB0706DSTHC006.001.
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Figure C.4-1.
α-Cristobalite Solubility
C.4.3
Opal-CT Log(K) Values Derived from Fournier (1973 [DIRS 153464])
C.4.3.1
Source of Data
Fournier (1973 [DIRS 153464]) reported on the aqueous solubility of a phase described as “natural sinter with a (-cristobalite x-ray pattern,” derived from a hot spring in Yellowstone National Park.  This was inferred by Walther and Helgeson (1977 [DIRS 133240]) to be a “cryptocrystalline” form of (-cristobalite.  Using the solubility data given graphically by Fournier and their own thermodynamic properties of SiO2(aq), Walther and Helgeson derived thermodynamic properties for this phase, which were subsequently incorporated in a thermodynamic database by Helgeson et al. (1978 [DIRS 101596]).  These data were subsequently used in the development of qualified database data0.ymp.R0 (DTN:  MO0009THRMODYN.001 [DIRS 152576]), all under the name of (-cristobalite.  There can be no doubt that this phase is not (-cristobalite.  Apart from the fact that (-cristobalite is highly unlikely to persist metastably below the (-(-cristobalite transition at 210(C (Richet and Bottinga 1982 [DIRS 160486]), the solubility curve does not even become close to intersecting the (-cristobalite solubility curve at the transition temperature, whether “cryptocrystalline” or not, which it would if it were a true (-cristobalite.

Because the log(K) values for (-cristobalite in data0.ymp.R0 correspond to the solubility measurements by Fournier (1973 [DIRS 153464])  (Figure C.4-2), and thus presumably to measured opal-CT solubilities, these values were adopted in this study for opal-CT.  The choice of these data is also supported by the fact that these log(K) values represent quite well the measured silica solubility at ambient temperatures (typically in the 50 to 60 mg/L range) in most analyses of pore waters in repository host units (e.g., samples from the ECRB (DTN:  GS020408312272.003 [DIRS 160899]); from SD-9 (DTN:  GS041108312272.005 [DIRS 178057]); and from the ESF (DTN:  GS031008312272.008 [DIRS 166570])).  Indeed, opal-CT is one of the most common fracture- and cavity-lining minerals in Yucca Mountain besides calcite (e.g., Whelan et al. 2002 [DIRS 160442]).  Note that the (-cristobalite log(K) values in data0.ymp.R5 yield solubilities that are too high to be representative of opal-CT (Table C.4-3).  The qualification for intended use of Fournier’s solubility data is presented in Section C.4.3.2.  

Conversions of log(K) data to solubilities were implemented in spreadsheet opal-CT.xls and submitted to the TDMS under Output DTN:  LB0706DSTHC006.001.

C.4.3.2
Qualification of Data from Fournier (1973 [DIRS 153464]) 
The solubility measurements of Fournier (1973 [DIRS 153464]) are qualified using Method 5 of SCI-PRO-001 (Technical Assessment).  These data are considered qualified based on the following attributes:

· Attribute 1:  The author of the data, Robert O. Fournier, is a geochemist at the U.S. Geological Survey in Menlo Park, California.  The qualifications of this author are comparable to, or exceed, qualification requirements of personnel generating thermodynamic data under Yucca Mountain Project procedures that support the YMP license application process or postclosure science.
· Attribute 8:  This paper by Fournier (1973 [DIRS 153464]) was published in Proceedings of Symposium on Hydrogeochemistry and Biogeochemistry.  Papers published in these proceedings were carefully reviewed by at least one independent expert such that the quality of the paper is assured.

· Attribute 2:  The data from Fournier (1973 [DIRS 153464]) can be verified using data from Rimstidt and Barnes (1980 [DIRS 101708], Table 1).  These authors present a regression equation for the temperature-dependent log(K) values of (-cristobalite (at 1 bar and along the water saturation pressure curve above 100°C):


log(K) β-cristobalite)= −0.2560−793.6/T
(Eq. C.4-3)
where T is absolute temperature in K.  Using log(K) values calculated with this equation, then converting these values to solubility using Equation C.4-2, yields solubility values in close agreement  with the data of Fournier (1973 [DIRS 153464]).  For temperatures of 25°C and higher, the data are also very close to the data from data0.ymp.R0 (DTN:  MO0009THRMODYN.001 [DIRS 152576]), thus supporting the adequacy of procedures used to derive the log(K) values selected for this study.
Table C.4-3.
Equilibrium Constants and Solubility for “(-cristobalite”

	Temperature in (C) >
	0
	25
	60
	100
	150
	200
	250
	300

	Source
	Log(K) for reaction SiO2(s) <==>  SiO2(aq)

	data0.ymp.R0 (DTN:  MO0009THRMODYN.001 [DIRS 152576])
	−3.501
	−3.005
	−2.627
	−2.358
	−2.118
	−1.926
	−1.765
	−1.632

	Data from Rimstidt and Barnes 1980 [DIRS 101708], Table 1
	−3.1603
	−2.9168
	−2.6374
	−2.3822
	−2.1310
	−1.9329
	−1.7727
	−1.6404

	data0.ymp.R5 (DTN:  SN0612T0502404.014 [DIRS 178850])
	−3.0224
	−2.7488
	−2.5016
	−2.2865
	−2.0599
	−1.8643
	−1.7014
	−1.5907

	 
	Solubility in ppm SiO2

	data0.ymp.R0 (DTN:  MO0009THRMODYN.001 [DIRS 152576])
	19
	59
	142
	263
	458
	712
	1,032
	1,402

	Data from Rimstidt and Barnes 1980 [DIRS  101708], Table 1
	42
	72
	138
	249
	444
	701
	1,041
	1,375

	data0.ymp.R5 (DTN:  SN0612T0502404.014 [DIRS 178850])
	57
	107
	189
	311
	523
	821
	1,195
	1,542

	Output DTN:  LB0706DSTHC006.001.
NOTE:
Bold log(K) values represent the values adopted for opal-CT in this study (see text of Section C.4.3).
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Output DTN:  LB0706DSTHC006.001.

Figure C.4-2.
β-Cristobalite solubility

C.4.4
Tridymite Log(K) Values from the EQ3/6 Database data0.com
C.4.4.1
Source of Data

The tridymite log(K) value at 25°C was taken from the qualified data0.ymp.R5 database (DTN:  SN0612T0502404.014 [DIRS 178850]), reflecting reference data reported by Wagman 
et al. (1982 [DIRS 159216]).  There are no log(K) values for tridymite listed at temperatures other than 25°C in the data0.ymp.R5 database.  However, the 25°C value in this database is the same as that in the EQ3/6 database data0.com (dated 02-aug-1995) (database distributed with EQ3/6 V. 7.2b [DIRS 126891], LLNL:  UCRL-MA-110662), which also lists log(K) values from 0°C to 200°C estimated (from the 25°C data) using a constant enthalpy of reaction with temperature.  The data from data0.com at temperatures other than 25°C were not included in the qualified data0.ymp.R5 database because of uncertainties regarding the constant-enthalpy extrapolation method.  However, as discussed below, the log(K) values for tridymite in this study do not need to be known with great accuracy, such that their uncertainty at elevated temperature is acceptable, at least for the intended use of these data in the present report.  For this reason, the tridymite log(K) values at temperatures different than 25°C were taken directly from the data0.com database.  These log(K) values are qualified for intended use in Section C.4.4.2. 

C.4.4.2
Qualification of the Tridymite Log(K) Values in EQ3/6 Database data0.com
The log(K) values for tridymite in the EQ3/6 database data0.com are qualified using Method 5 of SCI-PRO-001 (Technical Assessment).  These data are considered qualified for intended use based on the following attributes:

· Attribute 1:  The author of the database, Thomas Wolery, is a geochemist at Lawrence Livermore National Laboratory in Livermore, California.  The qualifications of this author are comparable to, or exceed, qualification requirements of personnel generating thermodynamic data under Yucca Mountain Project procedures that support the YMP license application process or postclosure science.

· Attribute 2:  The range of tridymite log(K) values in data0.com is verified using log(K) values for quartz from the qualified project database data0.ymp.R5.  There is little difference in the thermodynamic properties of quartz and tridymite (see DTN:  SN0612T0502404.014 [DIRS 178850]), and thus one would expect the log(K) values of these two phases to be of similar magnitude, and to behave similarly with temperature.  The data in Table C.4-4 show that between 25°C and 100°C (which is about the temperature range for aqueous reactions in this study), the log(K) values for these minerals differ by ~0.1 log(K) units or less.  This difference is considered small, given that the uncertainty in concentrations predicted by the model is up to two orders of magnitude (Section 6.7.2).  As noted earlier, the value at 25°C from data0.com also matches exactly the value in the qualified database data0.ymp.R5, which is consistent with the use of log(K) values from data0.com at temperatures other than 25°C.  These comparisons provide confidence in the adequacy of procedures used to derive the log(K) values selected for this study.  It should also be noted that pore waters generally remain supersaturated with respect to tridymite and this mineral is not allowed to precipitate in the simulations presented in this report.  Also, when tridymite dissolves, which occurs only in zones of high condensation and dilution, its dissolution rate is very small (Appendix H).  Because this mineral is not reacting at equilibrium, the accuracy of the tridymite log(K) values is not critical.  Therefore, justifying the use of these values on the basis that they do not differ much from quartz is reasonable.
The comparison of quartz and tridymite thermodynamic data was summarized in spreadsheet tridymite.xls and submitted to the TDMS under Output DTN:  LB0706DSTHC006.001.

Table C.4-4.
Equilibrium Constants of Tridymite and Quartz

	Temperature in (C) >
	0
	25
	60
	100
	150
	200
	250
	300

	Source
	Log(K) for reaction SiO2(s) <==>  SiO2(aq)

	Tridymite from data0.com (database distributed with EQ3/6 V. 7.2b)
	−4.4254
	−3.8278(a)
	−3.3175
	−2.9063
	−2.4712
	−2.0568
	No data
	No data

	Quartz  from data0.ymp.R5 (DTN: SN0612T0502404.014 [DIRS 178850])
	−4.1605
	−3.7501
	−3.3553
	−3.0132
	−2.6679
	−2.3823
	−2.149
	−1.9822

	Difference in log(K) values
	−0.26
	−0.08
	0.04
	0.11
	0.20
	0.33
	—
	—

	Output DTN: LB0706DSTHC006.001.

(a)
Same value as in qualified database data0.ymp.R5 (DTN: SN0612T0502404.014 [DIRS 178850]).


C.5
Feldspars

The feldspars considered in this study consist of plagioclase and sanidine.  There are no data for mixed feldspars in the project database data0.ymp.R5.  Log(K) values for these phases were derived from regression coefficients of log(K) as a function of temperature presented by Arnórsson and Stefansson (1999 [DIRS 153329]).  The study by these authors can be considered the best recent comprehensive assessment of thermodynamic data for feldspars.  The data from this paper are qualified for intended use in Section C.5.3. 

Calculations of feldspar log(K) values were implemented in spreadsheet ymp-feldspar.xls.  This spreadsheet was submitted to the TDMS under Output DTN:  LB0706DSTHC006.001.

C.5.1.
Plagioclase Log(K) Calculations

The plagioclase composition (Ab76, An17, San7) was taken from Johnson et al. (1998 [DIRS 101630], Table 6) (qualified for intended use in Appendix O, Section O.3).  It is representative of analyses of Yucca Mountain tuffs and corresponds to the formula Na0.76K0.07Ca0.17Al1.17Si2.83O8.  

First, log(K) values were calculated for a solid-solution of low-albite and anorthite, in normalized proportions excluding sanidine (Ab81.72, An18.28).  This was done by linear interpolation of log(K) values obtained from Arnórsson and Stefansson (1999 [DIRS 153329], Table 6, “low” series) for Ab90-An10 and Ab80-An20 compositions.  Log(K) values were thus obtained in this way for a phase without sanidine.  

The log(K) values for pure sanidine were then calculated using the data of Arnórsson and Stefansson (1999 [DIRS 153329], p. 173).  Final log(K) values for the phase Ab76-An17-San7 were then calculated assuming an ideal solution of the Ab-An phase with pure sanidine, using 
the formula:
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(Eq. C.5-1)

where xi and logKi are the molar fractions and log(K) values, respectively, of the Ab-An and pure sanidine phases.  This formula can be easily derived from standard thermodynamic relationships.

Details of this calculation can be found in spreadsheet ymp-feldspar.xls, worksheet “plagioclase.”
C.5.2.
Sanidine Log(K) Calculations

The sanidine composition (San48, Ab47, An5) was calculated by least squares regression using bulk rock composition from DTN:  GS000308313211.001 [DIRS 162015], after subtracting 1% plagioclase and calcite equivalent to CO2 in the rock, as documented in spreadsheet tsw_plag_bulk_rev05.xls.  This composition is representative of Yucca Mountain tuff, and corresponds to the formula Na0.47K0.48Ca0.05Al1.05Si2.95O8.

First, log(K) values were calculated for a solid-solution of sanidine and albite, in normalized proportions excluding anorthite (San50.53, Ab49.47).  This was done by linear interpolation of log(K) values obtained with the data of Arnórsson and Stefansson (1999 [DIRS 153329], Table 4, sanidine series) for San40-Ab60 and San50-Ab50 compositions.  Log(K) values were thus obtained in this way for a phase without anorthite.  

The log(K) values for pure anorthite were then calculated using the data of Arnórsson and Stefansson (1999 [DIRS 153329], p. 173).  Final log(K) values for the phase San48-Ab47-An7 were then calculated assuming an ideal solution of the San-Ab and pure anorthite phases, using Equation C.5-1 as done above for plagioclase.

Details of this calculation can be found in spreadsheet ymp-feldspar.xls, worksheet “sanidine.”
C.5.3.
Qualification of Log(K) Data for Low-albite, Anorthite, and Sanidine from Arnórsson and Stefansson (1999 [DIRS 153329])

Log(K) data for low-albite, anorthite, and sanidine from Arnórsson and Stefansson (1999 [DIRS 153329]) are qualified using Method 5 of SCI-PRO-001 (Technical Assessment).  These data are considered qualified for intended use based on the following attributes:

· Attribute 1:  The first author of these data, Stefán Arnórsson, is a professor of geochemistry from the Science Institute, University of Iceland.  He holds a Ph.D. in geochemistry.  The coauthor of the data, Andri Stefánsson, is from the same university and has a Ph.D. in geology.  His research area is chemistry of groundwater.  Qualifications of these authors are comparable to, or exceed, the qualification requirements of personnel generating thermodynamic data under Yucca Mountain Project procedures that support the YMP license application process or postclosure science.

· Attribute 2:  The regression coefficients to obtain log(K) values as a function of temperature for low-albite, anorthite, sanidine, and their solid solutions were determined from a comprehensive literature review of multiple and reliable measurements on the Gibbs free energy, enthalpy, entropy, heat capacity, and molar volume for the feldspar phases, as shown in Table 1 of the authors’ paper.  These data, listed in their Table 1, mostly corroborate each other and were critically reviewed by the authors.  The best of these data were used by the authors to derive log(K) values as a function of temperature for feldspar phases and solid solutions.  Their detailed analyses provide confidence in the adequacy of procedures used by these authors to derive their log(K) values. 

· Attribute 3:  The regression coefficients and the equation provided by Arnórsson and Stefánsson (1999 [DIRS 153329]) are valid from 0oC to 350oC (at 1 bar and water saturation pressures above 100°C).  These temperature and pressure ranges cover the ranges for simulations in the present report.

· Attribute 8:  The paper by Arnórsson and Stefánsson (1999 [DIRS 153329]) was published in the American Journal of Science.  This journal is considered one of the top peer-reviewed journals in its field.  Papers published in this journal are carefully reviewed by typically at least three independent experts, such that the quality of the paper is assured.
C.6
Zeolites

Zeolites considered in this study include mordenite, stellerite, and clinoptilolite.  Log(K) values for mordenite were taken directly from the qualified database data0.ymp.R5 (DTN:  SN0612T0502404.014 [DIRS 178850]) and are not discussed further.  Log(K) values for clinoptilolite were also taken from this database, although these values were somewhat modified to account for different compositions, as discussed later in this section.  Data for stellerite were modified after the study by Fridriksson et al. (2001 [DIRS 160460]).  The data from this paper are qualified for intended use in Section C.6.3.

Log(K) calculations for these zeolites were implemented in the spreadsheets discussed below and submitted to the TDMS under Output DTN:  LB0706DSTHC006.001.

C.6.1
Clinoptilolite Log(K) Derivation and Sources of Data
Four clinoptilolite phases were considered in this study.  One primary phase, named clinpt‑ym/10, was allowed only to dissolve.  Three separate Na, K, and Ca secondary phases were allowed to precipitate (and possibly redissolve), named clinpt-na/10, clinpt-k/10, and clinpt-ca/10, respectively.  As further explained below, the primary phase is a solid-solution of the other phases reflecting a composition representative of Yucca Mountain tuffs.  This treatment provided the best results for reactive-transport simulation of infiltration at Yucca Mountain under ambient conditions of temperature and pressure, as discussed in Section 6.5.1. 

Log(K) values for Na-, K-, and Ca-clinoptilolite were derived from the values given for these phases in the qualified database data0.ymp.R5 (DTN:  SN0612T0502404.014 [DIRS 178850]).  The data in database data0.ymp.R5 are for phases including iron.  To avoid linking the behavior of clinoptilolite to iron geochemistry, which is only approximately modeled in this study using hematite and goethite, it was judged desirable to consider iron-free clinoptilolite phases.  To do so, the log(K) values given in the database data0.ymp.R5 for iron-bearing clinoptilolite were corrected to represent iron-free phases.  This was done in two stages.  First, the Gibbs free‑energy of formation of iron-bearing clinoptilolite at 25°C and 1 bar was calculated from the log(K) data and Gibbs free-energy values of reaction components given in data0.ymp.R5.  The Gibbs free-energy of formation of each iron-bearing clinoptilolite obtained in this way was then corrected for removal of iron by subtracting a free energy value corresponding to the silicated amount of Fe2O3, then by adding the value corresponding to the same amount of silicated Al2O3.  These silicated values were taken as the free energies of polyhedral oxides reported in the study by Chermak and Rimstidt (1989 [DIRS 105073], Table 2).  Data from this paper are qualified for intended use in Section 6.3.  The corrected free-energy values for iron-free phases 25°C and 1 bar were then converted back to log(K) values using the appropriate reactions excluding iron.  In doing so, the original log(K) data from data0.ymp.R5 for the formulae Na3.467Al3.45Fe0.017Si14.533O36:10.922 H2O, K3.467Al3.45Fe0.017Si14.533O36:10.922 H2O, and Ca1.7335 Al3.45Fe.017Si14.533O36:10.922 H2O were adjusted for respective iron-free formulae Na3.467Al3.467Si14.533O36:10.922 H2O, K3.467Al3.467Si14.533O36:10.922 H2O, and Ca1.7335Al3.467 Si14.533O36:10.922 H2O.  Because the amount of iron removed was very small, the corrections were small, and the log(K) values at temperatures other than 25°C could be mapped after the log(K) variation with temperature for the iron-bearing phases without significant error.  

These calculations were implemented in spreadsheets Ca-clinoptil.xls, Na-clinoptil.xls, and K‑clinoptil.xls.

Log(K) values for the primary clinoptilolite phase were obtained assuming an ideal solid‑solution of the iron-free Na, K, and Ca phases described above, using Equation C.5-1 and Na, K, and Ca proportions as close as possible to the formula given by Chipera and Apps (2001 [DIRS 171017], Table 3, Diagenetic Alteration of Volcanic Tuff), which is representative of Yucca Mountain tuffs.  The formula obtained in this way is:  K0.408Na0.203Ca1.428Al3.467Si14.533O36: 10.922H2O.  These calculations were implemented in spreadsheet ymp_clinoptil.xls.

C.6.2
Stellerite Log(K) Derivation and Sources of Data
Log(K) values for stellerite are given in the data0.ymp.R5 (DTN:  SN0612T0502404.014 [DIRS 178850]).  However, these data were estimated using methods described by Chipera and Apps (2001 [DIRS 171017]) involving summing free-energy contributions from polyhedral oxides (Chermak and Rimstidt 1989 [DIRS 105073], Table 2) and zeolitic water.  The log(K) values estimated in this way appear to overestimate the stability of stellerite relative to albite at equilibrium with Yucca Mountain pore waters, as will be further discussed below.  For these reasons, these data were revised after the study of Fridriksson et al. (2001 [DIRS 160460]) and measured pore-water compositions at Yucca Mountain.  The data from Fridriksson et al. (2001 [DIRS 160460]) are used in Section 6.3.

Fridriksson et al. (2001 [DIRS 160460], Table 4) provide reference thermodynamic data that can be used to compute log(K) values for stellerite as a function of temperature and pressure using SUPCRT92 (SUPCRT92 V1.0 V [DIRS 112017], STN:  10058-1.0-00).  These authors derived their data from experimental studies and field measurements of the solubility of stibnite-stellerite solid-solutions in geothermal waters.  Their reference data for stellerite were calculated using different Gibbs free energies (Helgeson et al. 1978 [DIRS 101596]) for reactants and products than used in this study.  For consistency with their study, SUPCRT92 was used to compute log(K) values for the following reaction, using the same reference data as these authors for all reactants and products: 

Ca2Al4Si14O36·4H2O + 4Na+ <==> 4Na(AlSi3)O8 + 2SiO2 + 2Ca2+ + 14H2O    (Eq. C.6-1)
(stellerite)



(albite)

(quartz)



The log(K) values for Equation C.6-1 obtained with SUPCRT92 were then converted for a reaction expressing the full dissolution of stellerite.  This was done by adding the reactions and log(K) values for albite and quartz dissolution used in the present study to Equation C.6-1, thus obtaining log(K) values for the reaction:


Ca2Al4Si14O36·4H2O  <==> 4AlO2− + 14SiO2 + 2Ca2+ + 4H2O
(Eq. C.6-1)

This first calculation was implemented in spreadsheet stellerite.xls (worksheet:  “pure_stell_logK”).  The SUPCRT92 input and output data for this calculation step were cut‑and-pasted in worksheet “SUPCRT” of this spreadsheet (for reference), and the actual SUPCRT92 data files were included in the output DTN containing the spreadsheet (Output DTN:  LB0706DSTHC006.001).

Chipera and Apps (2001 [DIRS 171017], Table 3, Diagenetic Alteration of Volcanic Tuff) give a composition of stellerite representative of Yucca Mountain tuff containing a small amount of sodium: (Ca3.9Na0.1) Al7.9 Si28.1O72 28(H2O) (qualified for intended use in Appendix O).  This composition was used in the present study, and therefore the log(K) values for Equation C.6-1 had to be revised to incorporate a small amount of sodium in the stellerite formula.  This was accomplished by revising the Gibbs free energy of sodium-free stellerite at 25°C, 1 bar, by adding and subtracting free energy contributions of polyhedral oxides from Chermak and Rimstidt (1989 [DIRS 105073], Table 2), in a similar fashion as described previously for the case of clinoptilolite.  These calculations are implemented in spreadsheet stellerite.xls (worksheet:  “YMP_stell_logK”).  The small amount of sodium added resulted in a small correction.  Because the correction at 25°C is quite small and largely within the data uncertainty, it was applied at all temperatures without considering potential additional temperature effects.

Log(K) values calculated in this manner still appear to make stellerite too stable relative to albite, although to a much lesser degree than the log(K) values in data0.ymp.R5.  This is shown using the equilibrium boundary defined by albite and stellerite, according to the reaction:


7.9NaAlSi3O8 + 3.9Ca2+ + 4.4SiO2(aq) + 28H2O   <==> 

  (albite)



Ca3.9Na0.1Al7.9Si28.1O72 28H2O + 7.8Na+




(stellerite)
(Eq. C.6-2)

Because stellerite is the most common fracture-lining zeolite in repository host units (e.g., Carlos et al. 1995 [DIRS 105213]) it would be expected that the compositions of pore waters at Yucca Mountain fall mostly near the boundary defined by this reaction.  If the equilibrium constant for this reaction is given as log(Keq), and the water and mineral activities are taken as unity, then:

log(Keq) = –3.9 log(aCa2+) + 7.8 log(aNa+) – 4.4 log(aSiO2)
(Eq. C.6-3)

which, after some rearrangement and approximating activities (a) by molalities (m), yields:

log[(mNa+)2 / mCa2+)]  (  0.256 log(Keq) + 1.128 log(mSiO2)
(Eq. C.6-4)

This relationship yields a straight line of the form Y = A + B X where:

X = log(mSiO2)






(Eq. C.6-5)


Y = log[(mNa+)2 / mCa2+)]





(Eq. C.6-6)


A = 0.256 log(Keq)






(Eq. C.6-7)


B = 1.128







(Eq. C.6-8)

Figure C.6-1 shows a plot of this equilibrium boundary using values of log(Keq) at 25°C from three sources:  

(1)
Database data0.ymp.R5 (DTN:  SN0612T0502404.014 [DIRS 178850])

(2)
The value derived after Fridriksson et al. (2001 [DIRS 160460]) as described above

(3)
The value from (2) increased by an amount of 0.7 log(K) units (on the basis of a stellerite formula with 3.6 oxygen atoms).  This log(K) increase was estimated and corresponds to decreasing the Gibbs free energy of stellerite by ~0.2%, a small amount largely within the uncertainty of these data.  

Figure C.6-1 shows that Yucca Mountain pore waters plot much closer to the albite-stellerite equilibrium boundary when the log(K) value from (3) is used than with either (1) or (2).  Furthermore, test THC simulations of infiltration under ambient conditions of temperature and pressure using log(K) values from (1) or (2) yielded unrealistically high amounts of stellerite precipitation, calcite dissolution in fractures (e.g., see Equation 6.5-2 in Section 6.5.1 of the main report), as well as unrealistically elevated CO2 gas partial pressures not supported by field measurements.  For these reasons, selected log(K) values for this study were derived by taking the values determined after Fridriksson et al. (2001 [DIRS 160460]) as described above and increasing these values by the same amount as in (3) at all temperatures.   

These calculations were implemented in spreadsheet stelleritel.xls (worksheet “Adjustment of logK for THC”).  Calculations for Figure C.6-1 were implemented in spreadsheet albite‑stellerite.xls.  
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Figure C.6-1.
Plot of YMP Pore-Water Analyses Relative to the Albite-Stellerite Equilibrium Boundary
C.6.3
Qualification of External Data Used in the Derivation of  Zeolite Log(K) Values

C.6.3.1
Silicated Oxides (Silicated Fe2O3 and Al2O3) from Chermak and Rimstidt (1989 [DIRS 105073])
Free energies of silicated oxides from Chermak and Rimstidt (1989 [DIRS 105073]) are qualified for intended use with Method 5 of SCI-PRO-001 (Technical Assessment).  These data are considered qualified for intended use based on the following attributes:
· Attribute 1:  The first author of the data, John A. Chermak, is a Ph.D. in Geology (geochemistry emphasis).  The coauthor of the data, Donald J. Rimstidt, is a professor of geochemistry.  Both are from the Department of Geological Sciences, Virginia Polytechnic Institute and the State University.  The qualifications of these authors and their organizations are comparable to, or exceed, the qualification requirements of personnel generating thermodynamic data under Yucca Mountain Project procedures that support the YMP license application process or postclosure science.

· Attribute 2:  The Gibbs free energies (∆Gf0) of polyhedral Fe2O3 and Al2O3 were determined using a multiple regression method based on measured Gibbs free energies (using calorimetric measurements) of 34 relevant minerals.  The measurement method of Gibbs free energies, calorimetric measurement, is adequate.  The multiple regression method used to analyze the data is also adequate.  The authors show that the predicted ∆Gf0 using their determined values of ∆Gf0 of silicated oxides are very close to the measured data (the average residual of their regression is only 0.26%; see Table 3 the authors’ paper). 

· Attribute 8:  The paper by Chermak and Rimstidt (1989 [DIRS 105073]) was published in American Mineralogist.  This journal is considered one of the top peer-reviewed journals in its field.  Papers published in this journal are carefully reviewed by typically at least three independent experts, such that the quality of the paper is assured.
C.6.3.2
Stellerite Thermodynamic Data from Fridriksson et al. (2001 [DIRS 160460], 
Table 4)

Reference thermodynamic data from Fridriksson et al. (2001 [DIRS 160460], Table 4), used in the derivation of log(K) values for stellerite, are qualified for intended use with Method 5 of SCI-PRO-001 (Technical Assessment).  These data are considered qualified for intended use based on the following attributes:
· Attribute 1:  The first author of the data, Thráinn Fridriksson, is a geochemist at the National Energy Authority, Iceland.  He earned his Ph.D. from Stanford University in 2003.  Another author of these data, Stefán Arnórsson, is a professor of geochemistry at the Science Institute, University of Iceland.  Qualifications of these authors are comparable to, or exceed, qualification requirements of personnel generating thermodynamic data under Yucca Mountain Project procedures that support the YMP license application process or postclosure science.

· Attribute 2:  Fridriksson et al. (2001 [DIRS 160460], Table 4) provide reference thermodynamic data that can be used to compute log(K) values for stellerite as a function of temperature and pressure using SUPCRT92.  These authors derived their data from experimental studies and field measurements of the solubility of stibnite-stellerite phases in geothermal waters.  The fact that these authors can reproduce solubilities measured in the field by calculations based on reference thermodynamic properties derived from these data provides confidence in the adequacy of the procedures applied to derive these data.  Additional confidence is gained by the analyses presented in Section 6.2, showing that the stellerite Gibbs free energy value obtained from pore-water compositions in the Yucca Mountain repository host units is within about 0.2% of the value reported by Fridriksson et al. (2001 [DIRS 160460], Table 4) (when corrected for consistency in the Gibbs free energy values of reactants and products used by these authors).

· Attribute 8:  The paper by Fridriksson et al. (2001 [DIRS 160460]) was published in Geochimica et Cosmochimica Acta.  This journal is considered one of the top peer‑reviewed journals in its field.  Papers published in this journal are carefully reviewed by typically at least three independent experts, such that the quality of the paper is assured.

C.7
Biotite

Log(K) values for biotite were derived from the values given in the qualified database data0.ymp.R5 (DTN:  SN0612T0502404.014 [DIRS 178850]) for annite and phlogopite, and the solid-solution model described by Kerrick and Darken (1975 [DIRS 180314]).  Using this model, the activities of the annite (KFe3AlSi3O10(OH)2) and phlogopite (KAlMg3Si3O10(OH)2) endmembers are calculated as aannite= xFe3 and aphlogopite = xMg3, respectively, where x denotes mole fraction in the solid solution.  Log(K) values for the mixed phase are then computed using the formula:
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(Eq. C.7-1)

where xi, logKi, and ai are the mole fractions, log(K) values, and activities,  respectively, of the solid-solution endmembers. 

This approach was applied using a biotite composition from Johnson et al. (1998 [DIRS 101630], Table 6), K(Fe0.57,Mg0.43)3AlSi3O10(OH)2, representative of Yucca Mountain tuff (qualified for intended use in Appendix O, Section O.3).  Switching the aluminum primary species from Al3+ to AlO2−, the biotite dissolution reaction becomes:

K(Fe0.57,Mg0.43)3AlSi3O10(OH)2 + 6H+ <==>

1.71Fe2+ + 1.29Mg2+ + K+ + AlO2− + 3SiO2 + 4H2O

(Eq.C.7-2)

By combining Equation C.7-2 with the following oxidation reaction:

Fe2+ + 0.25O2(g) <==> Fe3+ + 0.5H2O
(Eq. C.7-3)

and switching primary Fe(III) species from Fe3+ to HFeO2(aq), one obtains: 


K(Fe0.57,Mg0.43)3AlSi3O10(OH)2 + 2.58H+  + 0.43O2(g)  <==> 
1.71HFeO2(aq) + 1.29 Mg2+ + K+ + 3SiO2(aq) + 1.44H2O + AlO2−
(Eq. C.7-4)

Conditions in the vadose zone at Yucca Mountain are oxidizing.  Under such conditions, the oxygen fugacity is expected to remain near the atmospheric value of 10−0.7 bar.  To avoid explicitly modeling redox, the reaction expressed by Equation C.7-4 is assumed to always remain buffered at an O2 fugacity of 10−0.7 bar.  This is done by defining an effective reaction for an “oxidized biotite”, biotite-ox, which takes the same form as Equation C.7-3 but with the O2 term ignored, and with oxygen imbedded as an implicit reactant by adding the value of (−0.43)×(−0.7) to the log(K) values of  Equation C.7-4.  

The calculations are implemented in spreadsheet biotite.xls submitted with files accompanying this report under Output DTN:  LB0706DSTHC006.001.  Worksheet “biotite-Fe(II)” documents the calculation of log(K) values for Equation C.7.-2.  Worksheet “biotite-ox” documents the calculation of log(K) values for “oxidized biotite” as described above.  Log(K) values for Equation C.7-4 were obtained by combining the values for Equation C.7-2 (from worksheet “biotite-Fe(II)”) with log(K) data from the qualified database data0.ymp.R5 (DTN:  SN0612T0502404.014 [DIRS 178850]) for Equation C7-3 and the conversion from Fe3+ to HFeO2(aq).  

The log(K) values for biotite and “oxidized biotite” calculated as described above are considered justified for use in this study on the basis of reliability of the data sources.

C.8
Rhyolitic glass

All calculations supporting the composition and log(K) values for the rhyolitic glass used in this study were implemented in spreadsheets accompanying this report and submitted to the TDMS under Output DTN:  LB0706DSTHC006.001.  Input and output files of supporting calculations using SUPCRT92 were also submitted to the TDMS under the same DTN.

C.8.1
Glass Composition

The glass composition was taken from electron microprobe analyses of a Yucca Mountain vitrophyre reported by Bish et al. (1996 [DIRS 101430], Table 1) (sample GU-3 1195C) (qualified for intended use in Appendix O, Section O.3).  Oxides TiO2 and BaO, which make up only 0.15 wt % of the total glass composition, were ignored because titanium and barium are not included in the geochemical system being modeled.  From these analyses, the composition of the glass in terms of oxide mole fractions and the glass stoichiometric formula were determined 
as follows:

(1)
In absence of analyses for ferric iron and to account for fully oxidized conditions,  ferrous iron (FeO) was stoichiometrically replaced with ferric iron (Fe2O3).

(2)
The weight-percent analysis was normalized to 100% and then converted to a 
mole basis by dividing the weight percent by molecular weights (from DTN:  SN0612T0502404.014 [DIRS 178850]).

(3)
Water molecules were associated with Al2O3 to form amorphous aluminum 
hydroxide in stoichiometric amounts consistent with the reaction Al2O3 + 3H2O = 2 Al(OH)3(am).

(4)
Oxide and hydroxide mole fractions were then computed by normalizing the molar amounts to unity.

(5)
Stoichiometric amounts of components (e.g., Al, Ca, H, O, etc.) in the glass were 
then obtained by multiplying the oxide/hydroxide mole fractions by the stoichiometric amount of each component in the corresponding oxide and summing identical components. 

These calculations were implemented in spreadsheet glass_logKrev.xls (worksheet:  “composition”).  The resulting glass composition yields the following glass formula and dissolution reaction:
Si0.8016Al0.1581Na0.0745K0.0796Ca0.0022Mg0.0003Fe0.0074H0.2166O2.0393 + 0.001 H+  <==> 

(Glass)


0.8016 SiO2(aq) + 0.1581 AlO2− + 0.0745 Na+ + 0.0796 K+ 




+ 0.0022 Ca2+ + 0.0003 Mg2+ + 0.0074 HFeO2 + 0.1051 H2O
(Eq. C.8-1)

C.8.2
Determination of Glass Log(K) Values

Calculations of log(K) values for Equation C.8-1 are based on a theoretical approach originally proposed by Paul (1977 [DIRS 160485]) that considered the glass as an oxide mixture.  Thus, the solubility of the material can be estimated from the ideal solid solution relation:
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(Eq. C.8-2)

where xi and Ki are the molar fractions and solubility products, respectively, of the glass‑constituting oxides and hydroxides (Table C.8-1).  This method of estimating solubility products of borosilicate and aluminosilicate glasses has already been successfully applied by Bourcier (1992 [DIRS 101562]) and Advocat et al. (1998 [DIRS 160446]), as well as by Leturcq et al. (1999 [DIRS 160480]).  Techer et al. (2001 [DIRS 160501]) also obtained a good result using the same approach to model the dissolution of synthetic basaltic glass at 90(C.

Values of log(Ki) for use with Equation C.8-1 were taken from qualified sources shown in Table C.8-1.  Maier-Kelley heat capacity regression coefficients a, b, and c for amorphous Al(OH)3, for use in SUPCRT92 calculations, were obtained by regressing heat capacities reported in Thermochemical Data of Pure Substances (Barin and Platzki 1995 [DIRS 157865], p. 55).  This two-volume compilation was published by ACH Publishers, New York, in 1995 as the third edition, and is considered a handbook of thermochemical data.  Therefore, the 
heat capacities of amorphous Al(OH)3 are considered established fact data and not subject to further qualification.

The regression of heat-capacity data for amorphous Al(OH)3 was accomplished in spreadsheet Al(OH)3regression.xls using the tools/data_analysis/regression Excel function.

The log(K) values for the glass were then calculated at each temperature using Equation C.8-1 with the oxide mole fractions (xi) and log(Ki) values determined above.  Values obtained in this way are considered justified for use in this study on the basis of reliability of the data sources and prior uses of similar methods.

Table C.8-5.
Oxide and Hydroxide Dissociation Reactions Used for Glass Log(K) Calculation

	Solid
	Reaction
	Log(K) Source

	SiO2(am)
	SiO2(am) <==> SiO2(aq)
	Gunnarsson and Arnórsson (2000 [DIRS 160465])

	Al2O3 (corundum)
	Al2O3 + H2O <==> 2AlO2− + 2H+
	data0.ymp.R5a

	Al(OH)3(am)
	Al(OH)3(am) <==>  AlO2− + H2O + H+
	Calculatedb

	Na2O
	Na2O + 2H+ <==> 2Na+ + H2O
	data0.ymp.R5a

	K2O
	K2O + 2H+ <==> 2K+ + H2O
	data0.ymp.R5a

	CaO (lime)
	CaO + 2H+ <==> Ca2+ + H2O
	data0.ymp.R5a

	MgO (periclase)
	MgO + 2H+ <==> Mg2+ + H2O
	data0.ymp.R5a

	Fe2O3 (hematite)
	Fe2O3 + H2O <==> 2HFeO2
	data0.ymp.R5a

	a
Project database data0.ymp.R5 (DTN:  SN0612T0502404.014 [DIRS 178850]).

b
Calculated using SUPCRT92 and reference data from Barin and Platzki (1995 [DIRS 157865]) for Al(OH)3(am), and from data0.ymp.R5 (DTN:  SN0612T0502404.014 [DIRS 178850]) for reaction products.


C.9
Changes between preliminary and finaL Versions of database DATA0.YMP.R5 Affecting this report

The version of database data0.ymp.R5 (DTN:  SN0610T0502404.013 [DIRS 178113]) used in this study was preliminary and has been superseded with the version archived in DTN:  SN0612T0502404.014 [DIRS 178850].  For the geochemical species, minerals, and gases used in this study, changes from DTN:  SN0610T0502404.013 [DIRS 178113] to DTN:  SN0612T0502404.014 [DIRS 178850] only affected the log(K) values for HSiO3−, as shown in Table C-2.  The differences in log(K) values shown in Table C-2 for this species are quite small and decrease with temperature.  The net effect is a slightly higher pK for the dissociation of SiO2(aq) in this study, by about 0.3 pH units at 25°C to less than 0.1 pH units at 100°C compared to the more recent data.  These differences do not affect significantly speciation results at pH values below the pK for SiO2(aq) dissociation, which is around 10 at 25°C and around 9 at 100°C.  In addition, these differences are small compared to the spread in model results discussed in Section 6.7.2 of the main report, which shows standard deviations in pH around ±0.3 to 0.8 units at times when pH is in the range of the pK for SiO2(aq) dissociation (during the boiling period).  At other times, pH values remain significantly below 9, thus significantly below the pK for SiO2(aq) dissociation.  Given these considerations, the 
revisions from DTN:  SN0610T0502404.013 [DIRS 178113] to DTN:  SN0612T0502404.014 [DIRS 178850] are deemed inconsequential for this study.  

Another difference to point out between the preliminary and final version of database data0.ymp.R5 is that molecular weights for derived species and minerals were not included in the final database.  However, the molecular weights for derived species and minerals can be easily checked from the molecular weights of component species given in the final database.  

Finally, using the four starting water chemistries input into the THC seepage model (listed in Table 6.2-1 of the main report), equilibrium speciation computations using EQ3/6 Version 8.1 (EQ3/6 V8.1 [DIRS 176889], STN:  10813-8.1-00) were carried out at 100°C and 25°C, and CO2 partial pressure of 10−3 bar.  The purpose of the analysis was to compare equilibrium speciation between the preliminary and final versions of data0.ymp.R5 (DTNs:  SN0610T0502404.013 and SN0612T0502404.014 [DIRS 178850]).  The results were submitted to the TDMS under Output DTN:  MO0706SPECOMPA.000 and confirm that differences in results from the changes between these database versions are quite small and well below the uncertainty of the model results discussed in Section 6.7.2.
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APPENDIX D

WASTE PACKAGE AVERAGE HEAT TRANSFER
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Table D-1.
Waste Package Average Heat Transfer
	Time
(years)
	Total Heat
(no ventilation)
(W/m)
	Model Heat Load
(W/m)

	0
	1450.000
	174.000

	1
	1400.000
	168.000

	2
	1360.000
	163.200

	3
	1320.000
	158.400

	4
	1290.000
	154.800

	5
	1260.000
	151.200

	6
	1230.000
	147.600

	7
	1210.000
	145.200

	8
	1180.000
	141.600

	9
	1160.000
	139.200

	10
	1130.000
	135.600

	11
	1110.000
	133.200

	12
	1090.000
	130.800

	13
	1070.000
	128.400

	14
	1050.000
	126.000

	15
	1030.000
	123.600

	16
	1010.000
	121.200

	17
	993.000
	119.160

	18
	976.000
	117.120

	19
	960.000
	115.200

	20
	944.000
	113.280

	21
	927.000
	111.240

	22
	910.000
	109.200

	23
	895.000
	107.400

	24
	881.000
	105.720

	25
	867.000
	104.040

	26
	853.000
	102.360

	27
	838.000
	100.560

	28
	824.000
	98.880

	29
	811.000
	97.320

	30
	799.000
	95.880

	31
	786.000
	94.320

	32
	773.000
	92.760

	33
	761.000
	91.320

	34
	749.000
	89.880

	35
	738.000
	88.560

	36
	726.000
	87.120

	37
	715.000
	85.800

	38
	704.000
	84.480

	39
	694.000
	83.280

	40
	684.000
	82.080

	41
	673.000
	80.760

	42
	663.000
	79.560

	43
	653.000
	78.360

	44
	644.000
	77.280


	Table D-1.
Waste Package Average Heat Transfer (Continued)

	Time
(years)
	Total Heat
(no ventilation)
(W/m)
	Model Heat Load
(W/m)

	45
	635.000
	76.200

	46
	626.000
	75.120

	47
	617.000
	74.040

	48
	608.000
	72.960

	49
	600.000
	72.000

	50
	592.000
	71.040

	50.001
	592.000
	592.000

	51
	584.000
	584.000

	52
	576.000
	576.000

	53
	568.000
	568.000

	54
	560.000
	560.000

	55
	553.000
	553.000

	56
	546.000
	546.000

	57
	538.000
	538.000

	58
	531.000
	531.000

	59
	525.000
	525.000

	60
	518.000
	518.000

	61
	511.000
	511.000

	62
	505.000
	505.000

	63
	499.000
	499.000

	64
	493.000
	493.000

	65
	487.000
	487.000

	66
	481.000
	481.000

	67
	475.000
	475.000

	68
	469.000
	469.000

	69
	464.000
	464.000

	70
	459.000
	459.000

	71
	453.000
	453.000

	72
	448.000
	448.000

	73
	443.000
	443.000

	74
	438.000
	438.000

	75
	433.000
	433.000

	76
	429.000
	429.000

	77
	424.000
	424.000

	78
	419.000
	419.000

	79
	415.000
	415.000

	80
	410.000
	410.000

	81
	406.000
	406.000

	82
	402.000
	402.000

	83
	398.000
	398.000

	84
	394.000
	394.000

	85
	390.000
	390.000

	86
	386.000
	386.000

	87
	382.000
	382.000

	88
	378.000
	378.000

	89
	375.000
	375.000

	90
	371.000
	371.000

	91
	368.000
	368.000

	92
	364.000
	364.000

	93
	361.000
	361.000

	94
	358.000
	358.000

	95
	355.000
	355.000

	96
	351.000
	351.000

	97
	348.000
	348.000

	98
	345.000
	345.000

	99
	343.000
	343.000

	100
	340.000
	340.000

	110
	314.000
	314.000

	120
	293.000
	293.000

	130
	274.000
	274.000

	140
	258.000
	258.000

	150
	244.000
	244.000

	160
	234.000
	234.000

	170
	224.000
	224.000

	180
	215.000
	215.000

	190
	207.000
	207.000

	200
	200.000
	200.000

	250
	175.000
	175.000

	300
	158.000
	158.000

	350
	144.000
	144.000

	400
	133.000
	133.000

	450
	124.000
	124.000

	500
	116.000
	116.000

	550
	109.000
	109.000

	600
	102.000
	102.000

	650
	96.500
	96.500

	700
	91.200
	91.200

	750
	86.400
	86.400

	800
	82.000
	82.000

	850
	78.000
	78.000

	900
	74.300
	74.300

	950
	70.900
	70.900

	1,000
	67.700
	67.700

	1,500
	46.700
	46.700

	2,000
	36.600
	36.600

	2,500
	31.500
	31.500

	3,000
	28.700
	28.700

	3,500
	27.000
	27.000

	4,000
	25.700
	25.700

	4,500
	24.700
	24.700

	5,000
	23.800
	23.800

	5,500
	22.900
	22.900

	6,000
	22.100
	22.100

	6,500
	21.400
	21.400

	7,000
	20.700
	20.700

	7,500
	20.000
	20.000

	8,000
	19.400
	19.400

	8,500
	18.800
	18.800

	9,000
	18.200
	18.200

	9,500
	17.600
	17.600

	10,000
	17.100
	17.100

	15,000
	12.800
	12.800

	20,000
	9.950
	9.950

	25,000
	7.980
	7.980

	30,000
	6.580
	6.580

	35,000
	5.520
	5.520

	40,000
	4.720
	4.720

	45,000
	4.080
	4.080

	50,000
	3.580
	3.580

	55,000
	3.170
	3.170

	60,000
	2.810
	2.810

	65,000
	2.530
	2.530

	70,000
	2.280
	2.280

	75,000
	2.070
	2.070

	80,000
	1.880
	1.880

	85,000
	1.730
	1.730

	90,000
	1.620
	1.620

	95,000
	1.500
	1.500

	100,000
	1.390
	1.390

	Source DTN:
MO0702PASTREAM.001 [DIRS 179925], worksheet:  
“decay curves.”
Output DTN:  LB0706DSTHC006.002.

NOTE:
Point at 50.001 years was interpolated between original data points at 50 and 55 years.  From 0 to 50 years:  Model Heat Load = Total Heat ( (1 to 0.88) (88% heat removal; rounded value after values in DTN:  MO0701VENTCALC.000 [DIRS 179085] for a 600-m drift).


APPENDIX E

EFFECTIVE THERMAL CONDUCTIVITY FOR IN-DRIFT OPEN SPACES
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Table E-1.
Effective Thermal Conductivity for In-Drift Open Spaces during Preclosure
	Time
	Factor

	(sec)
	(year)
	

	3.15360E+03
	0.0
	0.395

	3.15360E+07
	1.0
	0.777

	4.73040E+07
	1.5
	0.825

	6.30720E+07
	2
	0.856

	9.46080E+07
	3
	0.898

	1.26144E+08
	4
	0.921

	1.57680E+08
	5
	0.939

	1.89216E+08
	6
	0.955

	2.20752E+08
	7
	0.966

	2.52288E+08
	8
	0.975

	2.83824E+08
	9
	0.982

	3.15360E+08
	10
	0.988

	3.46896E+08
	11
	0.993

	3.78432E+08
	12
	0.997

	4.73040E+08
	15
	1

	6.30720E+08
	20
	0.993

	7.88400E+08
	25
	0.977

	8.19936E+08
	26
	0.974

	8.51472E+08
	27
	0.97

	9.46080E+08
	30
	0.958

	1.10376E+09
	35
	0.936

	1.26144E+09
	40
	0.915

	1.57680E+09
	50
	0.879

	Source:
DTN:  SN0002T0872799.009 [DIRS 153364], file:  tough2-input_noBF.txt in zip file effKth_noBF.zip.

NOTES:
Kthermal is calculated as Max. Kthermal ( Factor.


Maximum Kthermal (W/m-K) = 10.568.


Table E-2.
Effective Thermal Conductivity for In-Drift Open Spaces during Postclosure (no backfill)
	Time
	Factor

	(sec)
	(years)
	Inner
	Outer

	1.57680E+09
	50
	0.879
	0.879

	1.608336E+09
	51
	0.844
	0.829

	1.639872E+09
	52
	0.892
	0.878

	1.734480E+09
	55
	0.951
	0.944

	1.892160E+09
	60
	0.988
	0.986

	2.049840E+09
	65
	1
	1

	2.207520E+09
	70
	0.995
	0.998

	2.365200E+09
	75
	0.985
	0.99

	2.396736E+09
	76
	0.983
	0.988

	2.428272E+09
	77
	0.981
	0.986

	2.522880E+09
	80
	0.973
	0.98

	2.838240E+09
	90
	0.954
	0.963

	3.153600E+09
	100
	0.932
	0.943

	3.185136E+09
	101
	0.929
	0.941

	3.311280E+09
	105
	0.918
	0.929

	3.468960E+09
	110
	0.905
	0.917

	3.784320E+09
	120
	0.882
	0.896

	4.099680E+09
	130
	0.872
	0.886

	4.415040E+09
	140
	0.864
	0.879

	5.045760E+09
	160
	0.852
	0.869

	5.676480E+09
	180
	0.839
	0.857

	6.307200E+09
	200
	0.83
	0.849

	6.937920E+09
	220
	0.818
	0.838

	7.884000E+09
	250
	0.798
	0.818

	9.460800E+09
	300
	0.763
	0.784

	1.103760E+10
	350
	0.736
	0.758

	1.261440E+10
	400
	0.707
	0.729

	1.419120E+10
	450
	0.689
	0.711

	1.576800E+10
	500
	0.677
	0.7

	1.734480E+10
	550
	0.672
	0.694

	1.892160E+10
	600
	0.667
	0.69

	2.207520E+10
	700
	0.656
	0.68

	2.522880E+10
	800
	0.646
	0.67

	2.838240E+10
	900
	0.637
	0.661

	3.153600E+10
	1,000
	0.627
	0.651

	3.468960E+10
	1,100
	0.619
	0.643

	3.784320E+10
	1,200
	0.611
	0.635


Table E-2.
Effective Thermal Conductivity for In-Drift Open Spaces during Postclosure (No Backfill) (Continued)
	Time
	Factor

	(sec)
	(years)
	Inner
	Outer

	4.099680E+10
	1,300
	0.602
	0.626

	4.415040E+10
	1,400
	0.592
	0.616

	4.730400E+10
	1,500
	0.582
	0.605

	5.045760E+10
	1,600
	0.574
	0.597

	5.676480E+10
	1,800
	0.559
	0.583

	6.307200E+10
	2,000
	0.543
	0.566

	6.937920E+10
	2,200
	0.533
	0.555

	7.884000E+10
	2,500
	0.519
	0.541

	9.460800E+10
	3,000
	0.503
	0.523

	1.103760E+11
	3,500
	0.491
	0.51

	1.261440E+11
	4,000
	0.48
	0.499

	1.419120E+11
	4,500
	0.472
	0.491

	1.576800E+11
	5,000
	0.465
	0.484

	1.892160E+11
	6,000
	0.453
	0.471

	2.207520E+11
	7,000
	0.444
	0.461

	2.522880E+11
	8,000
	0.436
	0.452

	3.153600E+11
	10,000
	0.422
	0.438

	4.730400E+11
	15,000
	0.395
	0.411

	6.307200E+11
	20,000
	0.378
	0.393

	9.460800E+11
	30,000
	0.354
	0.367

	1.261440E+12
	40,000
	0.341
	0.354

	1.576800E+12
	50,000
	0.333
	0.346

	1.892160E+12
	60,000
	0.326
	0.339

	2.522880E+12
	80,000
	0.318
	0.33

	3.153600E+12
	100,000
	0.314
	0.325

	Source:
DTN:  SN0002T0872799.009 [DIRS 153364], file: tough2-input_noBF.txt in zip file effKth_noBF.zip.

NOTES:
Kthermal is calculated as Max. Kthermal ( Factor.


Maximum Kthermal (W/m-K) Inner = 2.298, Outer = 14.407.
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Table F-1.
Parameters for Fracture Permeability Modification

	Rock Unit
	bg (m)a
	s (m-1)a

	tcw11
	1.5385E-02
	0.1087E+01

	tcw12
	1.2696E-03
	0.5240E+00

	tcw13
	3.4483E-03
	0.3580E+00

	ptn21
	9.2000E-03
	0.1493E+01

	ptn22
	7.0922E-03
	0.2174E+01

	ptn23
	1.2000E-03
	0.1754E+01

	ptn24
	2.9412E-02
	0.2174E+01

	ptn25
	5.0459E-03
	0.1923E+01

	ptn26
	8.7079E-04
	0.1031E+01

	tsw31
	1.2953E-03
	0.4610E+00

	tsw32
	2.5857E-03
	0.8930E+00

	tsw33
	1.3063E-03
	0.1235E+01

	tsw34
	6.2777E-04
	0.2310E+00

	tsw35
	9.9174E-04
	0.3160E+00

	tsw3[67]
	1.0561E-03
	0.2490E+00

	tsw38
	8.2459E-04
	0.2290E+00

	tsw39
	1.4576E-03
	0.1042E+01

	ch1VI
	2.0333E-03
	0.1000E+02

	ch[23456]VI
	1.7907E-03
	0.7143E+01

	ch[2345]Ze
	8.6047E-04
	0.7143E+01

	ch6
	1.7907E-03b
	0.2500E+02

	pp4
	8.6047E-04
	0.7143E+01

	pp3
	1.5902E-03
	0.5000E+01

	pp2
	1.5902E-03
	0.5000E+01

	pp1
	8.6047E-04
	0.7143E+01

	bf3
	1.5902E-03
	0.5000E+01

	bf2
	8.6047E-04
	0.7143E+01

	a
Some values may show very small, inconsequential differences from the source values as a result of round-off error when transcribing these data from original sources.  The effect on model results would be orders of magnitude smaller than the spread in model results discussed in Section 6.7.2.

b
This value was inadvertently taken for the vitric instead of the zeolitic unit (1.4545E-03 m).  This difference is inconsequential and does not affect the model results presented in this report for areas in the near field because it applies to a hydrogeologic unit ~190 m below the modeled drift.  In addition, the local effect on model results ~190 m below the drift would be orders of magnitude smaller than the spread in model results discussed in Section 6.7.2.

NOTE:
The calculation and use of the bg and s parameters are presented in Section 6.4.4.2.  Parameter bg is the geometric fracture aperture calculated using Equation 6.4-35, as reported in spreadsheet minabund_areas_rev05_final_c1.xls (parameter a in sheet 3), submitted to the TDMS under Output DTN LB0707DSTHC006.003.  Parameter s is equal to the fracture spacing in Equation 6.4-34, the inverse of the fracture frequency (derived from DTN:  LB0205REVUZPRP.001 [DIRS 159525]).


INTENTIONALLY LEFT BLANK

APPENDIX G

LIST OF MODEL OUTPUT DTNs

INTENTIONALLY LEFT BLANK

Table G-1.
List of Model Output DTNs

	DTN
	Description
	Report Sections

	Summary of model results

	LB0704DSTHONLY.001
	TH simulations, summary spreadsheets of simulation results
	6.5.5.2

	LB0705DSTHC001.001
	THC simulations using water W0: summary spreadsheets of predicted concentrations, initial water composition and speciation 
	6.5.5, 6.6

	LB0705DSTHC002.001
	THC simulations using water W8: summary spreadsheets of predicted concentrations, initial water composition and speciation
	6.5.5

	LB0705DSTHC003.001
	THC simulations using water W9: summary spreadsheets of predicted concentrations, initial water composition and speciation
	6.5.5

	LB0705DSTHC004.001
	THC simulations using water W10: summary spreadsheets of predicted concentrations, initial water composition and speciation
	6.5.5

	LB0705DSTHC020.001
	THC simulations using water W0 for model sensitivity analyses (to time discretization): summary spreadsheets of predicted concentrations and gas partial pressure around drift
	6.6.1

	LB0705DSTHC021.001
	THC simulations using water W0 for model sensitivity analyses (to model revisions): summary spreadsheets of predicted concentrations and gas partial pressure around drift
	6.6.2

	LB0705DSTHC022.001
	THC simulations using water W0 for model sensitivity analyses (to dryout mineral assemblage): summary spreadsheets of predicted concentrations and gas partial pressure around drift
	6.6.4

	LB0705DSTHC023.001
	THC simulations using water W0 for model sensitivity analyses (to CO2 transport): summary spreadsheets of predicted concentrations and gas partial pressure around drift
	6.6.3

	LB0705DSTHC024.001
	THC simulations using water W0, for model sensitivity analyses (to mineral reaction rates): summary spreadsheets of predicted concentrations and gas partial pressure around drift
	6.6.5

	Steady-state flow field simulations, TOUGHREACT V3.1.1 input and output files

	LB0704DSSSTFLW.002
	Steady-state flow field simulations 
	6.5.5

	TH simulations, TOUGHREACT V3.1.1 input and output files 

	LB0704DSTHONLY.002
	TH simulations for repository center (design drift spacing 81 m) and repository edge (effective drift spacing 162 m)
	6.5.5.2

	THC simulations, TOUGHREACT V3.1.1 input and output files

	LB0705DSTHC001.002
	THC simulation using water W0: three simulations, i.e., (1) repository center (design drift spacing 81m), 
(2) repository edge (effective drift spacing 162 m), and (3) ambient (without drift, without heat load)  
	6.5.5

	LB0705DSTHC002.002
	THC simulation using water W8: three simulations, i.e., (1) repository center (design drift spacing 81m), 
(2) repository edge (effective drift spacing 162 m), and (3) ambient (without drift, without heat load)  
	6.5.5

	LB0705DSTHC003.002
	THC simulation using water W9: three simulations, i.e., (1) repository center (design drift spacing 81m), 
(2) repository edge (effective drift spacing 162 m), and (3) ambient (without drift, without heat load)  
	6.5.5

	LB0705DSTHC004.002
	THC simulation using water W10: three simulations, i.e., (1) repository center (design drift spacing 81m), (2) repository edge (effective drift spacing 162 m), and (3) ambient (without drift, without heat load)  
	6.5.5


Table G-1.
List of Model Output DTNs (Continued)
	DTN
	Description
	Report Sections

	LB0705DSTHC005.002
	THC simulations of Drift Scale Test for model validation:  seven simulations with waters W0 and W10, including steady-state SD-9 one-dimensional simulation
	Chapter 7

	LB0705DSTHC020.002
	THC simulations using water W0 for sensitivity analyses (to time discretization):  three simulations are included, i.e., (1) time-step size is constrained by Courant limitation; (2) maximum time-step size is 15 days for 0 to 50 years, 30 days for 50 to 600 years and 60 days for 600 to 2,000 years; and (3) maximum time step is 15 days for 0 to 2,000 years.  
	6.6.1; 6.6.2

	LB0705DSTHC021.002
	THC simulations using water W0 for sensitivity analyses (to model revisions):  two simulations are included, i.e., (1) with consideration of calcite supersaturation gap; (2) with higher boundary CO2 partial pressure (10−2.5 bar)
	6.6.2

	LB0705DSTHC022.002
	THC simulations using water W0 for sensitivity analyses (to dryout mineral assemblage):  two simulations with different dryout mineral assemblages are included
	6.6.4

	LB0705DSTHC023.002
	THC simulations using water W0 for sensitivity analyses (to CO2 transport):  three simulations are included, i.e., (1) CO2 diffusion coefficient increased by a factor of ~2.6; (2) CO2 diffusion coefficient increased by a factor of ~10; and (3) gas phase relative permeability for TSw units is calculated using Corey function
	6.6.3

	LB0705DSTHC024.002
	THC simulations using water W0 for sensitivity analyses (to mineral reaction rates):  two simulations are included, i.e., (1) kinetic rate constants of some minerals are 2 to 3 orders of magnitudes higher than the base case;  (2) kinetic rate constants of some minerals are 2 to 3 orders of magnitudes higher than the base case and run under ambient condition.
	6.6.5

	Development calculations for inputs

	LB0706DSTHC006.001
	Thermodynamic data calculation spreadsheets
	Appendix C

	LB0706DSTHC006.002
	Heat load calculation  spreadsheets
	Appendix D

	LB0707DSTHC006.003
	Mineralogy, volume fractions, and surface areas calculation spreadsheets
	Appendices A and B

	MO0706SPECOMPA.000
	EQ3/6 calculations for verification of database upgrade effect
	Appendix C (see C.9)

	Statistical analyses of variability in predicted concentrations

	LB0705DSTHC008.001
	Calculation of standard deviations, minimum, maximum, and average values for predicted water/gas compositions
	Section 6.7.2

	THC seepage model grid development

	LB0706DSTHC009.001
	Numerical grid-construction related files
	Appendices J and K

	CO2 concentrations during the DST

	LB0708DSTCO207.001
	Standardization of CO2 concentrations 
	Appendix M
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H.1
Introduction

This appendix documents the kinetic data used in the THC seepage model.  This appendix also serves as the qualification of these data for intended use in the report, following the qualification plan presented in Appendix N (Section N.4), and discussed in detail in Section H.3.
The experimental mineral dissolution-rate constants and activation energies in this report are taken from papers published in peer-reviewed journals, and therefore they have already undergone a peer review by several experts in this field of study.  Four of the referenced studies were done with YMP support, and one was done with support from the U.S. Nuclear Regulatory Commission; these studies are those reported by Carroll et al. (1998 [DIRS 124275]), Murphy 
et al. (1996 [DIRS 142167]), Ragnarsdóttir (1993 [DIRS 126601]), and Renders et al. (1995 [DIRS 107088]).  

H.2
SUMMARY OF EXPERIMENTAL MINERAL DISSOLUTION-RATE CONSTANTS AND ACTIVATION ENERGIES

The dissolution rate constants (k+/-) and activation energies (Ea) used in the THC seepage model are listed in Table H.2-1.  The listed values of the mineral dissolution rate constants are for the temperature 298.15 K (25°C) and neutral to near-neutral pH values.  The qualification method(s) are listed in the far right column of Table H.2-1, corresponding to those listed in Section H.1 above.  Detailed discussion of the attributes used to qualify the data are presented in Section H.3.

The tabulated experimental rate constants at 298.15 K are given to the same number of significant figures as reported in the source documents (i.e., generally to two or three significant figures).  However, because of the uncertainties introduced by the surface-area determinations, and because of the natural variation in chemical composition of most minerals, the listed values of the experimental rate constants at 298.15 K should be considered uncertain by approximately a factor of 10 when applied to mineral samples from different locations having significantly different chemical compositions.  As discussed in the uncertainty section below, the effects of alteration resulting in transport-limited reactions, and the unknown reactive surface area, can result in uncertainties of potentially 3 to 4 orders of magnitude in the overall rate.  Therefore, the behavior of the ambient system over long time periods must be used to constrain the rates of reaction in the field, as discussed in Section 6.5.5.1.

The corresponding data for muscovite have also been added to this table, because they are the source for estimated values of the dissolution-rate constants and activation energies for several clay minerals.
Table H.2-1.
Mineral Dissolution/Precipitation Reaction Rate Constants (k+/–) and Activation Energies (Ea) to Be Qualified

	Mineral
	k+/- 
(mol m−2  s−1)(a)
 at 298.15 K
	Ea
(kJ/mol)(b)
	m(c)
	n(c)
	Formula Used to Calculate Rate Constant(d)
	Comment (e)
	Reference
	Qualification Method(s)(f)

	(-Cristobalite 
(cristoba-a)
SiO2
	3.45 ( 10−13
	68.9
	1
	1
	lnk+ = (–0.9) – Ea / (R · T(K))
	Dissolution, no precipitation
	Renders et al. 1995 [DIRS 107088], pp. 77, 81
	2, 5

	Quartz
SiO2
	4.52 ( 10−14
	90.1
	1
	1
	kf, geom. = (276 ( 193) exp(–Ea / 
R · T(K)](g)
	Dissolution, no precipitation
	Tester et al. 1994 [DIRS 101732], p. 2415
	2, 5

	Tridymite
SiO2
	3.45 ( 10−13
	68.9
	1
	1
	
	Dissolution rate constant set to (-cristobalite, no precipitation
	N/A
	5, E

	Amorphous silica (sio2(am))
SiO2
	7.32 ( 10−13
	60.9
	1
	1
	logk+ = –0.369 +
(–7.890 · 10−4 · T(K)) + (–3438 / T(K))
	Dissolution
	Rimstidt and Barnes 1980 [DIRS 101708], pp. 1683, 1690
	2, 5

	
	1.0 ( 10−10
	50
	4.4
	1
	
	Precipitation
	Carroll et al. 1998 [DIRS 124275], pp. 1379, 1389
	2, 5

	Opal-CT
SiO2
	7.32 ( 10−13
	60.9
	1
	1
	
	Dissolution rate constant and Ea set to that for dissolution of amorphous silica; precipitation rate law same as for dissolution 
	N/A
	5, E

	Oligoclase (plagio-ym)
Na0.76K0.07 Ca0.17Al1.17 Si2.83 O8
	2.1 ( 10−17

( 2.1 ( 10−15)
	67.7
	0.353
	1
	
	Dissolution only

Rate constant reduced by a factor of 10−2 for weathering, based on White and Brantley 2003 [DIRS 168088], p. 479, p. 485, Table 4,  and p. 494, Figure 6 
	k+/–:  White and Brantley 2003 [DIRS 168088]

Ea:  Blum and Stillings 1995 [DIRS 126590], p. 313, Table 2
	2, 5


Table H.2-1.  Mineral Dissolution/Precipitation Reaction Rate Constants (k+/–) and Activation Energies (Ea) to Be Qualified (Continued)
	Mineral
	k+/- 
(mol m−2  s−1)(a)
 at 298.15 K
	Ea (kJ/mol)(b)
	m(c)
	n(c)
	Formula Used to Calculate Rate Constant(d)
	Comment(e)
	Reference
	Qualification Method(s)(f)

	Sanidine (sanidi-ym)
Na0.47K0.48Ca0.05Al1.05Si2.95O8
	1.3 ( 10−17
(1.3 ( 10−15)
	63.0
	0.353
	1
	
	Dissolution only

Rate constant based on weathered Shap granite, then reduced by a factor of 10−2 for weathering, estimated from White and Brantley 2003 [DIRS 168088], p. 488, Table 5, and p.495, Figure 7 
	k+/–:  White and Brantley 2003 [DIRS 168088] 

Ea:  Berger et al. 2002 [DIRS 181221], p. 669
	2, 5

	Biotite (biotite-ox)

K(Fe0.57,Mg0.43)3AlSi3O10 (OH)2
	9.30 ( 10−17
(9.30 ( 10−13)
	58.6
	0.333
	1
	Scaled by Si
	Dissolution only

Rate constant reduced by a factor of 10−4 for weathering, White and Brantley 2003 [DIRS 168088], p. 497, Figure 9
	k+/–:  Malmstrom et al. 1996 [DIRS 181209], p. 208, Table 2, for pH 8.1 and 1.0% CO2 gas

Ea:  from muscovite
	2, 5

	Muscovite formula

K1.84Na0.16(Al3.75Fe0.22Mg0.12
Ti0.02)[Si6.06Al1.92O20](OH)4
	1.0 ( 10−14
	
	
	
	
	
	Knauss and Wolery 1989 [DIRS 124300], p. 1500
	2, 5

	Illite

K0.6Mg0.25Al1.8Al0.5Si3.5O10(OH)2 
	1.73 ( 10−16
	58.6
	0.286
	1
	Scaled by Si
	Reversible, rate constant set to muscovite, and corrected for stoichiometry
	N/A
	5, E

	Ca-Beidellite (beidel-ca)

Ca0.165Al2.33Si3.67O10(OH)2
	1.52 ( 10−16
	58.6
	1
	1
	Scaled by Si
	Reversible, rate constant set to illite
	N/A
	5, E

	Mg-Beidellite (beidel-mg)

Mg0.165Al2.33Si3.67O10(OH)2
	1.52 ( 10−16
	58.6
	1
	1
	Scaled by Si
	Reversible, rate constant set to illite
	N/A
	5, E

	Na-Beidellite (beidel-na)

Na0.33Al2.33Si3.67O10(OH)2
	1.52 ( 10−16
	58.6
	1
	1
	Scaled by Si
	Reversible, rate constant set to illite
	N/A
	5, E

	K-Beidellite (beidel-k)

K0.33Al2.33Si3.67O10(OH)2
	1.52 ( 10−16
	58.6
	1
	1
	Scaled by Si
	Reversible, rate constant set to illite
	N/A
	5, E

	Amorphous Antigorite (antigo_am)

Mg3Si2O5(OH)4
	3.66 ( 10−13
	60.9
	0.5
	1
	Scaled by Si
	Dissolution rate constant based on amorphous silica
	N/A
	5, E

	
	5.0 ( 10−11
	60.9
	0.5
	1
	Scaled by Si
	Precipitation, using rate constant for amorphous silica
	
	5, E

	
	1.0 ( 10−10
	50
	2.2
	1
	
	Sensitivity runs 
	
	5


Table H.2-1.  Mineral Dissolution/Precipitation Reaction Rate Constants (k+/–) and Activation Energies (Ea) to Be Qualified (Continued)

	Mineral
	k+/- 
(mol m−2  s−1)(a)
 at 298.15 K
	Ea (kJ/mol)(b)
	m(c)
	n(c)
	Formula Used to Calculate Rate Constant(d)
	Comment(e)
	Reference
	Qualification Method(s)(f)

	Kaolinite

Al2Si2O5(OH)4
	1.0 ( 10−13
	7.1
	0.5
	1
	
	Reversible
	k+/–:  Brady and Walther 1989 [DIRS 110748], p. 2826, Figure 6

Ea:  Carroll and Walther 1990 [DIRS 160681], p. 806, Table 2
	2, 5

	Clinoptilolite (clinpt-ym/10)

(Ca0.0408Na0.0203)Ca0.1428 Al0.3467Si1.4533O3.6 1.0922H2O
	4.89 ( 10−13
	58.0
	0.688
	1
	Scaled by Si
	Dissolution only

Ea:  laumontite
	k+/–:  Murphy et al. 1996 [DIRS 142167], p. 160

Ea:  based on Savage et al. 1993 [DIRS 160198], p. 533, for laumontite
	2, 5

	Clinoptilolite-Na (clinpt-na/10)

Na0.3467Al0.3467Si1.4533O3.6 1.0922H2O
	4.89 ( 10−13
	58.0
	0.688
	1
	Scaled by Si
	Reversible

Ea:  laumontite
	k+/–:  Murphy et al. 1996 [DIRS 142167], p. 160

Ea: based on Savage et al. 1993 [DIRS 160198], p. 533, for laumontite
	2,5

	Clinoptilolite-K (clinpt-k/10)

K0.3467Al0.3467Si1.4533O3.6 1.0922H2O
	4.89 ( 10−13
	58.0
	0.688
	1
	Scaled by Si
	Reversible

Ea:  laumontite
	k+/–:  Murphy et al. 1996 [DIRS 142167], p. 160

Ea:  based on Savage et al. 1993 [DIRS 160198], p. 533, for laumontite
	2,5

	Clinoptilolite-Ca (clinpt-ca/10)

Ca0.17335Al0.3467Si1.4533O3.6 1.0922H2O
	4.89 ( 10−13
	58.0
	0.688
	1
	Scaled by Si
	Reversible

Ea:  laumontite
	k+/–:  Murphy et al. 1996 [DIRS 142167], p. 160

Ea: based on Savage et al. 1993 [DIRS 160198], p. 533, for laumontite
	2,5


Table H.2-1.  Mineral Dissolution/Precipitation Reaction Rate Constants (k+/–) and Activation Energies (Ea) to Be Qualified (Continued)

	Mineral
	k+/- 
(mol m−2  s−1)(a)
 at 298.15 K
	Ea (kJ/mol)(b)
	m(c)
	n(c)
	Formula Used to Calculate Rate Constant(d)
	Comment(e)
	Reference
	Qualification Method(s)(f)

	Stellerite (stell-ym/10)

Ca0.195Na0.005(Al0.395Si1.405O3.6)
1.4H2O
	1.13 ( 10−12
	58.0
	0.712
	1
	Scaled by Si
	Reversible, rate constant set to heulandite

Ea:  laumontite
	k+/–:  based on Ragnarsdóttir 1993 [DIRS 126601], pp. 2442 to 2447, for heulandite

Ea: based on Savage et al. 1993 [DIRS 160198], p. 533, for laumontite
	5, E

	Mordenite (mordenit/10)

Ca0.08685Na0.1083(Al0.282Si1.518O3.6)
1.0404H2O
	1.04 ( 10−12
	58.0
	0.659
	1
	Scaled by Si
	Reversible, rate constant set to heulandite
	k+/–:  based on Ragnarsdóttir 1993 [DIRS 126601], pp. 2442 to 2447, for heulandite

Ea:  based on Savage et al. 1993 [DIRS 160198], p. 533, for laumontite
	5, E 

	Calcitee
CaCO3
	1.60 ( 10−6
	48.1
	1
	1
	
	Reversible (synthetic calcite)
	k+/–:  Svensson and Dreybrodt 1992 [DIRS 127978], p. 129

Ea:  Inskeep and Bloom 1985 [DIRS 128129], p. 2165
	2, 5

	
	equilibrium
	N/A
	N/A
	N/A
	
	Equilibrium used for all simulations
	
	2, 5

	Anhydrite

CaSO4
	equilibrium
	N/A
	N/A
	N/A
	
	Equilibrium used for all simulations
	
	5, E

	Fluorite

CaF2
	1.22 ( 10−7
	0.0
	1
	2
	See text
	Reversible
	k+/–:  Knowles-Van Cappellan et al. 1997 [DIRS 124306], p. 1873
	5

	Hematite

Fe2O3
	8.59 ( 10−12
	N/A
	1
	1
	R = k1 [HCO3−]0.23
k1 =1.42 ( 10−7 h−1
[HCO3−] = 

1.317 ( 10−3 M
	Dissolution only
	Bruno et al. 1992 [DIRS 160189], p. 1139
[HCO3−] approximated; see text
	2, 5


Table H.2-1.  Mineral Dissolution/Precipitation Reaction Rate Constants (k+/–) and Activation Energies (Ea) to Be Qualified (Continued)

	Mineral
	k+/- 
(mol m−2  s−1)(a)
 at 298.15 K
	Ea (kJ/mol)(b)
	m(c)
	n(c)
	Formula Used to Calculate Rate Constant(d)
	Comment(e)
	Reference
	Qualification Method(s)(f)

	Goethite
FeOOH
	equilibrium
	N/A
	N/A
	N/A
	
	Equilibrium used for all simulations
	
	5

	Glass (glass-rhyol)

Si0.8016Al0.1581Na0.0745

K0.0796Ca0.0022Mg0.0003Fe0.0074H0.2166O2.0393
	7.72 ( 10−17
(7.72 ( 10−15)
	91.0
	1
	1
	See text
	Dissolution only Rate constant reduced by a factor of 10−2 owing to weathering, to be consistent with other silicates, based on White and Brantley 2003 [DIRS 168088] 
	k+/–:  Mazer et al. 1992 [DIRS 124354], p. 574
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(a)
k+/-:  dissolution/precipitation rate constants at 298.15 K; some values may slightly differ from source values due to unit conversions.

(b)
Ea:  activation energy; some values may differ slightly from source values due to unit conversions.

(c)
Exponents m and n in Equation 6.4-5, also scaled by the number of Si atoms in the stoichiometry (Section 6.4.2).

(d)
Formulas are given only for instances where rates were calculated from data in cited references.  No formulas are given if the rate was taken directly from the cited references.
(e)
“No precipitation” means precipitation of this mineral is not allowed; “reversible” indicates that the absolute values of the precipitation rate constant are equal to the dissolution rate constant.

(f)
For the qualification methods, “2” denotes data qualified by Method 2 (Corroborating Data), “5” denotes data qualified by Method 5 of SCI-PRO-001 (Technical Assessment), “E” denotes an estimated value that is usually based on using qualified data for a chemically related mineral.  “N/A” denotes “not applicable,” and is usually used for minerals that are assumed to be equilibrium minerals, or are assigned values based on a similar mineral.  If different methods are used to qualify and k+/– and Ea, then the first entry refers to k+/– and the second to Ea.
(g)
The ( error limits represent fits to a 95% confidence level; the overall log(K) error using a geometric area basis was estimated by the authors to be (0.63.

(h)
The rate law proposed by Carroll et al. (1998 [DIRS 124275]) corresponds to:  Rateppt ([Si] m−2 s−1) = 1.0 × 10−10 ( 0.06 (exp (Gr / R × T(K))4.4 ( 0.3; temperature dependence is accounted for in the rate law.

(i)
REMP  = ( (1 – C / Cs); ( denotes the rate constant, C the Ca2+ concentration in solution, and Cs the equilibrium concentration of Ca2+ with respect to calcite.

(j)
k0 calculated from linear growth rate of Knowles-Van Cappellen et al. (1997 [DIRS 124306], p. 1873); for details of calculations, see text.
(k)
Recalculated rate constant based on diffusion-limited model of Mazer et al. (1992 [DIRS 124354], p. 574); for details of calculations, see text. 
H.3
Qualification of Kinetic Data

Following the qualification plan in Section N.4, data are qualified using Method 2 (Corroborating Data) and/or Method 5 (Technical Assessment) of SCI-PRO-001, as noted in Table H.2-1.

A few to several of the qualification process attributes listed in the qualification plan (Section 4) are examined as part of the qualification process, as noted in each subsection below.
H.3.1
Silica Phases: Quartz, Amorphous Silica, (-Cristobalite, Tridymite, and Opal-CT
The discussion below documents the qualification of the kinetic data for the silica minerals using the following methods and attributes:

· Quartz:  Methods 2 and 5; Attributes 1, 2, 3, 4, 8, 9, and 10

· Amorphous Silica:  Methods 2 and 5; Attributes 1, 2, 3, 4, 8, 9, and 10

· (-Cristobalite:  Methods 2 and 5; Attributes 1, 2, 3, 4, 8, 9, and 10

· Tridymite:  Method 5; Attributes 3, 9, and 10

· Opal-CT:  Method 5; Attributes 3, 9, and 10.
All of the measured data were reported in peer-reviewed publications by well-known researchers at universities or national laboratories, with qualifications comparable to that of YMP personnel/institutions.  Most of the data were collected under temperatures and environmental conditions similar to those expected in the near-field environment (approximately 20(C to 200(C).

Data on quartz dissolution kinetics have been provided by Tester et al. (1994 [DIRS 101732], p. 2410).  The dissolution experiments of these authors spanned temperatures from 23(C to 255(C, and were conducted using five different apparatuses.  The paper was published in the leading peer-reviewed journal in geochemistry, Geochimica et Cosmochimica Acta.  The results of these experiments, combined with data from 10 previous investigations ranging up to 625(C, including those of Rimstidt and Barnes (1980 [DIRS 101708], pp. 1687 to 1689]; see discussion below), revealed a dissolution-rate variation of eleven orders of magnitude over the studied temperature range (e.g., from 4 ( 10−14 to 1 ( 10−3 mol m−2 s−1).  The selected values in Table H.2-1 for the dissolution-rate constant of quartz at 25(C on a geometric surface area basis (k+ = 4.52 ( 10−14 mol m−2 s−1 and Ea = 90.1 ± 2.5 kJ mol−1) were calculated from Equation 17a of Tester et al. (1994 [DIRS 101732], p. 2415) and are based on an analysis of a combined set of consistent data from numerous independent studies. 

As noted above, the value of k+  = 4.52 ( 10−14 mol m−2 s−1 for quartz was based on use of the surface area determined by the “geometric area basis” by Tester et al. (1994 [DIRS 101732], p. 2415).  The “geometric area basis” calculation is based on the approximation that the mineral particles have the same surface area as perfectly smooth spheres of similar size.  Because mineral grains have irregular surfaces, the “geometric area basis” calculation may underestimate the reactive surface area.  The authors also reported the surface area for one sample determined by measurements based on the Brunauer, Emmet, Teller (BET) static volume method, and the value is about a factor of seven larger than the “geometric area basis” value.  The values based on the BET surface area measurements are:

k+ = 1.04 ( 10−14 mol m−2 s−1
and

Ea = 87.7 ± 4.7 kJ mol−1
calculated using Equation 17b from Tester et al. (1994 [DIRS 101732], p. 2415).  The two values of Ea agree to well within their experimental uncertainties, but the values of k+ differ by a factor 
of 4.  The selected values in Table H.2-1 for the dissolution rate constant of quartz at 25(C are 
k+ = 4.52 ( 10−14 mol m−2 s−1 and Ea = 90.1 ± 2.5 kJ mol−1, which were calculated from Tester et al.’s Equation 17a (1994 [DIRS 101732], p. 2415) and are based on consistent data from numerous studies.  These values are based on use of the surface area determined by the “geometric area basis” by Tester et al. (1994 [DIRS 101732], p. 2415), which may underestimate the reactive surface area of mineral grains (depending on the roughness of the grains).  The values based on the BET surface area measurements are k+ = 1.04 ( 10−14 mol m−2 s−1 and 
Ea = 87.7 ± 4.7 kJ mol−1, and were calculated from Equation 17b of Tester et al. (1994 [DIRS 101732], p. 2415).  The two values of Ea agree to well within their experimental uncertainties, with some of the difference being due to using dissolution rate constants for a wider temperature range for evaluation of the “geometric area basis” value.  Given the uncertainties of these two Ea values, the differences are not experimentally meaningful.  Although the values of k+ differ by about a factor of 4 at 25(C, both values agree within the scatter of the literature values used by Tester et al. (1994 [DIRS 101732]) in their evaluation, as indicated by Figures 8 and 9 of their study.

To derive reaction rates for quartz and amorphous silica, Rimstidt and Barnes (1980 [DIRS 101708]) performed closed-system dissolution and precipitation experiments at temperatures between 18(C and 305(C, using distilled water and Barnes-type rocking autoclaves (Barnes 1971 [DIRS 160181]), as well as a system for circulating hydrothermal fluids, and they compiled their results along with data reported by other investigators.  Measurements by Rimstidt and Barnes, and the other studies cited by them, were made with a variety of different silica samples: quartz sand, fused silica powder, silica gel, porous leached glass, and quartz powder with disturbed surfaces, covering a range of temperatures greater than that expected under the thermally perturbed conditions in the near-field environment.  The paper was published in Geochimica et Cosmochimica Acta.  According to the assessed results of Rimstidt and Barnes (1980 [DIRS 101708], Table 4), which include not only their data, but also data from numerous other studies, the activation energies for dissolution of the silica polymorphs are:  for quartz, 
Ea = 67.4 to 76.6 kJ mol−1; for (-cristobalite, Ea = 68.7 kJ mol−1; for b-cristobalite, 
Ea = 65.0 kJ mol−1; and for amorphous silica, Ea = 60.9 to 64.9 kJ mol−1.  These values are nearly the same, indicating that the rate-limiting step for these reactions is the breaking of strong Si-O bonds.  Figure 4 of Rimstidt and Barnes (1980 [DIRS 101708]) is an Arrhenius plot for precipitation of silica polymorphs (log k– as a function of the inverse of the temperature).  This plot indicates that values of k– for precipitation of the various silica polymorphs coincide within experimental error (corroborating their use), which is expected because the same activated complex in solution should control the precipitation rates, with the least‑squares value being 
Ea = 49.8 kJ mol−1.  The dissolution rate constant of amorphous silica, 7.32 ( 10−13 mol m−2 s−1, was taken from these authors.  More recently, Carroll et al. (1998 [DIRS 124275], p. 1386 and Table 3) report Ea = 61 ± 1 kJ mol−1 for precipitation from slightly acidic solutions (pH = 3 to 7), and Ea = 50 kJ mol−1 for precipitation from near-neutral solutions (pH = 7 to 8), corroborating the activation energy chosen.
Experimentally based dissolution and precipitation rates for -cristobalite were determined by Renders et al. (1995 [DIRS 107088]), whose paper was also published in Geochimica et Cosmochimica Acta.  These closed-system experiments were conducted at high temperatures (145(C to 301(C), and at water-saturation pressures.  The determined activation energy for the precipitation of cristobalite, Ea = 52.9 ± 10 kJ mol−1, was found to be, within the uncertainties, equal to those for quartz and amorphous silica determined by Rimstidt and Barnes (1980 [DIRS 101708], Table 4), Ea = 49.8 kJ mol−1.  They also determined Ea = 68.9 ± 11 kJ mol−1 for dissolution of synthetic (-cristobalite.  The dissolution rate constant of (-cristobalite at 25(C, 
k+ = 3.45 ( 10−13 mol m−2 s−1, was calculated from Renders et al. (1995 [DIRS 107088], p. 77), using an equation given in their abstract (assuming the value R = 8.314 J K−1 mol−1), and it is an extrapolated value obtained from higher-temperature data. 

To investigate the effect of pH, temperature, and aqueous silica concentration on the precipitation rates of amorphous silica, Carroll et al. (1998 [DIRS 124275], p. 1380 and Figure 3) performed laboratory and field experiments in the temperature range between 80(C and 150(C, and with pH values between 3.0 and 8.7, the results of which were published in Geochimica et Cosmochimica Acta.  Fluidized bed reactors and quartz sand were used in the field experiments, whereas laboratory rates were derived from experiments on silica gel.  The starting materials were either dissolved in buffer solutions or geothermal waters until amorphous silica saturation was achieved.  Results of the experiments reveal that, in the absence of impurities and in solutions supersaturated with respect to amorphous silica by a factor < 1.3, precipitation rates have a first-order dependence, whereas in chemically complex field solutions, the precipitation mechanism changes from elementary reaction control to surface defect/surface nucleation control reflected by a nonlinear rate law.  The overall activation energy was determined to be Ea = 50 ( 3 kJ mol−1 (Carroll et al. 1998 [DIRS 124275], p. 1389).  Carroll 
et al. (1998 [DIRS 124275], p. 1387 and Table 3) also reported Ea = 50 kJ mol−1 for precipitation from near-neutral solutions (pH = 7 to 8), which is in good agreement with the value of 
Ea = 49.8 kJ mol−1 reported by Rimstidt and Barnes (1980 [DIRS 101708], Table 4).

There are several determinations of the activation energy for precipitation of various silica polymorphs at near-neutral pHs that are in very good agreement: 

Ea = 49.8 kJ mol−1 from Rimstidt and Barnes (1980 [DIRS 101708], Table 4)

Ea = 52.9 ± 10 kJ mol−1 from Renders et al. (1995 [DIRS 107088], pp. 77, 81)

Ea = 50 kJ mol−1 from Carroll et al. (1998 [DIRS 124275], Table 3).

Because of the three independent studies yielding results that corroborate each other, the selected value of Ea = 50 kJ mol−1 can be accepted with confidence.  The selected values of Ea for dissolution of the various polymorphs of silica (excluding quartz), in Table H.2-1, fall in a narrow range of Ea = 60.9 to 68.7 kJ mol−1, and are based mainly on the measurements of Rimstidt and Barnes (1980 [DIRS 101708], Table 4), along with assessed results from numerous literature studies, and are supplemented for -cristobalite by results from the more recent study of Renders et al. (1995 [DIRS 107088], pp. 77, 81).  Assessed values of k+ and k– for the phases are taken from the same studies of Rimstidt and Barnes (1980 [DIRS 101708], Tables 4 and 3) and Renders et al. (1995 [DIRS 107088], pp. 77 and 81).  These values are based on many independent studies yielding results that corroborate each other, and the assessed results give confidence in the data and are therefore qualified for use.

No specific data for the tridymite dissolution rate were found.  Tridymite has the same composition as quartz and cristobalite, and is a high-temperature form of silica formed during devitrification of tuffs during cooling.  Therefore, the dissolution rate constant at 25(C was set to that of the other high-temperature silica phase (-cristobalite, as well as its activation energy.  Because tridymite is also much less abundant than quartz or (-cristobalite, and the reactive surface area is not known precisely, any differences in the rate are within the uncertainties in the data (technical assessment).  The wealth of experimental data discussed above shows that the silica polymorphs have similar activation energies, and therefore the value for tridymite should also be similar to these 
other minerals. 

Because opal-CT is a high-solubility, poorly ordered form of silica, the dissolution rate constant at 25(C and activation energy were set to the same values as that for the very similar phase amorphous silica (Technical Assessment).  The abundance of opal-CT is generally a few percent or less in the repository units and therefore uncertainties in its surface area are likely to be greater than uncertainties in its reaction rate. 
H.3.2
Plagioclase (Ca-Na Feldspars)

The discussion below documents the qualification of the kinetic data for plagioclase using the following methods and attributes:

· Methods 2 and 5; Attributes 1, 2, 3, 4, 8, 9, and 10.
Various experimental determinations of the dissolution rate constant for low-albite NaAlSi3O8 (Na endmember of plagioclase) have been compiled and summarized by Blum and Stillings (1995 [DIRS 126590], Table 3), and these studies cover the pH range from around 1 to over 12 and a temperature range of 5(C to 300(C.  Figure 4 of the report by Blum and Stillings (1995 [DIRS 126590]) shows the variation of logk+ with pH at 25(C.  Experimental data from nine separate studies are plotted, and the data from eight of these studies are consistent within about ±0.5 log unit of a smooth curve through these data.  The values of logk+ are essentially independent of pH for the range pH = 5 to 8, yielding k+ ≈ 10−16.15 mol cm−2 s−1 = 7.08 ( 10−13 mol m−2 s−1 for this region.  Recent studies of plagioclase artificially weathered in the laboratory and in the field show rates that are several orders of magnitude smaller than those measured on fresh samples in the laboratory (White and Brantley 2003 [DIRS 168088]).  In particular, an oligoclase (Na-rich plagioclase feldspar) that was artificially weathered in the laboratory over a period of six years by White and Brantley (2003 [DIRS 168088], p. 479) showed a decline in the dissolution rate from 7.0 ( 10−14 mol m−2 s−1 to 2.1 ( 10−15 mol m−2 s−1.  Other rates for oligoclase (White and Brantley 2003 [DIRS 168088], p. 485 Table 4; p. 494, Figure 6) from samples weathered in the field showed rates as low as 5 ( 10−17 mol m−2 s−1.  In order to start with a measured value, and to scale the rate to the effective rate in the field, the measured rate constant was further reduced to 2.1 ( 10−17 mol m−2 s−1.
The activation energies for albite dissolution under neutral pH conditions have been determined by various authors (e.g., Knauss and Wolery (1986 [DIRS 160184], pp. 2481 to 2497; Hellmann 1994 [DIRS 160183], Table 6).  Based on these compiled data, Blum and Stillings (1995 [DIRS 126590], Table 2) calculated an apparent activation energy of 67.7 kJ mol(1, which was accepted and used in the THC simulations.  It should be noted that the activation energy, Ea = 68.8 ± 4.5 kJ mol−1, determined by Hellmann (1994 [DIRS 160183], Table 6) is very close to this value, whereas those values determined by two of the other authors are lower, ranging between 51 and 54 kJ mol−1.  Because of the numerous independent studies yielding results that corroborate each other, the assessed results in Table H.2-1 give confidence in the data and are therefore qualified for use.

H.3.3
Sanidine (Na-K Feldspars)

The discussion below documents the qualification of the kinetic data for sanidine using the following methods and attributes:

· Methods 2 and 5; Attributes 1, 2, 3, 4, 8, 9, and 10.
Various experimental determinations of the dissolution rate constant for various Na-K feldspars have been compiled and summarized by Blum and Stillings (1995 [DIRS 126590], Table 4), and these studies cover the pH range from around 1 to over 12 and temperature range of 5(C to 200(C.  This work was published in Volume 31 of the book series Reviews in Mineralogy, which is a standard reference series for mineralogical data.  Figure 5 of the report by Blum and Stillings (1995 [DIRS 126590]) shows the variation of logk+ with pH at 25(C.  Experimental data from six separate studies are plotted, involving data measured for feldspars from different locations, and they are consistent within about ±0.5 log unit of a smooth curve through these data.  The values of logk+ are essentially independent of pH for the range pH = 5 to 11, yielding 
k+ ≈ 10−16.75 mol cm−2 s−1, which is equivalent to k+ = 1.78 ( 10−13 mol m−2 s−1 for this pH region.  As for plagioclase, recent studies of Na-K feldspars weathered in the field show rates that several orders of magnitude smaller than those measured on fresh samples in the laboratory, as was the case in the study by White and Brantley (2003 [DIRS 168088]).  This study was published in the peer‑reviewed journal Chemical Geology, which is one of the most important sources in this field.  In particular, a K-feldspar from the Shap granite has a rate of 
1.3 ( 10−13 mol m−2 s−1 (White and Brantley 2003 [DIRS 168088], p. 488, Table 5, sample 13), but rates for samples weathered in the field (White and Brantley 2003 [DIRS 168088], p. 488, Table 5, samples 1 and 2) were as low as 1.6 ( 10−17 mol m−2 s−1.  In order to start with a measured value, and to scale the rate to the effective rate in the field, the measured rate constant was further reduced to 1.3 ( 10−17 mol m−2 s−1.

The activation energy for K-feldspar dissolution in neutral pH environments is given by Blum and Stillings (1995 [DIRS 126590], Table 2) as ranging between 35 and 38 kJ mol−1 for neutral pH.  More recent data indicated that the activation energy for sanidine should be close to that of the other silicates and feldspars, as for example in the study by Berger et al. (2002 [DIRS 181221], p. 669), who give an activation energy of 63 kJ mol−1, with a range of 
61-65 kJ mol−1.  This latter study was published in peer-reviewed journal the American Journal of Science, which publishes many important papers in the geosciences.  The value of 63 kJ mol−1 was used for sanidine in the THC seepage model simulations.  The recent determination of this value for sanidine under hydrothermal conditions, and the corroboration to other feldspar activation energies (corroborating data), gives confidence in the data and is therefore qualified for use.

H.3.4
Micas and Clay Minerals: Muscovite, Illite, Smectite (Beidellites), Amorphous Antigorite, and Biotite

The discussion below documents the qualification of the kinetic data for micas and clay minerals using the following methods and attributes:

· Muscovite:  Methods 2 and 5; Attributes 1, 2, 3, 4, 8, 9, and 10

· Illite:  Method 5; Attributes 3, 9, and 10

· Beidellites:  Method 5, Attributes 3, 9, and 10

· Amorphous Antigorite:  Method 5; Attributes 3, 9, and 10

· Biotite:  Method 5; Attributes 1, 2, 3, 4, 8, 9, and 10.
The dissolution-rate constant for illite was assumed to be the same as the dissolution-rate constant given by Knauss and Wolery (1989 [DIRS 124300], pp. 1493 to 1501) for the very similar mineral muscovite.  Knauss and Wolery measured the dissolution rates of electronic‑grade ruby mica muscovite as a function of pH and at 70°C.  They performed 11 experiments spanning the pH range of 1.4 to 11.8 at roughly equal intervals of pH.  The 50-day dissolution experiments were conducted in a single-pass, flow-through apparatus (open-system) using muscovite grains of 100-(m size and dilute buffer solutions.  The mica grains were ultrasonically cleaned to remove finer particles.  The composition of their mica, as determined from 20 analyses using an electron microprobe, was K1.84Na0.16(Al3.75Fe0.22Mg0.12Ti0.02) (Si6.06Al1.92O20)(OH)4.  To determine dissolution rates under far from equilibrium conditions, the ionic strengths of the reacting solutions were very low (3.0 ( 10−4 to 0.13 mol kg−1), and solutions were undersaturated with respect to muscovite or any other possible secondary phase.  The concentrations of silicon and aluminum released during dissolution were determined using inductively coupled plasma emission spectroscopy, and those of potassium by atomic absorption spectroscopy.  The specific surface area of the muscovite was determined by BET surface area analysis using argon gas and was found to be 1.10 m2 g−1. 

Based on their experimental results, Knauss and Wolery (1989 [DIRS 124300], p. 1500) derived a generalized rate expression describing the dissolution behavior of muscovite under far from equilibrium conditions and at any pH:
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(Eq. H-1)

The rate constant for near-neutral pH conditions at 25(C was calculated by assuming surface‑controlled dissolution with an activation energy of Ea = (14 kcal mol−1)(4.184 kJ kcal−1) = 58.6 kJ mol−1, which yields k+ = 1.0 ( 10−14 mol m−2 s−1 (Knauss and Wolery 1989 [DIRS 124300], p. 1500). 

The assessed value of k+/– for ruby muscovite determined by Knauss and Wolery (1989 [DIRS 124300], p. 1500) at 70(C was published in Geochimica et Cosmochimica Acta and can be accepted with confidence.  This technical assessment is based on the authors’ detailed description of their use of a variety of experimental techniques to characterize the chemical and mineralogical composition of their muscovite sample and analyses of solution concentrations, along with the very detailed presentation of their experimental results.  However, the value of k+ at 25(C is also based on an assumed value of the activation energy.  The assessed dissolution rate constants in this report (Table H.2-1) for dissolution of most silicate minerals fall in the range of k+ = 1 ( 10−14 mol m−2 s−1 to 3 ( 10−12 mol m−2 s−1.  The estimated values of k+/– for 
clay minerals in Table H.2-1 fall in this range and are likely to be correct within an order 
of magnitude.
The rate constant for muscovite was recalculated with respect to the number of oxygens per formula unit (k+ multiplied by 2) to account for differences in chemical formula between the muscovite and the illite stoichiometry, K0.5(Mg0.22Al1.78)(Si3.72Al0.28O10)(OH)2, assumed here.  

The rate constants of the Ca-, Mg-, K-, and Na-beidellites were assumed to be the same as that for illite (determined from muscovite), with a correction for the difference in the number of the oxygens per formula unit between muscovite and smectite (in this case, the original muscovite rate was multiplied by a factor of 2).  The assumed beidellite compositions are given in Table H.2-1.  The beidellite clay minerals were further reduced by a factor of 10−2, to make their dissolution and precipitation rates closer to those of the primary minerals.  These clays must be quite stable in the sense that only a few percent have formed  over 10 million years, and the abundances in the repository units are relatively constant.

No measurements were located for the rates of precipitation and dissolution of amorphous antigorite in the aqueous phase.  Because amorphous antigorite is noncrystalline, it should form much faster than crystalline sheet silicates of similar composition, and since it is amorphous, it is assumed to precipitate at a rate (adjusted for the Si stoichiometry) similar to amorphous silica (Technical Assessment).  Simulations showed that the rate of depletion of Mg caused by using such a fast rate resulted in convergence problems.  Therefore, most simulations used the dissolution rate law for amorphous silica for precipitation as well, instead of the amorphous silica precipitation rate law.  This still resulted in a relatively fast rate of precipitation, without the associated convergence problems.

The dissolution rate constant for biotite was obtained from Malmstrom et al. (1996 [DIRS 181209], p. 208, Table 2) for a solution pH of 8.1 at equi1ibrium with 1% CO2 gas.  Biotite is a mica mineral, similar to muscovite, and the rate of 9.30 ( 10-13 mol m−2 s−1 is very close to the rate for muscovite of 1 ( 10−14 mol m−2 s−1 reported by Knauss and Wolery (1989 [DIRS 124300], pp. 1493 to 1501).  To be consistent with the observations of the rates of dissolution of naturally weathered biotites by White and Brantley (2003 [DIRS 168088], p. 497, Figure 9) the rate was further reduced to 9.30 ( 10−17 mol m−2 s−1.  The effect of this modification is that the rate of dissolution for biotite is also similar to the rates for the other primary aluminosilicate minerals, which was shown in the latter paper to be characteristic of naturally weathered samples.  Also, the much slower rate is consistent with the presence of biotite in rocks for over ten million years.  Thus, the data from White and Brantley (2003 [DIRS 168088]), combined with these specific observations from the site (Technical Assessment), justify the qualification for use in the THC seepage model report.

H.3.5
Kaolinite
The discussion below documents the qualification of the kinetic data for kaolinite using the following methods and attributes:

· Kaolinite:  Methods 2 and 5; Attributes 1, 2, 3, 4, 8, 9, and 10.
The dissolution-rate constant of kaolinite, Al2Si2O5(OH)4, was estimated from a graph in the study by Brady and Walther (1989 [DIRS 110748], Figure 6), based on measurements from their laboratory.  According to this figure, the dissolution-rate constant in the pH region between 5 and 8 is equal to 10−17.3 mol cm−2 s−1, which is equivalent to k+ = 5 ( 10−14 mol m−2 s−1.  This value is corroborated by subsequent measurements of Carroll and Walther (1990 [DIRS 160681], Figure 2), which yield a value of k+ ≈ 10−12.9 mol m−2 s−1  = 1.3 ( 10−13 mol m−2 s−1 at pH = 7.  Carroll and Walther reported careful dissolution measurements for kaolinite at 25(C, 60(C, and 80(C in buffered solutions with a wide range of solution pHs (pH ~ 1 to 12).  The average value from these two studies is (0.9 ± 0.4) ( 10−13 mol m−2 s−1, which was rounded off to 
k+ = 1 ( 10−13 mol m−2 s−1 for the accepted value.  The values derived by Carroll and Walther (1990 [DIRS 160681], p. 797) for the activation energy vary strongly with pH, and at pH = 7 the value is Ea = (1.7 kcal mol−1)(4.184 kJ kcal−1) = 7.1 kJ mol−1.  Because the results of the two studies yield values that corroborate each other, and because the measurements were made in Walther’s laboratory (Walther is one of the leading researchers in mineral dissolution studies), the assessed results in Table H.2-1 are qualified for use.
H.3.6
Zeolites: Clinoptilolite, Mordenite, and Stellerite

The discussion below documents the qualification of the kinetic data for the zeolites using the following methods and attributes:

· Clinoptilolite:  Methods 2 and 5; Attributes 1, 2, 3, 4, 8, 9, and 10

· Mordenite:  Method 5; Attributes 3, 9, and 10

· Stellerite:  Method 5; Attributes 3, 9, and 10.
Murphy et al. (1996 [DIRS 142167], pp. 128 to 186) conducted long-term batch-type experiments to study the dissolution and growth kinetics of an Na-clinoptilolite (work supported by the U.S. Nuclear Regulatory Commission) that is isostructural with Ragnarsdóttir’s (1993 [DIRS 126601]) heulandite, discussed below.  The measurements of Murphy et al. (1996 [DIRS 142167]) were made at 25(C and pH ≈ 9 and was published in the American Journal of Science.  The authors chose the 100 to 200 mesh-size fraction (75 to 150 (m) for their experiments, and the surface area of the Na‑clinoptilolite was determined by N2 gas BET analysis to be 10.1 ( 0.3 m2 g−1.  The experimental system was open to atmospheric CO2, and the initial solutions (NaCl-NaHCO3 mixtures) were pre-equilibrated for several days before the solid was added.  The authors reported very detailed analysis results for the solution concentrations of sodium, silica, and aluminum as a function of time.  The Na concentrations were determined using an Na-ion selective electrode, and the SiO2 and Al were determined with their colored complexes using UV-visible spectrophotometry.  The dissolution‑rate constant of Na‑clinoptilolite given by these authors corresponds to 7.1 ( 10−14 mol m−2 s−1 and was determined for a chemical formula based on 24 structural oxygens per formula unit, Na2Al2Si10O24(8H2O.  Because the clinoptilolite formula used here is based on 7.2 oxygens per formula unit, Ca0.28K0.08Na0.04Al0.68Si2.92O7.2·2.6H2O, the rate constant was multiplied by a factor of (24/7.2) = 3.33 to account for the difference between these chemical formulas.  

An activation energy of Ea = 58 kJ mol−1 for the dissolution of Na-clinoptilolite is based on the value obtained by Savage et al. (1993 [DIRS 160198], p. 533) for laumontite, which is another zeolite mineral.  As noted for the silica polymorphs, most of these silicates have similar activation energies.

Heulandite is isostructural with Na-clinoptilolite, has a similar chemical composition, and thus can be used to corroborate the values used for clinoptilolite.  Ragnarsdóttir (1993 [DIRS 126601], pp. 2442 to 2447) (published in Geochimica et Cosmochimica Acta) determined the dissolution rates for heulandite in the pH range 2.0 to 12.2 and at (25 ± 2)°C, at conditions maintained far from equilibrium, by measuring the concentrations of silica, aluminum, calcium, sodium, and potassium that were released into solution upon dissolution.  The dissolution experiments were performed in fluidized-bed reactors using various solutions and buffers.  The sieved grain size fraction used in the experiments ranged between 75 and 125 (m with a surface area determined by krypton BET analysis being 1715 ± 11 cm2 g−1.  The structural formula of heulandite, Na2.2K1.4Ca2.2Al14.2Si23.3O72·24H2O, was determined by electron microprobe analysis.  The stability of various zeolites was described in terms of their dependence on pH and sodium concentration.  Alumina and silica release at intermediate and high pH were approximately stoichiometric, whereas at low pH Al was released preferentially compared to Si, resulting in the formation of a residual Si-rich surface layer.  Steady-state dissolution rates plotted as function of pH (see Ragnarsdóttir 1993 [DIRS 126601], Figure 9) show a characteristic U-shaped pattern, typical of most silicates, with decreasing rates from pH 2 to about 5.5, a pH-independent dissolution rate in the near-neutral and neutral pH region, and increasing rates in the high pH region (pH = 7 to 12).  The dissolution rate constant  at pH = 7.2 is k+ = 10−11.8 mol m−2 s−1, 
or 1.585 ( 10−12 mol m−2 s−1.  Because the steady-state dissolution rates for heulandite given by Ragnarsdóttir (1993 [DIRS 126601], pp. 2442 to 2447) were based on the rate of silica release into solution, the value of the rate constant was divided by a factor of 2.8 to give 
k+ = 5.66 ( 10−13 mol m−2 s−1, corresponding to the number of silica formula units contained in the heulandite formula used here, Ca0.33K0.04Na0.1Al0.8Si2.8O7.2·2.6H2O. 

The rate constants of stellerite and mordenite were taken as having the same value.  Ragnarsdóttir assumed an activation energy of Ea = 58 kJ mol−1 for the dissolution of heulandite based on the value obtained by Savage et al. (1993 [DIRS 160198], p. 533) for laumontite, and this value was accepted for stellerite and mordenite.  

The assessed results given in Table H.2-1 for k+/– of heulandite and Na-clinoptilolite at 25(C can be accepted with confidence.  This technical assessment is based on the authors’ detailed description of their use of a variety of experimental techniques to characterize the chemical and mineralogical composition of their mineral, and the determination of the solution concentrations as a function of time.  However, the values of Ea are estimated from an experimental value for a chemically related mineral, as are k+/– values for other zeolites.

H.3.7
Calcite

In the THC seepage model, calcite is assumed to be an equilibrium mineral based on its fast dissolution rate.  The discussion below documents the qualification of the kinetic data for calcite, which are used to justify its use as an equilibrium mineral, using the following methods 
and attributes:

· Calcite: Methods 2 and 5; Attributes 2, 3, 4, 8, 9, and 10.
Svensson and Dreybrodt (1992 [DIRS 127978], pp. 129 to 145) (published in Chemical Geology) investigated the dissolution kinetics of various natural carbonate samples 
(e.g., marbles, limestones, calcareous marine pelagic sediments) and National Bureau of Standards synthetic calcite.  The batch experiments (free drift technique) were conducted on the 100‑(m sieved fractions, at 20(C in aqueous CO2 solutions (CO2 pressure of 5 ( 10−3 atm) under close to equilibrium conditions with respect to calcite.  Calcium and magnesium solution concentrations were analyzed using inductively coupled plasma mass spectrometry.  The dissolution rates of the natural carbonate samples were fitted by the authors to an empirical rate law of the form:


REMP = (1 (1 − C/Cs)n
(Eq. H-2)

with values for n being different when C ≤ (0.6–0.8)Cs and when C > 0.8Cs, where C denotes the Ca2+ concentration in the solution and Cs the equilibrium concentration of Ca2+ with respect to a saturated solution of calcite.  The ( denotes a rate constant.  Literature data at 5(C, 15(C, and 25(C were analyzed with the same rate law.  In contrast, National Bureau of Standards synthetic calcite was found to exhibit a linear-rate law of the form:


R = ( (1 − C/Cs)
(Eq. H-3)

Furthermore, the results revealed lower rates for the natural samples than those of pure calcite.  The different dissolution behavior of the natural samples and pure calcite is attributed to adsorbed impurities on the surface of the natural samples, as well as other unknown dissolution inhibitors that may have been present during the formation of these natural phases.

Svensson and Dreybrodt did not determine any activation energies for the dissolution reactions.  Thus, an activation energy value of Ea = 48.1 kJ mol−1 determined by Inskeep and Bloom (1985 [DIRS 128129], p. 2165), from seeded calcite growth measurements, is used in those simulations where kinetics dissolution/precipitation are considered.  The paper by Inskeep and Bloom was published in Geochimica et Cosmochimica Acta.

The assessed results given in Table H.2-1 for Ea can be accepted with confidence.  In the 
course of reviewing this document, however, it was discovered that the accepted value of 
k+/– = 1.60 ( 10−6 mol m−2 s−1 was appropriate for the experimental temperature of 20(C rather than the assumed 25(C.  Svensson and Dreybrodt (1992 [DIRS 127978], Table 2) also analyzed literature data and their results imply that k+/– = 1.9 ( 10−6 mol m−2 s−1 is a more appropriate choice for 25(C, which is 19% larger.  This value was taken from Svensson and Dreybrodt (1992 [DIRS 127978], Table 2) for measurements made with a CO2 pressure of 3 ( 10−3 atm.  Given the experimental uncertainty in the dissolution-rate constant of Svensson and Dreybrodt and other studies cited by them, the 19% difference between the two values is negligible compared to the experimental error.  Calcite is assumed to be an equilibrium mineral in the THC seepage model simulations because the rate on the order of 10−6 mol m−2 s−1 is at least 6 orders of magnitude faster than the silicate minerals (Technical Assessment).  Given the time scale of THC processes of years to thousands of years, the assumption is justified and corroborated by multiple studies giving values having the same order of magnitude.
H.3.8
Anhydrite
In the THC seepage model, anhydrite is assumed to be an equilibrium mineral based on its fast dissolution rate.  The discussion below documents the qualification of the kinetic data for anhydrite, which justify its use as an equilibrium mineral, using the following methods and attributes:

· Anhydrite:  Method 5; Attributes 3, 4, 8, 9, and 10.
Anhydrite (CaSO4) is a more stable form of calcium sulfate above temperatures around 70(C than the common low-temperature mineral gypsum (CaSO4·2H2O).  Anhydrite is similar to gypsum, and the dissolution/precipitation rate constant for gypsum, CaSO4·2H2O, is quite high:  k+/– ~10−3 mol m−2 s−1 (see Jeschke et al. 2001 [DIRS 161694], p. 27, and references therein).  (The latter paper was published in Geochimica et Cosmochimica Acta.)  This rate constant is many orders of magnitude larger than the rate constants for other minerals in this report, and implies reaction rates much faster than the time scale considered in this study.  For this reason, anhydrite is assumed to react at equilibrium in this study.  Therefore, no values of k+/– and Ea need to be assigned for anhydrite.

H.3.9
Fluorite

The discussion below documents the qualification of the kinetic data for fluorite, using the following methods and attributes:

· Fluorite:  Method 5; Attributes 2, 3, 4, 8, 9, and 10.
Knowles-Van Cappellen et al. (1997 [DIRS 124306], pp. 1871 to 1877) conducted seeded fluorite (CaF2) growth experiments at T = 25 ± 0.1(C and pH values ranging between 5.1 and 5.6, the results of which were published in Geochimica et Cosmochimica Acta.  (Experiments at lower pH values are not desirable because the dissolution rate and solubility are increased by formation of neutral HF in solution.)  After pre-equilibration of the seeded solutions and initial saturation of solutions with respect to fluorite, the titrants 0.200 mol L−1 NaF and 0.100 mol L−1 Ca(NO3)2 were added at a constant rate and samples periodically taken for grain-size analysis.  The experiments were performed at three different initial ionic strengths of 0.01, 0.085, and 
0.1 mol L−1, with NaNO3 being added to control the ionic strength.  Two different seed crystal concentrations were used in order to study both aggregating and non‑aggregating conditions.  Dynamic light scattering was use to determine the size and size distribution of the crystals in solution, and the initial surface area of the particles was determined to be 11.3 m2 g−1 by BET N2 gas absorption measurements.  The experimental results indicate that at low relative degrees of supersaturation, the precipitation of fluorite is a surface-controlled process that can be described by a second-order rate law of the form: 


v = kl (S – 1)2
(Eq. H-4)

where v is the linear growth rate (of cubic grains), kl is the linear-growth rate constant, which was determined to range between kl = 1.4 ( 10−3 and 3.8 ( 10−3 nm s−1, and (S – 1) corresponds to the relative degree of supersaturation (Knowles-Van Cappellen et al. 1997 [DIRS 124306], Equation 2, p. 1873).

The rate constant for fluorite dissolution/precipitation was recalculated as follows from the linear growth rate constants:


rate constant = (linear growth constant)/ molar volume
(Eq. H-5)

Assuming an intermediate linear growth rate of 3.0 ( 10−3 nm s−1 (Knowles-Van Cappellen et al. 1997 [DIRS 124306], p. 1873) and a molar fluorite volume of 24.542 cm3 mol−1, the rate constant was calculated as follows:
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(Eq. H-6)

The same rate constant was assumed to apply to dissolution of fluorite.  Because the study by Knowles-Van Cappellen et al. (1997 [DIRS 124306], pp. 1871 to 1877) was restricted to 25(C, the value of Ea was set equal to zero.  However, the dissolution/precipitation rate constants for most minerals have a strong dependence on temperature, and the use of Ea = 0 is likely to significantly underestimate the value of k+/– at high temperatures.

The experiments of Knowles-Van Cappellen et al. (1997 [DIRS 124306], pp. 1871 to 1877) were described in detail and appear to have been performed with care.  Unfortunately, their experimental rate constants were not reported (i.e., the information was only presented graphically and as values of kl).  Yucca Mountain pore waters are generally saturated with respect to fluorite, and it is present in trace amounts in the rock.  Therefore, fluoride concentrations are controlled by fluorite solubility (Section 6.2.2.2), and the assumption that Ea = 0 is expected to have negligible effect on predicted fluoride concentrations.  The reaction rate at 25(C is several orders of magnitude faster than the silicate minerals and nearly as fast as calcite, and therefore the temperature effect on the rate is also likely to be small.

H.3.10
Hematite and Geothite

The discussion below documents the qualification of the kinetic data for hematite, and the assumption of equilibrium for goethite, using the following methods and attributes:

· Hematite:  Methods 2 and 5; Attributes 2, 3, 4, 8, 9, and 10

· Goethite:  Method 5; Attributes 3 and10.
The thermodynamics and kinetics of hematite dissolution in bicarbonate solutions under constant CO2 pressure (0.3 atm and 0.97 atm) were studied at 25(C by Bruno et al. (1992 [DIRS 160189]) and published in Geochimica et Cosmochimica Acta.  Results of their investigation reveal that the dissolution of hematite under the above-mentioned conditions and total bicarbonate concentrations higher than 3.2 ( 10−3 mol L−1 is surface-controlled and enhanced by the presence of bicarbonate ions.  The rate expression given in their paper for the dissolution of hematite in the presence of bicarbonate is:


Rate = k+ [HCO3−]0.23
(Eq. H-7)

with k+ = 3.9 ( 10−11 mol m−2 s−1 (Bruno et al. 1992 [DIRS 160189], p. 1139).  The authors also stated that in the absence of CO2, they were unable to detect dissolution of hematite below the iron detection limit of ≈ 10−8 mol L−1.  In neither the study by Hersman et al. (1995 [DIRS 160190], pp. 3327 to 3330) nor the study by Bruno et al. (1992 [DIRS 160189]) were measurements made at higher temperatures.

In this study, the bicarbonate concentration was taken as approximately that of the initial pore water (HDPERM3) equilibrated with calcite at 22.82(C and pCO2 = 1.0 ( 10−3 bars).  This yields a rate of 8.59 ( 10−12 mol m−2 s−1, which is in the range of the dissolution rates given above, and is corroborated by another study discussed below.  Since each model simulation is slightly different and temperatures vary through the model domain, it is only necessary to have an approximate value of the temperature and bicarbonate concentration for calculation of the rate constant.  For comparison, the equilibrated bicarbonate concentration for the initial water HDPERM3 at 23.59(C in the chdump.out file (simulation dst_thc_r5_01; Output DTN:  LB0705DSTHC005.001) is 0.12355E-02, which is within 10% of the estimated value used to calculate the reaction rate.
Very little dissolution of minerals containing Fe(III), such as hematite (Fe2O3) and goethite (FeOOH), occur under oxic conditions at near-neutral pH values because of the extremely low solubility of Fe(III).  However, in the presence of high acidity and certain bidentate ligands, the dissolution of Fe(III) becomes much larger (e.g., Hersman et al. 1995 [DIRS 160190], pp. 3327 to 3330).  The dissolution mechanisms and the solubility of iron oxide minerals have been extensively studied in the last decades.  A consensus seems to exist that proton- and ligand‑promoted dissolution of iron oxide minerals can be described by surface complexation models.  Very few data, however, exist on the dissolution and precipitation kinetics of these minerals, especially for hematite.  Hersman et al. (1995 [DIRS 160190], pp. 3327 to 3330) studied the effect of siderophores (highly specific, bidentate, iron chelating ligands produced by microorganisms), 3 ( 10−3 mol L−1 oxalate, and 2 ( 10−3 mol L−1 ascorbate ligands on dissolution of hematite at pH = 3 and temperature 21 ± 0.5(C (published in Geochimica et Cosmochimica Acta).  They determined a dissolution rate constant of k+ = 1.4 ( 10−11 mol m−2 s−1 in the presence of oxalate and ascorbate, and k+ = 3 ( 10−12 mol m−2 s−1 in the presence of siderophores at concentrations comparable to those in natural systems.  These values bracket the rate calculated above of 8.59 ( 10−12 mol m−2 s−1, even though the conditions are not identical.

Because hematite and goethite are minor minerals in the tuffs, and Fe solubility is very low under the chemical conditions of the pore waters (e.g., near-neutral pH), the assumption that aqueous concentrations are controlled by local equilibrium with one of these phases is appropriate.  Thus, the secondary mineral, goethite, was assumed to be the controlling equilibrium phase, with hematite, a primary mineral in the tuffs, as a dissolving kinetic mineral (Technical Assessment).

H.3.11
Rhyolitic Glass (Vitric Units and Vitrophyres)

The discussion below documents the qualification (following methods and attributes as shown) of the kinetic data for rhyolitic glass, which is a major phase in the vitric units and in the vitrophyres.
· Rhyolitic glass:  Methods 2 and 5; Attributes 2, 3, 4, 8, 9, and 10.
To get insight into the alteration mechanisms of clay-based, silica-rich glass, Mazer et al. (1992 [DIRS 124354], pp. 573 to 576) examined naturally occurring tektites (Indochinite) by optical microscopy, transmission electron microscopy, selected-area electron microdiffraction, and energy-dispersive x-ray spectroscopy to determine mineral phases present.  The overall chemical composition of the tektites was determined by dissolving a sample in acid solution followed by chemical analysis using an inductively coupled plasma analysis.  They performed dissolution experiments with polished monoliths of tektite under selected laboratory conditions.  The alteration experiments were performed in the temperature range between 150°C and 225°C at 25°C intervals and for periods between 3 and 400 days.  Results of these experiments reveal that the degree of corrosion of the tektites strongly depends on the glass surface-to-water volume ratio (S/V).  Under high-dilution conditions (low S/V ratio), etching of the outer glass surface is the dominant reaction process.  Under conditions of restricted water contact (high S/V ratios), such as would be expected to occur at Yucca Mountain, the alteration process is initiated by water diffusion into the glass, followed by in situ hydrolysis of the silica network and formation of a poorly crystalline surface layer, which restructures with time to form a complete clay layer.  The rate at which the thickness of the altered layer grows was measured using optical microscopy and with dark-field imaging using transmission electron microscopy.  In this case, the dissolution rate of silica-rich glass follows the dependence of water diffusion through a reaction-product layer.

The volcanic glass in the rocks at Yucca Mountain is 12.5 to 13 million years old (Sawyer et al. 1994 [DIRS 100075], p. 1305), and has undergone varying degrees of alteration based on the moderate abundances of clays and zeolites in these units.  Therefore, the dissolution rate of the glass is likely to be much slower because of the alteration layer, as was documented for the tectite glass.  As an approximation, a constant-thickness product layer on the glass surface was assumed for recalculation of the dissolution-rate constant at 25(C.  To estimate the thickness of the coating, some considerations can be applied.  First, the layer cannot be thicker than a typical grain diameter (100 m).  At the lower limit, if the coating is too thin, a typical grain would have been completely dissolved in less than 10 million years, using the above relationship derived for the tectite glass.  Using the relationships derived below, a thickness of 10 m results in an inferred grain thickness dissolved of about 30 m, thus satisfying both the above requirements.  

The water diffusion rate (hydration rate) at 25°C was extrapolated from the data obtained for the studied temperature region, yielding 1.6 ( 10−7 (m2 d−1 or 1.85 ( 10−24 m2 s−1 (Mazer et al. 1992 [DIRS 124354], pp. 574).  The selected dissolution rate constant for the glass, 
k+ = 7.72 ( 10−15 mol m−2 s−1, was calculated by applying Fick’s law, assuming a uniform alteration layer of 10-(m thickness and spherical grain geometry, as follows:
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Dividing by concentration units yields an approximate rate of transport through the alteration layer, as follows:
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Plugging in the diffusion coefficient, and a thickness ((X) of 10 m, yields a transport rate of −1.8519 ( 10−19 m/s.  The rate of dissolution, R, in mol m−2 s−1 for a spherical grain is obtained as follows:
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where Vg is the grain volume, Vm is the glass molar volume, A is the grain area, and t is time.  Expanding the volume and area equations yields the following:
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A value of about 24 cm3/mol was estimated for the molar volume of the glass (e.g., the molar volume of quartz is 22.688 cm3/mol), and (r/(t was approximated as the rate of transport calculated above.  This yields a transport-limited dissolution rate of 7.72 ( 10−15 mol m−2 s−1, the value used in the THC seepage model.  For comparison, the molar volume in the thermodynamic database used in the current THC seepage model is actually higher (29.342 cm3/mol).  This difference is relatively small for the calculation of the rate, given the many uncertainties, but if employed would result in a rate of about 6.3 ( 10−15 mol m−2 s−1.

These dissolution rate values are corroborated by data from Yokoyama and Banfield (2002 [DIRS 171364], Section 5), who measured rhyolite glass dissolution rates in field studies and laboratory experiments.  Their field value (~6 ( 10−19 mol cm−2 s−1, or ~6 ( 10−15 mol m−2 s−1) corresponds closely to the dissolution rate used here.  Their experimentally determined rates were one-to-two orders of magnitude higher, which they attribute to changes in the surface properties of the rhyolite glass during crushing, and to differences between the natural and laboratory weathering conditions.  Based upon the laboratory experiments, Yokoyama and Banfield (2002 [DIRS 171364], Section 4.6.1) determined an activation energy of 63 kJ mol−1.  This value is lower than the value used here, but the differences in the field and laboratory dissolution rates suggest that it may not be applicable to dissolution under natural conditions.  

The selected value Ea = 91 kJ mol−1 was the experimental activation energy for water diffusion determined by Mazer et al. (1992 [DIRS 124354], p. 574).  A technical assessment of the methods used by Mazer et al. (1992 [DIRS 124354], pp. 573 to 576) also suggests that these data are high quality, based on the authors’ detailed description of their use of a variety of experimental techniques to characterize the chemical and mineralogical composition of their tektite sample, and the rate at which the surface was altered by water.  

Based upon corroborative data and technical assessment, the results given in Table H.2-1 can be accepted with confidence.  However, because of the natural chemical variability of tektites and volcanic glasses, the listed value of the experimental rate constant k+ = 7.72 ( 10−15 mol m−2 s−1 at 25°C is strongly dependent on the thickness of the alteration layer.  Since the other silicate minerals started with very similar dissolution rates, and then were typically adjusted by a factor of 10−2 to 10−4 to bring the rates to the range of 10−16 to 10−17, the glass rate was also reduced by a factor of 10−2, to yield a dissolution rate of 7.72 ( 10−17 mol m−2 s−1 at 25°C.
H.4
UNCERTAINTY AND Qualification OF Rate Adjustments

The selected experimental mineral dissolution-rate constants and activation energies are based on measurements using well-characterized mineral samples with adequately described experimental methods.  However, the tabulated dissolution-rate constants depend inversely on the estimated surface area of the mineral grains used for the experiments.  The usual method of determining mineral surface areas is by using gas absorption measured with the BET static volume method.  This type of surface-area measurement is made using a non-reacting gas, generally nitrogen, krypton, or argon.  BET measurements using different gases do not yield the same estimated surface areas.  For example, Ragnarsdóttir (1993 [DIRS 126601], p. 2441) determined the surface area of a crushed sample of heulandite as being 1,715 ( 11 cm2 g−1 using krypton BET measurements, and 4,176 ( 2,435 cm2 g−1 using nitrogen BET measurements.  Surface-area measurements using the inert gases are generally considered to be more reliable than those using nitrogen gas.  However, because three different gases were used among the various mineral dissolution studies cited above, any comparison of numerical mineral dissolution- and precipitation-rate constants needs to consider the uncertainties resulting from the surface-area measurements. 

With the exception of a few simple minerals such as quartz and hematite, most natural minerals show significant variations in the composition of samples collected at different locations and even of different samples taken from the same deposit.  For example, Murphy et al. (1996 [DIRS 142167], pp. 133, 139, and 129) cited the chemical composition of a clinoptilolite from Lake Tecopa, Inyo County, California, as being:
(Na0.56K0.98Ca1.50Mg1.23)(Al6.7Fe0.3)Si29O72·22H2O

and another one from Malheur County, Oregon, as being:
(Na0.954K0.543)(Ca0.761Mg0.124Ba0.062Sr0.036Mn0.0.002)(Al3.450Fe0.017 Si14.553)O36·10.922H2O

They also reported analysis results for a Na-clinoptilolite from Death Valley Junction, California, yielding a composition of:
(Na1.804K0.123Ca0.003Mg0.035)(Al1.947Fe0.044)(Si10.002Ti0.004)O24·7.43H2O

They gave the formula of the idealized (pure) Na-clinoptilolite as being:
Na2Al2Si10O24·8H2O

These different formulae are based on use of different-sized structural formula units and can be compared on an equivalent basis by normalizing them to the same number of (nonwater) oxygens.  However, even without this normalization, it is apparent from these few sample compositions that clinoptilolite and most other natural minerals show significant variations in chemical composition for samples collected at different locations. 

In addition, it must also be recognized that weathered minerals exhibit much lower dissolution rates (several orders of magnitude) than experimental values, as shown in the study by White and Brantley (2003 [DIRS 168088]) (published in Chemical Geology).  This work also showed that different silicate minerals trend to similar dissolution rates as the rock is weathered, even if their unweathered initial dissolution rates are very different, thus suggesting transport-controlled rates (White and Brantley 2003 [DIRS 168088], p. 479).  Since this work has documented dissolution rates for minerals similar to those making up the Yucca Mountain tuffs, over time periods of thousands to millions of years, the rates used in this study have been reduced and scaled to a similar order of magnitude.  These modifications reflect the long history of the tuffs 
(over 10 million years) in the unsaturated zone, after undergoing some early post-depositional elevated temperature alteration.  The rates are not unique, though, because the reactive surface area can only be estimated within a few orders of magnitude, since the wetted surface area in the pore space and in fractures that is active for flow and reaction in an unsaturated rock can only be estimated.  Furthermore, the effective rate is also dependent on the deviation from equilibrium, which is dependent on the thermodynamic data, the rates of flow in the matrix and fractures, and the percolating pore-water compositions.  Therefore, further adjustment of the rates is performed so that reasonable rates of reaction for the ambient system are obtained over long time periods (tens to hundreds of thousands of years).  These results are described in Section 6.5.5.1 and throughout Section 6.6, and show very steady chemical profiles over 100,000 years, which do not deviate significantly from the initial conditions.  Therefore the final rates are judged to be qualified for the model use by this technical assessment.  These rates are then independently validated through the modeling of the Drift Scale Test under thermally perturbed conditions, similar to that expected for the repository.
APPENDIX I

Design Information for Assumptions 7, 8, and 9
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Figure I-1.
Design Information for Drift Geometry
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Figure I-2.
Design Information for Drip Shield Dimensions
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Figure I-3.
Design Information for Waste Package Dimensions
INTENTIONALLY LEFT BLANK

APPENDIX J

ORIGINAL NUMERICAL GRID DEVELOPMENT

INTENTIONALLY LEFT BLANK

J.1
Introduction

This appendix documents the numerical grid development for the THC seepage model one‑dimensional and two-dimensional simulations.  In addition, this appendix includes the qualification for intended use of elevations of stratigraphic contacts used in the grid development (data from Table 6.5-1, from historical DTN:  LB990501233129.004 [DIRS 111475]), because these data have been superseded with similar but not identical data.  
The two-dimensional grid is developed for a drift spacing of 81 m by design, representing repository-center conditions (see Section 6.5.1).  Enlargement of the model grid to represent a drift spacing of 162 m, representing repository-edge conditions, is documented in Appendix K.

Calculation spreadsheets and input/output data files for the various utilities used in the development of these numerical grids were submitted to the TDMS under Output DTN:  LB0706DSTHC009.001.  Except for 2kgridv1a running on a PC, all other utilities were run on a Sun workstation.

The model grid was developed in three stages.  First, a mesh of the geologic column was constructed, without drift opening, as described in Section J.2 (this mesh is shown on Figure 6.5‑1, left-hand side).  In a second stage, the drift and its engineered components were discretized as  a separate mesh, as described in Section J.3 (this mesh is shown on Figure 6.5-2).  In a third stage, the geologic mesh and drift mesh were merged in one final mesh, as described in Section J.4.

The qualification, for intended use, of stratigraphic elevations used in the grid development is presented in Section J.5. 

J.2
GEOLOGIC Column MESH DEVELOPMENT (No DRIFT) 

This section describes the steps taken for developing the two-dimensional and one-dimensional grids of the geologic column described in Section 6.5.1, without a drift opening.
J.2.1
Development of the Two-Dimensional Grid

This stage of grid development consisted of the following steps:

1.
Generate initial subgrids of points (x,y coordinates):

1a.
Run mk_rect2 V1.0 and mk_circ2 V1.0 to generate individual fields of points (subgrids) as shown in Table J.2-1 (note:  actual file names to run these utilities are fixed as inp_circ and inp_rect for input, and crea.circ and crea.rect for output).  

1b.
Using the output from 1a as input, run exclude V1.0 to exclude points from the subgrids within areas of sizes shown in Table J.2-1.

Table J.2-1.
Two-Dimensional Subgrid Development:  Input and Output files

	Input File
	Utility
	Output File of Step 1a (input file for Step 1b)
	Subgrid Dimensions (m)
	Subgrid spacing (m)
	Size of excluded area (m) (exclude V1.0 input parameters)
	Final Output File

	inp_circ1
	mk_circ2
	crea.c1
	Circular, radius=4.5
	Variable
	None
	crea.c1 (unchanged)

	inp_rect1
	mk_rect2
	crea.r1
	7×7
	0.5
	Circular, inside, from <0;0> radius=4.35
	crea.r1x

	inp_rect2
	mk_rect2
	crea.r2
	14×14
	1
	Rectangle, inside, x=0 to 7, y= –7 to 7
	crea.r2x

	inp_rect3
	mk_rect2
	crea.r3
	14×24
	2
	Rectangle, inside, x=0 to 14, y= –14 to 14
	crea.r3x

	inp_rect4
	mk_rect2
	crea.r4
	To top of model
	Variable
	Rectangle, inside, x=0 to 14, y= –24 to 24
	crea.r4x

	inp_rect5
	mk_rect2
	crea.r5
	To bottom of model
	Variable
	Rectangle, inside, x=0 to 14, y= –24 to 24
	crea.r5x

	


2.
Run merggrid2 V1.0 (with 6 non-overlapping meshes, 0 overlapping meshes) to merge all the subgrids from Step 1b.  Input files are those shown in the last column of Table J.2-1 (from top down, in the same order!)  The output file is: in.merge.

3.
From the output of Step 2, generate a TOUGH2-formatted mesh running amesh V1.0:

3a.
Copy file in.merge to new file in.
3b.
Run amesh V1.0.  The input file is: in.  The output files are: eleme, conne, and segmt  (the latter file is used only to plot the mesh if needed; it is not part of the grid development).

3c.
Edit the file eleme to insert one more blank character between the X and Y columns. 

4.
Run mk_grav2 V1.0 to generate TOUGH2-formatted files including gravity vectors:

4a.
Run mk_grav2 V1.0.  The input files are: eleme and conne.  The output files are: ELEME.new and CONNE.new.
4b.
Edit output files from Step 4a to remove gridblocks and connections starting with dr, and manually insert correct top and bottom connections, including elevations from Table 6.5-1 (Section 6.5.1 of main report).

5.
Run assign V1.0 to assign hydrogeologic unit names to model layers:

5a.
Run assign V1.0.  The input files are: ELEME.new and contact.dat.  The output file is: elem_new.dat.  The file contact.dat contains the elevations of contacts between hydrogeologic units as shown in Table 6.5-1 of the main report. 

5b.
Edit elem_new.dat to insert the correct rock type, at the bottom of the file, for the top boundary and remove the gridblock starting with dr.

6.
Run dummy TOUGHREACT V3.1.1 simulation for one second or less to generate a MESH file.  This is done by creating a flow.inp file, with a dummy ROCKS input block, and inserting the contents of files ELEME.new and CONNE.new in the place for the ELEME and CONNE input blocks.  The input file is: flow.inp.  The output file is: MESH.  Note: this dummy run may abort on errors on some machines.

7.
Create input files for dual-permeability mesh generator 2kgridv1a V1.0:

7a.
Create/open a new file named 2kgrid.dat.  In this file, insert the element data from file eleme_new.dat, then insert the connection data from file MESH, without the CONNE header, and down to the “+++” record, excluded.  Then insert at the top of the file the number of element records, the number of connection records, and a zero separated by one or more spaces.

7b.
Edit file 2kgrid.dat  to replace “tt’’ in top-boundary element names by “tb.”

7c.
Create/open a new file named connec.dat.  In this file, insert the bottom part of the MESH file that is below the “+++” record.

7d.
Create or obtain file framtr.dat, which contains the fracture properties necessary for the generation of a dual-permeability grid: porosity, 1/spacing, and active-fracture parameter.  The data in this file are from sources listed in Section 4.1 of the 
main report.

8.
Generate the dual-continuum mesh:

8a.
Run 2kgridv1a V1.0.  Input files: 2kgrid.dat, connec.dat, and framtr.dat.  Output files: eleme.dat and conne.dat.

8b.
Copy files elem.dat and conne.dat into a new file called mesh_2D.dat.

9.
Manually edit mesh_2D.dat to remove unused flags and to modify the conceptualization of flow at the interface between the PTn and TSw, and TSw and CH hydrogeologic units (to avoid perching of water at these contacts where adjacent units have sharply different rock properties, consistent with SNL 2007 [DIRS 175177]).  Also, in Step 8, the fracture and matrix gridblocks were automatically offset on the x coordinate by 0.5 m.  This is for older plotting options that are no longer used; thus, the x coordinates of fracture and matrix gridblocks need to be reset to the same values.  Save the edited file as mesh_2Dfinal.dat.

9a.
Edit the x coordinates in this file such that fractures and matrix blocks have the same x coordinate (this is done with Excel; see spreadsheet xcoord.xls; this is done only to facilitate plotting of output; coordinates are not read by TOUGHREACT).  

9b.
Remove the indices “1” or “2” in the last column of connection data (from the conne.dat file; these indices are no longer used). 

9c.
Add connections between gridblocks of:  tcwF3 and ptnM1; ptnM6 and tswF1; and tswF8 and tswM9.

9d.
Make sure no downstream weighting is specified for any contacts.

9e.
Remove all fracture connections involving ch1Fv through ch6Fv and tswF9 (here taken as vitric tswF9) gridblocks.  Leave the gridblocks in the ELEME list as place holders (to keep the gridblock order uniform for plotting).

9f.
Add connections between ch3Mv and ch4Fz to avoid water perching on ch4Mz.  This is because all the fractures were removed from the vitric units in step 9e and the ch4Mz matrix permeability is very low.  This is done by copying the ch3Mv-to- ch4Mz connections and changing their designation to specify ch3Mv-to-ch4Fz connections. 

The mesh of the geological column without a drift opening is now complete.  The two‑dimensional steady-state flow fields were developed using this mesh.  The steady-state flow fields are also used to verify that the pressure, temperature, and liquid saturation gradients are uniform and strictly vertical (horizontal contours) in both fracture and matrix gridblocks, thus verifying that the dual-permeability mesh was developed properly.  

J.2.2
Development of the One-Dimensional Grid

The procedure is the same as described in Section J.2.1, but starting with one-dimensional subgrids.

1.
Run mk_rect2 V1.0.  The input files are (two separate runs):  inp_rect6 and inp_rect7.  The output files are (two separate runs):  crea.r6 and crea.r7.  (Note:  the actual file names to run this utility are fixed as inp_rect for input, and crea.rect for output).

2.
Run merggrid2 V1.0.  The input files are: crea.r6 and crea.r7.  The output file is in.merge.

3.
Same as Steps 3 to 9 in Section J.2.1, except that the mesh files created in Step 8 are named mesh_1D.dat and mesh_1Dgeol.dat. 

The one-dimensional mesh of the geologic column is now complete.  The one-dimensional steady-state flow fields and THC simulations of ambient conditions were developed using this mesh.  The steady state flow fields are also used to verify that the pressure, temperature, and liquid saturation gradients are uniform and strictly vertical (horizontal contours) in both fracture and matrix gridblocks, thus verifying that the dual-permeability mesh was developed properly. 

J.3
Drift Mesh Development

This section documents the steps taken to develop the two-dimensional numerical grid representing the drift and its components.  The discretization of the drift is based on dimensions shown on Figure 4.1.1 of the main report.  Justification of these dimensions is presented in Appendix I.

1.
Run mk_circ2 V1.0.  Input files are (two separate runs): inp_circ1 and inp_circ2.  The first file defines points centered on the drift center (radial grid from drift center), defining the drift wall and “dummy” wall rock around the drift.  The second file defines points centered on the waste package (radial grid from the center of the waste package) defining the waste package and other in-drift components.  Corresponding output files are crea.circ1 and crea.circ2.  (Note: the actual file names to run this utility are fixed as inp_circ for input, and crea.circ 
for output.)

2.
Run exclude V1.0 to weed out points at radius > 2.48 m (determined by trial and error) from crea.circ2 to avoid overlap with points in crea.circ1.  Input file is crea.circ2.  Specify “circle,” “outside,” radius = 2.48 from <0;0>.  Output file is crea.circ2a.

3.
Edit crea.circ2a to change the boundaries (points at the bottom of the file) to:

0.0  3.0
(xmin, xmax)

−3.0  3.0
(ymin,ymax)

4.
Run merggrid V1.0 (with non-overlapping option).  The input files are: creac.circ2a and crea.circ1 (in this order!).  The output file is: in.merge. 

5.
Copy file in.merge to file in.

6.
Run amesh2 (provided in with the input/output files; this is an earlier version of amesh V1.0 yielding identical results except that the coordinates of points are output with more significant digits).  Input file is: in.  The output files are: eleme, conne, and segmt (the latter file is used only to plot the mesh if needed; it is not part of the grid development).  

7.
Run mk_grav2 V1.0.  Input files are eleme and conne.  Output files are ELEME.new and CONNE.new.  

8.
Combine files ELEME.new and CONNE.new into new file mesh_dr_ini.dat. 

9.
Edit file mesh_ini_dr.dat and save as mesh_dr.dat as follow:

9a.
Remove the last three gridblocks at the bottom of the ELEME list (tt001, bb001 and dr001) and remove all connections with dr001 at the bottom of the CONNE list.

9b.
The mk_grav2 utility is “hard-wired” to name gridblocks according to their location within the drift, based on earlier drift designs.  For consistency with a more recent design (see Figure 4.1-1 in main report), some of these automatic assignments need to be changed manually as follows:

innr:
gridblock within the “inner” zone (the zone between the waste package surface and a radius of 1.251 m from the waste package center).
outr:
gridblock within the “outer” zone (the zone from the drip shield surface to the drift wall); however, gridblocks at the drift wall are excluded.
wall:
gridblocks in the “outer” zone at the drift wall.
invu:
gridblocks in the upper invert excluding those at the drift wall.
wallu:
gridblocks in the upper invert at the drift wall.
invl:
gridblocks in the lower invert excluding those at the drift wall.
walll:
gridblocks in the lower invert at the drift wall.
wpck:
gridblock representing the waste package (one gridblock).
The resulting file with the above assignments is named mesh_dr.dat.  The single-continuum mesh of the drift is now complete, and ready for merging with the dual-continuum mesh of the geologic column developed in Section J.2.1.

J.4
Merging the Drift and geologic Column Meshes  

This section describes the merging of two-dimensional geologic column mesh developed following the steps described in Section J.2.1, with the drift mesh developed following the steps described in Section J.3.  The resulting two-dimensional mesh is that used for all heat-load simulations in this report.  The merging is done using the utility mrgdrift V1.0.  This utility labels the drift gridblocks with names starting with dr.

1.
Copy mesh_2Dfinal to new file mesh_geo.dat
2.
Edit mesh_geo.dat to reset the x coordinates of gridblocks as they were originally (offset by 0.5 m; this is needed for mrgdrift V1.0).  This is done by copying the column with the 
x coordinates from file mesh_2D.dat over the column of x coordinates in file mesh_geo.dat.

3.
Run mrgdrift V1.0.  Input files are mesh_geol.dat and mesh_dr.dat.  The output mesh file is mesh.out.  Accept the defaults for all prompts, and ignore warnings, if any.

4.
Edit file mesh.out as follows and save it as mesh_final:

4a.
Reset the x coordinates of matrix and fractures  to the same values (this is done with Excel; see spreadsheet xcoord2.xls; this is done only to facilitate plotting of output; coordinates are not read by TOUGHREACT)

4b.
Change the “D” format exponent in the gridblock volume values (within the ELEME records) to “E.”  The “D” can cause errors on reading with some compilers.

4c.
In the connections between the drift gridblocks and surrounding rock (i.e., first connections starting with dr within the CONNE records), change the first connection distance from 0.1 to 0.0.

4d.
Insert a blank line at the bottom of the file.
The mesh of the geological column including the drift opening and drift components is now complete.  This mesh is used for simulations of heat load, with the source of heat specified in the gridblock representing the waste package. 

J.5
Qualification of stratigaphic contact elevations 
DTN:  LB990501233129.004 [DIRS 111475] is an historical DTN representing the unsaturated zone (UZ) model grid that was current at the time the THC seepage modeling first began.  This DTN is qualified for intended use here, using data from the most current UZ model grid (DTN:  LB0701UZMTHCAL.001 [DIRS 179286]).  This qualification effort is conducted in accordance with SCI-PRO-001 and the Data Qualification Plan presented in Appendix N (Section N.6).  The data are qualified using the Corroborating Data and Technical Assessment approaches (SCI-PRO-001, Attachment 3).
The corroborating method was chosen because: (a) Corroborating data are available for comparison:  DTN:  LB0701UZMTHCAL.001 [DIRS 179286] includes stratigraphic data for the most current UZ model grid;  this data set provides an opportunity to compare model layer elevation as well as model layer thicknesses between the two data sets;  (b) Inferences drawn to corroborate the unqualified data can be clearly identified, justified, and documented: the model grids in both data sets were derived using similar methods and represent the same properties of interest (model layer elevation and thickness) at similar model locations. 
The Technical Assessment method is also used because:  (a) The confidence in the data is in question because data collection procedures are unavailable for review: the DTN in question is output from a superseded document; (b) Documentation or proof of proper data acquisition is unavailable for review: the DTN in question is output from a superseded document.

The data from DTN:  LB990501233129.004 [DIRS 111475] are qualified below for intended use using the attributes shown (from the qualification plan).
· Attribute 1:  The personnel and organizations that generated the data in DTN:  LB990501233129.004 [DIRS 111475] are the same as those generating the updated, and corroborative, data set in DTN:  LB0701UZMTHCAL.001 [DIRS 179286].  The personnel and organizations have the level of qualification required for generating data supporting the YMP license application.
· Attributes 2, 3, and 10.  The stratigraphy of the THC model is extracted at a location near the center of the repository, located at column ‘j34’ of the old UZ model grid from DTN:  LB990501233129.004 [DIRS 111475] (at Nevada State Plane coordinates E 170572.39 m, N 233194.54 m).  The elevations of the contacts between various hydrostratigraphic units as implemented in the THC model are shown in Table J.5-1.  This table also gives the thickness of each unit in column ‘j34’.  A model column very close to the location of column ‘j34’ exists in the revised UZ numerical grid in DTN:  LB0701UZMTHCAL.001 [DIRS 179286] (Column ‘c82’ in file MESH_THN.V1, at coordinate E 170521.151 and N 233141.264 m).  The elevation and thickness of each hydrostratigraphic unit in Column ‘c82’ in DTN:  LB0701UZMTHCAL.001 [DIRS 179286] are shown in Table J.5-1 for comparison with the older data.  The top elevations and thicknesses of the units in Column ‘c82’ are quite similar to those of Column ‘j34’, particularly for the repository units ‘tsw33’, ‘tsw34’, ‘tsw35’, and ‘tsw36’.  In the THC seepage model, the waste emplacement drift (and the source of heat) is located in the ‘tsw35’ unit.  For this unit, the difference in adopted and revised thickness is only 2.1 m (a difference of about 2%).  The thickness of the ‘tsw34’ layer differs by about 2.7 m (a difference of about 6%).  These differences are largely within the natural variability of stratigraphy as well as uncertainty in locating geologic contacts from boreholes.  In addition, the ‘tsw34’ layer is situated more than 50 m away from the source of heat in the THC model and the impact of heating in the THC model is not realizable that far away.  Thus, the difference in thickness in the tsw34 layer between the adopted and updated values is unlikely to have any impact on the thermal seepage simulations in the THC seepage model.  The differences in thickness between adopted and updated values far away (both top and bottom) from the source of heat in the THC model are similarly not expected to have any significant impact on the THC simulations.  
On these bases, the stratigraphic data from the historic DTN:  LB990501233129.004 [DIRS 111475] are considered qualified for intended use in this report.

Table J.5-1.
Comparison of Adopted and Revised Values of Elevation and Thickness of Hydrostratigraphic Units for the THC Seepage Model
	Model Layer
	Adopted Data
	Revised Data

	
	Elevation, Column ‘j34’
in LB990501233129.004 [DIRS 111475] (m)
	Thickness, Column ‘j34’ in LB990501233129.004 [DIRS 111475] (m)
	Elevation, Column ‘c82’ 
in LB0701UZMTHCAL.001 [DIRS 179286] (m)
	Thickness, Column ‘c82’ 
in LB0701UZMTHCAL.001 [DIRS 179286] (m)

	Top
	1446.6 
	—
	1452.7
	—

	tcw11
	1446.6 
	27.4
	1452.7
	22.9

	tcw12
	1419.2 
	77.1
	1429.8
	97.5

	tcw13
	1342.1
	15.6
	1332.3
	5.5

	ptn21
	1326.5
	3.4
	1326.8
	2.1

	ptn22
	1323.1
	2.1
	1324.7
	5.4

	ptn23
	1321.0
	2.8
	—
	—

	ptn24
	1318.2
	5.5
	1319.3
	4.6

	ptn25
	1312.7
	9.1
	1314.7
	7.2

	ptn26
	1303.6
	9.5
	1307.5
	13.4

	tsw31
	1294.1
	14.4
	1294.1
	2.0

	tsw32
	1279.7
	30.4
	1292.1
	38.2

	tsw33
	1249.3
	80.1
	1253.9
	79.8

	tsw34
	1169.2
	37.2
	1174.1
	35.0

	tsw35
	1132.0
	101.4
	1139.1
	103.5

	tsw36
	1030.6
	33.2
	1035.6
	32.0

	tsw37
	997.4
	16.6
	1003.6
	15.9

	tsw38
	980.8
	13.8
	987.7
	17.2

	tsw39
	967.0
	10.1
	970.5
	3.4

	ch1v
	956.9
	21.7
	967.1
	13.7

	ch2v
	945.2
	13.3
	953.4
	12.2

	ch3v
	931.9
	12.7
	941.2
	12.2

	ch4z
	919.2
	12.8
	929.0
	12.2


Table J.5-1.
Comparison of Adopted and Revised Values of Elevation and Thickness of Hydrostratigraphic Units for the THC Seepage Model (Continued)
	Model Layer
	Adopted Data
	Revised Data

	
	Elevation, Column ‘j34’
in LB990501233129.004 [DIRS 111475] (m)
	Thickness, Column ‘j34’ in LB990501233129.004 [DIRS 111475] (m)
	Elevation, Column ‘c82’ 
in LB0701UZMTHCAL.001 [DIRS 179286] (m)
	Thickness, Column ‘c82’ 
in LB0701UZMTHCAL.001 [DIRS 179286] (m)

	ch5z
	906.4
	14.0
	916.8
	12.3

	ch6
	892.4
	13.9
	904.5
	17.9

	pp4
	878.5
	12.6
	886.6
	7.9

	pp3
	865.9
	32.7
	878.7
	37.5

	pp2
	833.2
	15.0
	841.2
	12.6

	pp1
	818.2
	61.5
	828.6
	61.9

	bf3
	756.7
	33.7
	766.7
	12.4

	Bottom
	730.0
	—
	754.3
	—

	DTNs:
Source:  DTNs:  LB990501233129.004 [DIRS 111475; LB0701UZMTHCAL.001 [DIRS 179286], file:  MESH_THN.V1.

NOTE:
Note that in Column ‘c82’ of DTN:  LB0701UZMTHCAL.001 [DIRS 179286] there is no ptn23 geologic layer.
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MESH MODIFICATIONS CALCULATIONS
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K.1
MESH MODIFICATIONS CALCULATIONS

Modifications were made to existing model MESH, GENER, and INCON files to increase the effective drift spacing from 81 m to 93 m and 162 m.  These modifications were made using standard Excel97 functions as summarized below.  These calculations refer to materials discussed in Section 6.5.1 of this report.

K.1.1
Outputs

The calculations were implemented and output in the following spreadsheets, submitted to the TDMS under Output DTN: LB0706DSTHC009.001:

meshdat_162m.xls
Generation of three added model columns for the 162-m case, as shown on Figure 6.1-1

infiltra_162m.xls
Calculations of infiltration rate for the added model column for the 162‑m case.

K.1.2
Inputs

Inputs to the above spreadsheets consisted of TOUGHREACT V3.1.1 model input files for the 81-m drift spacing case (Section 6.5.1):

MESH
Original model mesh input file (same for all simulations) generated as described in Appendix J

INCON
Original model initial thermal and hydrological conditions (same for all simulations) from steady state runs as submitted in this report under Output DTN:  LB0705DSSSTFLW.002.

Other inputs included the following fracture properties from DTN:  LB0205REVUZPRP.001 [DIRS 159525], file:  FRACTURE_PROPERTY.xls:


Active fracture/matrix interface area for each modeled hydrogeologic unit 


Fracture spacing for each modeled hydrogeologic unit

and infiltration flux rates computed as described below from sources listed in Section 4.1. 

K.1.3
Functions and Equations

Standard Excel arithmetic functions (addition, division, multiplication etc.) were used.  In addition, the function VLOOKUP was used to look up fracture properties for each gridblock (from a fracture property table).  Mesh data were calculated from the following relationships (for a 2-D, one-meter-thick, vertical mesh, with added 1-D columns ordered with gridblocks in descending elevation):

	Width of added model column:
	(x [m] (given as input)

	Model layer i center elevation:
	Zi [m] (input, unchanged from original)

	Active fracture/matrix area:
	afm [m2/m3] (input, unchanged from original)

	Fracture spacing:
	Fsp [m] (input, unchanged from original)

	Model layer i top:
	Zi top = (Zi + Zi-1) / 2

	Model layer i bottom:
	Zi bot = (Zi + Zi+1) / 2

	X coordinate:
	Xcoord_0  = coordinate of original (existing) right-most block

Xcoord_1 = 40.5 + (x / 2  for first added column

Xcoord = Xcoord_1 + (x / 2 for subsequent added columns

	Matrix volume:
	Vm = (x (Ztop – Zbot)

	Fracture volume:
	Vf_orig = volume of original (existing) fracture block 

 Vm_orig = volume of original (existing) matrix block 

Vf = Vm (f / (1 – (f) with  (f = Vf_orig / (Vf_orig + Vm_orig) 

     = Vm (Vf_orig/Vm_orig)

	Horizontal connections:
	Distance D1 = 40.5 – Xcoord_0 for first added column
Distance D1 = (x / 2  for subsequent added columns
Distance D2 = (x / 2
Area = (Zi top – Zi bot)  (Note:  cross-section thickness = 1 m)

	Vertical connections:
	Distance D1 = Zi – Zi bot
Distance D2 = Zi bot –  Zi+1
Area = (x   (Note: cross-section thickness = 1m)

	Fracture-matrix connections:
	Distance D1 = 0
Distance D2 = Fsp / 6
Area = afm * (0.5 Vf  + Vm).


Infiltration data were calculated from the following relationship:


Q = I dens A 10(3 / (60 ( 60 ( 24 ( 365.25)

where Q is the injection rate (kg/sec) input into simulations, I is the infiltration rate (mm/yr), dens is water density (taken as 1,000 kg/m3), and A is the connection area through which recharge occurs (m2).

aPPENDIX L

STATISTICAL CALCULATIONS
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L.1
STATISTICAL CALCULATIONS
Minimum, maximum, average, and standard deviations for abstracted concentrations of aqueous species and CO2 gas were calculated using standard Excel functions as summarized below.  These calculations refer to materials discussed in Section 6.7.2 of this report.

L.1.1
Outputs

The calculations were implemented and output in the following spreadsheets, submitted to the TDMS under Output DTN:  LB0705DSTHC008.001:

frac_stat_top-flux81_f.xls
Repository center (81-m drift spacing): calculations for fracture gridblocks with attributes FLUX, TOP, INDX = 1 through 6, water W0, as a function of time and temperature

frac_stat_top-flux162_f.xls
Repository edge (162-m drift spacing): calculations for fracture gridblocks with attributes FLUX, TOP, INDX = 1 through 6, water W0, as a function of time and temperature.

L.1.2
Inputs

Inputs to the above spreadsheets consisted of records from other spreadsheets submitted with this report under separate DTNs as shown below:  

frac_81_162_w0.xls
Predicted concentrations using water W0
(Output DTN:  LB0705DSTHC001.001)

frac_81_162_w8.xls
Predicted concentrations using water W8
(Output DTN:  LB0705DSTHC001.001)

frac_81_162_w9.xls
Predicted concentrations using water W9
(Output DTN:  LB0705DSTHC001.001)

frac_81_162_w10.xls
Predicted concentrations using water W10
(Output DTN:  LB0705DSTHC001.001).
Records from these files were filtered for the desired specific attributes (FLUX, HISAT, TOP, and INDX values) using the Excel97 menu “Data/Auto Filter,” then cut and pasted into the calculation (and output) spreadsheets listed earlier.

L.1.3
Functions

The function LOG10() was used to log the input data.
The following array functions were used to calculate summary statistics:

	Mean:
	{ =AVERAGE (IF (time_range = time, data_range) ) } 

	Maximum:
	{ =MAX (IF (time_range = time, data_range) ) } 

	Minimum:
	{ =MIN (IF (time_range = time, data_range) ) } 

	Std. Deviation:
	{ =STDEV (IF (time_range = time, data_range) ) } 

	Count (for info only):
	{ =COUNT (IF (time_range = time, data_range) ) } 


with arguments defined as:
time_range
Array of input data containing the time values for all points
time
The specific desired time value for which to apply the function

data_range
Array of input data on which to apply the function (e.g., pH, CO2 concentrations).

Calculations for multiple time periods were implemented by cutting and pasting the above array functions next to a column containing the desired specific time values.  

aPPENDIX M

STANDARDIZATION OF CO2 CONCENTRATIONS
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	Table M-1.
Standardization of CO2 Concentrations

	Sample Interval
(Borehole-Zone)
	YMP Tracking
Number
	Date
Sampled
	CO2(a)
(v/v-percent)
	Measurement
Technique
	High Conc
Correction(b)

	57-3
	SPC 0052 7911
	2/10/98
	0.102
	Li-Cor low std
	

	59-3
	SPC 0052 7900
	2/9/98
	0.084
	Li-Cor low std
	

	60-3e
	SPC 0052 7906
	2/9/98
	0.100
	Li-Cor low std
	

	61-3
	SPC 0052 7914
	2/10/98
	0.112
	Li-Cor low std
	

	74-4
	SPC 0052 7903
	2/9/98
	0.062
	Li-Cor low std
	

	77-3
	SPC 0052 7901
	2/9/98
	0.644
	Li-Cor low std
	0.76

	78-3
	SPC 0052 7913
	2/10/98
	0.244
	Li-Cor low std
	

	Heated Drift
	SPC 0052 7909
	2/10/98
	0.040
	Li-Cor low std
	

	Observation Drift
	SPC 0052 7907
	2/10/98
	0.043
	Li-Cor low std
	

	57-3
	SPC 0052 7978
	6/4/98
	0.170
	Li-Cor low std
	

	58-3
	SPC 0052 7979
	6/4/98
	0.189
	Li-Cor low std
	

	59-3
	SPC 0052 7980
	6/4/98
	0.222
	Li-Cor low std
	

	59-4
	SPC 0052 7988
	6/4/98
	0.538
	Li-Cor low std
	0.63

	74-3
	SPC 0052 7981
	6/4/98
	0.143
	Li-Cor low std
	

	75-3
	SPC 0052 7982
	6/4/98
	0.189
	Li-Cor low std
	

	76-3
	SPC 0052 7983
	6/4/98
	0.687
	Li-Cor low std
	0.81

	77-3
	SPC 0052 7984
	6/4/98
	0.621
	Li-Cor low std
	0.73

	78-3
	SPC 0052 7986
	6/4/98
	1.494
	Li-Cor low std
	1.76

	185-3
	SPC 0052 7987
	6/4/98
	0.160
	Li-Cor low std
	

	Observation Drift
	SPC 0052 7989
	6/4/98
	0.046
	Li-Cor low std
	

	57-3
	SPC 0052 7278
	8/6/98
	0.152
	Li-Cor low std
	

	58-3
	SPC 0052 7279
	8/6/98
	0.234
	Li-Cor low std
	

	59-3
	SPC 0052 7281
	8/6/98
	0.342
	Li-Cor low std
	0.40

	60-3
	SPC 0052 7283
	8/6/98
	14.160
	Li-Cor low std
	16.70

	61-3
	SPC 0052 7285
	8/6/98
	2.986
	Li-Cor low std
	3.52

	74-3
	SPC 0052 7267
	8/5/98
	0.133
	Li-Cor low std
	

	75-3
	SPC 0052 7268
	8/5/98
	0.222
	Li-Cor low std
	

	76-3
	SPC 0052 7269
	8/5/98
	0.949
	Li-Cor low std
	1.12

	77-3
	SPC 0052 7271
	8/5/98
	3.330
	Li-Cor low std
	3.93

	78-3
	SPC 0052 7273
	8/5/98
	2.474
	Li-Cor low std
	2.92

	185-3
	SPC 0052 7275
	8/6/98
	0.186
	Li-Cor low std
	

	186-2
	SPC 0052 7277
	8/6/98
	1.497
	Li-Cor low std
	1.77

	182 (56’)
	SPC 0052 7276
	8/6/98
	0.092
	Li-Cor low std
	

	182 (64’)
	SPC 0052 7266
	8/5/98
	0.054
	Li-Cor low std
	

	Observation Drift
	SPC 0052 7287
	8/6/98
	0.038
	Li-Cor low std
	

	57-3
	SPC 0052 7288
	10/7/98
	0.189
	Li-Cor low std
	

	58-3
	SPC 0052 7289
	10/7/98
	0.414
	Li-Cor low std
	0.49

	59-3
	SPC 0052 7290
	10/7/98
	0.633
	Li-Cor low std
	0.75

	61-3
	SPC 0052 7293
	10/7/98
	5.335
	Li-Cor low std
	6.29

	75-3
	SPC 0052 7994
	10/7/98
	0.374
	Li-Cor low std
	0.44

	76-3
	SPC 0052 7296
	10/7/98
	1.611
	Li-Cor low std
	1.90

	77-3
	SPC 0052 7990
	10/8/98
	0.216
	Li-Cor low std
	

	78-3
	SPC 0052 7992
	10/8/98
	2.702
	Li-Cor low std
	3.19


	Table M-1.
Standardization of CO2 Concentrations (Continued)

	Sample Interval
(Borehole-Zone)
	YMP Tracking
Number
	Date
Sampled
	CO2(a)
(v/v-percent)
	Measurement
Technique
	High Conc
Correction(b)

	185-3
	SPC 0052 7995
	10/8/98
	0.264
	Li-Cor low std
	

	186-2
	SPC 0052 7996
	10/8/98
	2.239
	Li-Cor low std
	2.64

	Observation Drift
	SPC 0052 7998
	10/8/98
	0.046
	Li-Cor low std
	

	Heated Drift
	SPC 0052 7999
	10/8/98
	0.044
	Li-Cor low std
	

	57-1
	SPC 0054 1258
	12/16/98
	0.068
	Li-Cor low std
	

	57-2
	SPC 0054 1259
	12/16/98
	0.191
	Li-Cor low std
	

	57-3
	SPC 0054 1260
	12/16/98
	0.220
	Li-Cor low std
	

	57-4
	SPC 0054 1261
	12/16/98
	0.130
	Li-Cor low std
	

	58-3
	SPC 0054 1262
	12/16/98
	0.392
	Li-Cor low std
	0.46

	59-1
	SPC 0054 1263
	12/16/98
	0.087
	Li-Cor low std
	

	59-3
	SPC 0054 1264
	12/16/98
	0.501
	Li-Cor low std
	0.59

	59-4
	SPC 0054 1267
	12/16/98
	1.562
	Li-Cor low std
	1.84

	60-2
	SPC 0054 1269
	12/16/98
	0.099
	Li-Cor low std
	

	61-1
	SPC 0054 1271
	12/16/98
	0.051
	Li-Cor low std
	

	61-2
	SPC 0054 1272
	12/16/98
	0.083
	Li-Cor low std
	

	61-4
	SPC 0054 1274
	12/16/98
	0.331
	Li-Cor low std
	0.39

	74-1
	SPC 0054 1236
	12/14/98
	0.047
	Li-Cor low std
	

	74-2
	SPC 0054 1235
	12/14/98
	0.084
	Li-Cor low std
	

	74-3
	SPC 0054 1234
	12/14/98
	0.220
	Li-Cor low std
	

	75-3
	SPC 0054 1232
	12/14/98
	0.495
	Li-Cor low std
	0.58

	76-1
	SPC 0054 1231
	12/14/98
	0.058
	Li-Cor low std
	

	76-2
	SPC 0054 1237
	12/15/98
	0.308
	Li-Cor low std
	0.36

	76-3
	SPC 0054 1239
	12/15/98
	1.430
	Li-Cor low std
	1.69

	76-4
	SPC 0054 1241
	12/15/98
	2.164
	Li-Cor low std
	2.55

	77-3
	SPC 0054 1243
	12/15/98
	0.115
	Li-Cor low std
	

	78-1
	SPC 0054 1245
	12/15/98
	0.100
	Li-Cor low std
	

	78-2
	SPC 0054 1246
	12/15/98
	2.188
	Li-Cor low std
	2.58

	78-3
	SPC 0054 1248
	12/15/98
	2.370
	Li-Cor low std
	2.80

	78-4
	SPC 0054 1250
	12/15/98
	0.358
	Li-Cor low std
	0.42

	185-1
	SPC 0054 1252
	12/15/98
	0.159
	Li-Cor low std
	

	185-2
	SPC 0054 1253
	12/15/98
	1.387
	Li-Cor low std
	1.64

	185-3
	SPC 0054 1254
	12/15/98
	0.293
	Li-Cor low std
	

	185-4
	SPC 0054 1255
	12/15/98
	0.136
	Li-Cor low std
	

	186-2
	SPC 0054 1256
	12/15/98
	2.043
	Li-Cor low std
	2.41

	Observation Drift
	SPC 0054 1266
	12/16/98
	0.038
	Li-Cor low std
	

	Heated Drift
	SPC 0054 1276
	12/16/98
	0.040
	Li-Cor low std
	

	57-3
	SPC 0055 0611
	3/2/99
	0.277
	Li-Cor low std
	

	58-3
	SPC 0055 0612
	3/2/99
	0.552
	Li-Cor low std
	0.65

	59-3
	SPC 0055 0613
	3/2/99
	0.746
	Li-Cor low std
	0.88

	60-2
	SPC 0055 0616
	3/2/99
	0.087
	Li-Cor low std
	

	61-2
	SPC 0055 0618
	3/2/99
	0.097
	Li-Cor low std
	

	74-1
	SPC 0054 1278
	3/1/99
	0.046
	Li-Cor low std
	

	74-2
	SPC 0054 1279
	3/1/99
	0.110
	Li-Cor low std
	

	74-3
	SPC 0054 1280
	3/1/99
	0.437
	Li-Cor low std
	0.52

	74-4
	SPC 0054 1281
	3/1/99
	0.302
	Li-Cor low std
	0.36

	75-3
	SPC 0054 1282
	3/1/99
	1.051
	Li-Cor low std
	1.24

	76-1
	SPC 0054 1283
	3/1/99
	0.055
	Li-Cor low std
	

	76-2
	SPC 0054 1285
	3/1/99
	0.324
	Li-Cor low std
	0.38

	76-3
	SPC 0054 1287
	3/1/99
	1.860
	Li-Cor low std
	2.19

	76-4
	SPC 0055 0600
	3/1/99
	4.987
	Li-Cor low std
	5.88

	77-3
	SPC 0055 0603
	3/2/99
	0.119
	Li-Cor low std
	

	78-1
	SPC 0054 1284
	3/2/99
	0.090
	Li-Cor low std
	

	78-3
	SPC 0055 0605
	3/2/99
	4.409
	Li-Cor low std
	5.20

	185-2
	SPC 0055 0607
	3/2/99
	2.020
	Li-Cor low std
	2.38

	185-3
	SPC 0055 0608
	3/2/99
	0.331
	Li-Cor low std
	0.39

	186-2
	SPC 0055 0609
	3/2/99
	2.455
	Li-Cor low std
	2.90

	Observation Drift
	SPC 0055 0602
	3/1/99
	0.039
	Li-Cor low std
	

	57-3
	SPC 0055 1123
	5/25/99
	0.333
	Li-Cor low std
	0.39

	58-3
	SPC 0055 1121
	5/25/99
	0.681
	Li-Cor low std
	0.80

	59-3
	SPC 0055 1119
	5/25/99
	1.101
	Li-Cor low std
	1.30

	60-2
	SPC 0055 1115
	5/25/99
	0.074
	Li-Cor low std
	

	60-3
	SPC 0055 1113
	5/25/99
	0.072
	Li-Cor low std
	

	61-2
	SPC 0055 1117
	5/25/99
	0.073
	Li-Cor low std
	

	74-1
	SPC 0055 1124
	5/25/99
	0.047
	Li-Cor low std
	

	74-2
	SPC 0055 1125
	5/25/99
	0.129
	Li-Cor low std
	

	74-3
	SPC 0055 1126
	5/25/99
	0.639
	Li-Cor low std
	0.75

	74-4
	SPC 0055 1127
	5/25/99
	0.406
	Li-Cor low std
	0.48

	75-3
	SPC 0055 1128
	5/25/99
	1.374
	Li-Cor low std
	1.62

	76-1
	SPC 0055 1130
	5/26/99
	0.058
	Li-Cor low std
	

	76-2
	SPC 0055 1131
	5/26/99
	0.535
	Li-Cor low std
	0.63

	76-3
	SPC 0055 1133
	5/26/99
	3.112
	Li-Cor low std
	3.67

	76-4
	SPC 0055 1135
	5/26/99
	13.077
	Li-Cor low std
	15.43

	77-3
	SPC 0055 1137
	5/26/99
	0.187
	Li-Cor low std
	

	78-3
	SPC 0055 1139
	5/26/99
	0.288
	Li-Cor low std
	

	185-2
	SPC 0055 1142
	5/26/99
	2.311
	Li-Cor low std
	2.73

	186-3
	SPC 0055 1143
	5/26/99
	0.426
	Li-Cor low std
	0.50

	186-2
	SPC 0055 1141
	5/26/99
	0.041
	Li-Cor low std
	

	Observation Drift
	SPC 0055 1144
	5/26/99
	0.042
	Li-Cor low std
	

	57-2
	SPC 0055 1145
	8/9/99
	0.362
	Li-Cor low std
	0.43

	57-3
	SPC 0055 1146
	8/9/99
	0.330
	Li-Cor low std
	0.39

	57-4
	SPC 0055 1147
	8/9/99
	0.173
	Li-Cor low std
	

	58-3
	SPC 0055 1148
	8/9/99
	1.209
	Li-Cor low std
	1.43

	59-2
	SPC 0055 1161
	8/9/99
	1.016
	Li-Cor low std
	

	59-3
	SPC 0055 1163
	8/9/99
	1.273
	Li-Cor low std
	1.50

	59-4
	SPC 0055 1165
	8/9/99
	6.573
	Li-Cor low std
	7.75

	60-3
	SPC 0055 1167
	8/10/99
	0.332
	Li-Cor low std
	0.39

	74-2
	SPC 0055 1170
	8/10/99
	0.158
	Li-Cor low std
	

	74-3
	SPC 0055 1171
	8/10/99
	0.649
	Li-Cor low std
	0.77

	74-4
	SPC 0055 1172
	8/10/99
	0.328
	Li-Cor low std
	0.39

	75-3
	SPC 0055 1173
	8/10/99
	1.315
	Li-Cor low std
	1.55

	76-3
	SPC 0055 1175
	8/10/99
	2.658
	Li-Cor low std
	3.14

	77-3
	SPC 0055 1177
	8/10/99
	0.152
	Li-Cor low std
	

	78-3
	SPC 0055 1179
	8/10/99
	0.123
	Li-Cor low std
	

	185-2
	SPC 0055 1182
	8/10/99
	3.214
	Li-Cor low std
	3.79

	185-3
	SPC 0055 1183
	8/10/99
	0.496
	Li-Cor low std
	0.59

	186-3
	SPC 0055 1184
	8/10/99
	0.613
	Li-Cor low std
	0.72

	Observation Drift
	SPC 0055 1181
	8/10/99
	0.038
	Li-Cor low std
	

	57-3
	SPC 0055 1186
	11/29/99
	0.431
	Li-Cor low std
	0.51

	57-4
	SPC 0055 1187
	11/29/99
	0.275
	Li-Cor low std
	

	58-3
	SPC 0055 1188
	11/29/99
	1.210
	Li-Cor low std
	1.43

	59-4
	SPC 0055 1191
	11/29/99
	9.016
	Li-Cor low std
	10.64

	61-4
	SPC 0055 1194
	11/29/99
	3.551
	Li-Cor low std
	4.19

	74-3
	SPC 0055 1197
	11/29/99
	1.330
	Li-Cor low std
	1.57

	74-4
	SPC 0055 1198
	11/29/99
	0.698
	Li-Cor low std
	0.82

	75-3
	SPC 0055 1199
	11/29/99
	2.779
	Li-Cor low std
	3.28

	76-3
	SPC 0055 7071
	11/30/99
	0.594
	Li-Cor low std
	0.70

	76-4
	SPC 0055 7058
	11/30/99
	6.861
	Li-Cor low std
	8.09

	77-3
	SPC 0055 7060
	11/30/99
	0.220
	Li-Cor low std
	

	78-3
	SPC 0055 7062
	11/30/99
	0.619
	Li-Cor low std
	0.73

	78-4
	SPC 0055 7064
	11/30/99
	1.059
	Li-Cor low std
	1.25

	185-2
	SPC 0055 7067
	11/30/99
	5.208
	Li-Cor low std
	6.14

	185-3
	SPC 0055 7068
	11/30/99
	0.895
	Li-Cor low std
	1.06

	186-3
	SPC 0055 7069
	11/30/99
	1.796
	Li-Cor low std
	2.12

	Heated Drift
	SPC 0055 1196
	11/30/99
	0.043
	Li-Cor low std
	

	Observation Drift
	SPC 0055 7066
	11/30/99
	0.040
	Li-Cor low std
	

	57-3
	SPC 0055 9314
	4/19/00
	0.383
	Li-Cor low std
	0.45

	58-3
	SPC 0055 9315
	4/19/00
	1.672
	Li-Cor low std
	1.97

	59-3
	SPC 0055 9317
	4/19/00
	0.210
	Li-Cor low std
	

	60-4
	SPC 0055 9319
	4/19/00
	0.132
	Li-Cor low std
	

	61-3
	SPC 0055 9321
	4/19/00
	0.075
	Li-Cor low std
	

	61-4
	SPC 0055 9323
	4/19/00
	6.308
	Li-Cor low std
	7.44

	74-3
	SPC 0055 9304
	4/18/00
	1.291
	Li-Cor low std
	1.52

	74-4
	SPC 0055 9305
	4/18/00
	0.724
	Li-Cor low std
	0.85

	75-3
	SPC 0055 9306
	4/18/00
	2.430
	Li-Cor low std
	2.87

	77-3
	SPC 0055 9308
	4/18/00
	0.156
	Li-Cor low std
	

	78-3
	SPC 0055 9310
	4/18/00
	0.353
	Li-Cor low std
	0.42

	78-4
	SPC 0055 9312
	4/18/00
	1.657
	Li-Cor low std
	1.95

	185-2
	SPC 0055 9300
	4/18/00
	3.877
	Li-Cor low std
	4.57

	185-3
	SPC 0055 9301
	4/18/00
	0.823
	Li-Cor low std
	0.97

	186-3
	SPC 0055 9302
	4/18/00
	1.418
	Li-Cor low std
	1.67

	Heated Drift
	SPC 0055 9326
	4/19/00
	0.042
	Li-Cor low std
	

	Observation Drift
	SPC 0055 9325
	4/19/00
	0.042
	Li-Cor low std
	

	57-3/4
	SPC 0055 9328
	8/21/00
	0.605
	Li-Cor low std
	0.71

	58-3
	SPC 0055 9329
	8/21/00
	3.262
	Li-Cor low std
	3.85

	59-3
	SPC 0055 9331
	8/21/00
	0.108
	Li-Cor low std
	

	60-2/3/4
	SPC 0055 9333
	8/21/00
	0.077
	Li-Cor low std
	

	61-3/4
	SPC 0055 9335
	8/21/00
	0.056
	Li-Cor low std
	

	74-3
	SPC 0055 9337
	8/22/00
	1.179
	Li-Cor low std
	1.39

	74-4
	SPC 0055 9338
	8/22/00
	0.978
	Li-Cor low std
	1.15

	75-3
	SPC 0055 9339
	8/22/00
	1.573
	Li-Cor low std
	1.86

	76-3
	SPC 0055 9341
	8/22/00
	0.082
	Li-Cor low std
	

	77-2/3
	SPC 0055 9343
	8/22/00
	0.095
	Li-Cor low std
	

	78-2/3
	SPC 0055 9346
	8/22/00
	0.355
	Li-Cor low std
	0.42

	185-2
	SPC 0055 9348
	8/22/00
	5.115
	Li-Cor low std
	6.03

	185-3
	SPC 0055 9350
	8/22/00
	1.405
	Li-Cor low std
	1.66

	186-3
	SPC 0055 9352
	8/22/00
	4.408
	Li-Cor low std
	5.20

	Heated Drift
	SPC 0055 9354
	8/22/00
	0.046
	Li-Cor low std
	

	Observation Drift
	SPC 0055 9345
	8/22/00
	0.040
	Li-Cor low std
	

	
	
	
	
	
	

	57-3/4
	SPC 0055 9395
	1/22/01
	0.670
	Columbus Inst
	

	58-3
	SPC 0055 9397
	1/22/01
	2.840
	Columbus Inst
	

	59-3
	SPC 0055 9399
	1/22/01
	0.110
	Columbus Inst
	

	60-3/2/4
	SPC 0055 9401
	1/22/01
	0.110
	Columbus Inst
	

	61-3/2
	SPC 0055 9403
	1/22/01
	0.054
	Columbus Inst
	

	74-3
	SPC 0055 9406
	1/23/01
	1.140
	Columbus Inst
	

	75-3
	SPC 0055 9408
	1/23/01
	1.650
	Columbus Inst
	

	76-3/2
	SPC 0055 9410
	1/23/01
	0.190
	Columbus Inst
	

	77-3/2
	SPC 0055 9412
	1/23/01
	0.090
	Columbus Inst
	

	78-3/2/4
	SPC 0055 9414
	1/23/01
	0.680
	Columbus Inst
	

	185-2
	SPC 0055 9416
	1/23/01
	6.810
	Columbus Inst
	

	185-3
	SPC 0055 9418
	1/23/01
	1.940
	Columbus Inst
	

	186-3
	SPC 0055 9420
	1/23/01
	7.760
	Columbus Inst
	

	Observation Drift 1
	SPC 0055 9394
	1/22/01
	0.040
	Columbus Inst
	

	Observation Drift 2
	SPC 0055 9422
	1/23/01
	0.040
	Columbus Inst
	

	
	
	
	
	
	

	57-3/4
	SPC 0055 9357
	4/17/01
	0.784
	Li-Cor hi stds
	

	58-3
	SPC 0055 9359
	4/17/01
	3.467
	Li-Cor hi stds
	

	59-3
	SPC 0055 9361
	4/17/01
	0.108
	Li-Cor hi stds
	

	60-3/2/4/1
	SPC 0055 9363
	4/17/01
	0.080
	Li-Cor hi stds
	

	61-3/2/4
	SPC 0055 9365
	4/17/01
	0.068
	Li-Cor hi stds
	

	74-3
	SPC 0055 9367
	4/18/01
	1.139
	Li-Cor hi stds
	

	75-3
	SPC 0055 9369
	4/18/01
	0.941
	Li-Cor hi stds
	

	76-3/2
	SPC 0055 9371
	4/18/01
	0.178
	Li-Cor hi stds
	

	77-3/2
	SPC 0055 9373
	4/18/01
	0.102
	Li-Cor hi stds
	

	78-3/2/4/1
	SPC 0055 9375
	4/18/01
	0.795
	Li-Cor hi stds
	

	185-2
	SPC 0055 9378
	4/18/01
	7.855
	Li-Cor hi stds
	

	185-3
	SPC 0055 9380
	4/18/01
	2.284
	Li-Cor hi stds
	

	186-3
	SPC 0055 9382
	4/18/01
	6.413
	Li-Cor hi stds
	

	Heated Drift
	SPC 0055 9384
	4/18/01
	0.046
	Li-Cor hi stds
	

	Observation Drift
	SPC 0055 9377
	4/18/01
	0.038
	Li-Cor hi stds
	

	57-3/4
	SPC 0055 9385
	8/7/01
	1.011
	Li-Cor hi stds
	

	58-3
	SPC 0055 9387
	8/7/01
	6.342
	Li-Cor hi stds
	

	59-3/4
	SPC 0055 9389
	8/8/01
	0.178
	Li-Cor hi stds
	

	60-3/2/4/1
	SPC 0055 9391
	8/7/01
	0.096
	Li-Cor hi stds
	

	61-3/2/4
	SPC 0055 9393
	8/7/01
	0.557
	Li-Cor hi stds
	

	74-3
	SPC 0055 9431
	8/8/01
	0.643
	Li-Cor hi stds
	

	75-3
	SPC 0055 9433
	8/8/01
	0.821
	Li-Cor hi stds
	

	76-3/2
	SPC 0055 9435
	8/8/01
	0.130
	Li-Cor hi stds
	

	77-3
	SPC 0055 9437
	8/8/01
	0.090
	Li-Cor hi stds
	

	78-3/2/4
	SPC 0055 9439
	8/8/01
	1.966
	Li-Cor hi stds
	

	185-2
	SPC 0055 9424
	8/7/01
	11.522
	Li-Cor hi stds
	

	185-3
	SPC 0055 9426
	8/7/01
	4.427
	Li-Cor hi stds
	

	186-3
	SPC 0055 9428
	8/7/01
	8.039
	Li-Cor hi stds
	

	Heated Drift
	SPC 0055 9356
	8/7/01
	0.039
	Li-Cor hi stds
	

	Observation Drift
	SPC 0055 9430
	8/7/01
	0.034
	Li-Cor hi stds
	

	57-3/4
	SPC 0101 6517
	11/27/01
	0.880
	Columbus Inst
	

	58-3
	SPC 0101 6519
	11/27/01
	2.500
	Columbus Inst
	

	59-3/4
	SPC 0101 6522
	11/28/01
	0.080
	Columbus Inst
	

	61-3/2/4
	SPC 0101 6524
	11/28/01
	0.270
	Columbus Inst
	

	74-3
	SPC 0101 6501
	11/27/01
	0.640
	Columbus Inst
	

	75-3
	SPC 0101 6504
	11/27/01
	0.850
	Columbus Inst
	

	76-1
	SPC 0101 6511
	11/27/01
	0.370
	Columbus Inst
	

	76-3/2
	SPC 0101 6509
	11/27/01
	0.920
	Columbus Inst
	

	76-4
	SPC 0101 6507
	11/27/01
	0.070
	Columbus Inst
	

	77-3
	SPC 0101 6513
	11/27/01
	0.060
	Columbus Inst
	

	78-3/2/4
	SPC 0101 6515
	11/27/01
	0.710
	Columbus Inst
	

	185-1
	SPC 0055 9448
	11/26/01
	0.690
	Columbus Inst
	

	185-2
	SPC 0055 9445
	11/26/01
	4.830
	Columbus Inst
	

	185-3
	SPC 0055 9443
	11/26/01
	2.900
	Columbus Inst
	

	185-4
	SPC 0055 9450
	11/26/01
	1.490
	Columbus Inst
	

	186-3
	SPC 0101 6526
	11/28/01
	7.700
	Columbus Inst
	

	Heated Drift
	SPC 0101 6528
	11/26/01
	0.060
	Columbus Inst
	

	Observation Drift
	SPC 0055 9452
	11/26/01
	0.070
	Columbus Inst
	

	57-3/4
	SPC 0101 6546
	1/8/02
	0.900
	Columbus Inst
	

	59-3/4
	SPC 0101 6400
	1/8/02
	0.150
	Columbus Inst
	

	61-3/2/4
	SPC 0101 6402
	1/8/02
	0.630
	Columbus Inst
	

	74-3
	SPC 0101 6538
	1/7/02
	1.080
	Columbus Inst
	

	75-3
	SPC 0101 6540
	1/7/02
	6.650
	Columbus Inst
	

	76-3/2
	SPC 0101 6542
	1/7/02
	0.770
	Columbus Inst
	

	78-3/2/4
	SPC 0101 6544
	1/7/02
	0.790
	Columbus Inst
	

	185-2
	SPC 0101 6532
	1/7/02
	7.500
	Columbus Inst
	

	185-3
	SPC 0101 6534
	1/7/02
	3.430
	Columbus Inst
	

	186-3
	SPC 0101 6536
	1/7/02
	3.450
	Columbus Inst
	

	Heated Drift
	SPC 0101 6531
	1/7/02
	0.050
	Columbus Inst
	

	Observation Drift
	SPC 0101 6530
	1/7/02
	0.060
	Columbus Inst
	

	57-3/4
	SPC 0101 6420
	1/22/02
	0.830
	Columbus Inst
	

	58-3
	SPC 0101 6422
	1/23/02
	3.870
	Columbus Inst
	

	59-3/4
	SPC 0101 6424
	1/23/02
	0.100
	Columbus Inst
	

	61-3/2/4
	SPC 0101 6426
	1/23/02
	0.510
	Columbus Inst
	

	74-3
	SPC 0101 6410
	1/22/02
	0.860
	Columbus Inst
	

	75-3
	SPC 0101 6412
	1/22/02
	4.920
	Columbus Inst
	

	76-3/2
	SPC 0101 6416
	1/22/02
	0.820
	Columbus Inst
	

	78-3/2/4
	SPC 0101 6418
	1/22/02
	1.220
	Columbus Inst
	

	185-2
	SPC 0101 6404
	1/22/02
	6.300
	Columbus Inst
	

	185-3
	SPC 0101 6406
	1/22/02
	2.450
	Columbus Inst
	

	186-3
	SPC 0101 6408
	1/22/02
	0.170
	Columbus Inst
	

	Heated Drift
	SPC 0101 6415
	1/22/02
	0.050
	Columbus Inst
	

	Observation Drift
	SPC 0101 6414
	1/22/02
	0.050
	Columbus Inst
	

	57-3/4
	SPC 0101 6444
	2/19/02
	0.970
	Columbus Inst
	

	58-3
	SPC 0101 6446
	2/19/02
	3.250
	Columbus Inst
	

	59-3/4
	SPC 0101 6448
	2/19/02
	0.070
	Columbus Inst
	

	61-3/2/4
	SPC 0101 6450
	2/19/02
	0.740
	Columbus Inst
	

	74-3
	SPC 0101 6440
	2/19/02
	0.560
	Columbus Inst
	

	75-3/4
	SPC 0101 6442
	2/19/02
	0.420
	Columbus Inst
	

	76-3/2
	SPC 0101 6436
	2/19/02
	0.120
	Columbus Inst
	

	78-3/2/4
	SPC 0101 6438
	2/19/02
	0.500
	Columbus Inst
	

	185-2
	SPC 0101 6430
	2/19/02
	6.090
	Columbus Inst
	

	185-3
	SPC 0101 6432
	2/19/02
	2.340
	Columbus Inst
	

	186-3
	SPC 0101 6434
	2/19/02
	6.730
	Columbus Inst
	

	Heated Drift
	SPC 0101 6429
	2/19/02
	0.040
	Columbus Inst
	

	Observation Drift
	SPC 0101 6428
	2/19/02
	0.050
	Columbus Inst
	

	57-3/4
	SPC 0101 6474
	3/19/02
	0.840
	Columbus Inst
	

	58-3
	SPC 0101 6476
	3/19/02
	1.570
	Columbus Inst
	

	59-3/4
	SPC 0101 6478
	3/19/02
	0.080
	Columbus Inst
	

	61-3/2/4
	SPC 0101 6480
	3/19/02
	0.120
	Columbus Inst
	

	74-3
	SPC 0101 6470
	3/19/02
	0.350
	Columbus Inst
	

	75-3/4
	SPC 0101 6472
	3/19/02
	0.270
	Columbus Inst
	

	76-3/2
	SPC 0101 6466
	3/19/02
	0.110
	Columbus Inst
	

	78-3/2/4
	SPC 0101 6468
	3/19/02
	0.190
	Columbus Inst
	

	185-2
	SPC 0101 6458
	3/19/02
	4.640
	Columbus Inst
	

	185-3
	SPC 0101 6460
	3/19/02
	1.820
	Columbus Inst
	

	186-3
	SPC 0101 6464
	3/19/02
	4.270
	Columbus Inst
	

	Heated Drift
	SPC 0101 6457
	3/19/02
	0.040
	Columbus Inst
	

	Observation Drift
	SPC 0101 6456
	3/19/02
	0.050
	Columbus Inst
	

	57-3/4
	SPC 0101 6482
	4/16/02
	0.830
	Columbus Inst
	

	58-3
	SPC 0101 6484
	4/16/02
	2.570
	Columbus Inst
	

	59-3/4
	SPC 0101 6486
	4/16/02
	0.070
	Columbus Inst
	

	61-3/2/4
	SPC 0101 6488
	4/16/02
	0.560
	Columbus Inst
	

	74-3
	SPC 0101 7202
	4/16/02
	0.330
	Columbus Inst
	

	76-3/2
	SPC 0101 6496
	4/16/02
	0.040
	Columbus Inst
	

	78-3/2/4
	SPC 0101 7200
	4/16/02
	0.270
	Columbus Inst
	

	185-2
	SPC 0101 6490
	4/16/02
	4.700
	Columbus Inst
	

	185-3
	SPC 0101 6492
	4/16/02
	2.420
	Columbus Inst
	

	186-3
	SPC 0101 6494
	4/16/02
	3.840
	Columbus Inst
	

	Heated Drift
	SPC 0101 6498
	4/16/02
	0.030
	Columbus Inst
	

	Observation Drift
	SPC 0101 6462
	4/16/02
	0.040
	Columbus Inst
	

	57-3/4
	SPC 0101 7221
	5/14/02
	1.130
	Columbus Inst
	

	58-3
	SPC 0101 7223
	5/14/02
	1.940
	Columbus Inst
	

	59-3/4
	SPC 0101 7225
	5/14/02
	0.060
	Columbus Inst
	

	61-3/2/4
	SPC 0101 7227
	5/14/02
	0.870
	Columbus Inst
	

	74-3
	SPC 0101 7207
	5/14/02
	0.410
	Columbus Inst
	

	75-3/4
	SPC 0101 7209
	5/14/02
	0.340
	Columbus Inst
	

	76-3/2
	SPC 0101 7211
	5/14/02
	0.150
	Columbus Inst
	

	78-3/2/4
	SPC 0101 7213
	5/14/02
	1.110
	Columbus Inst
	

	185-2
	SPC 0101 7215
	5/14/02
	6.500
	Columbus Inst
	

	185-3
	SPC 0101 7217
	5/14/02
	2.550
	Columbus Inst
	

	186-3
	SPC 0101 7219
	5/14/02
	3.940
	Columbus Inst
	

	Heated Drift
	SPC 0101 7206
	5/14/02
	0.050
	Columbus Inst
	

	Observation Drift
	SPC 0101 7206
	5/14/02
	0.040
	Columbus Inst
	

	57-3/4
	SPC 0101 7246
	7/24/02
	0.72
	Columbus Inst
	

	58-3
	SPC 0101 7248
	7/24/02
	0.48
	Columbus Inst
	

	59-3/4
	SPC 0101 7250
	7/24/02
	0.05
	Columbus Inst
	

	61-3/2/4
	SPC 0101 7252
	7/24/02
	0.36
	Columbus Inst
	

	74-3
	SPC 0101 7238
	7/24/02
	0.21
	Columbus Inst
	

	75-3/4
	SPC 0101 7240
	7/24/02
	0.18
	Columbus Inst
	

	76-3/2
	SPC 0101 7242
	7/24/02
	0.11
	Columbus Inst
	

	78-3/2/4
	SPC 0101 7244
	7/24/02
	0.12
	Columbus Inst
	

	185-2
	SPC 0101 7232
	7/24/02
	3.78
	Columbus Inst
	

	185-3
	SPC 0101 7234
	7/24/02
	1.46
	Columbus Inst
	

	186-3
	SPC 0101 7236
	7/24/2002
	2.72
	Columbus Inst
	186-3

	Heated Drift
	SPC 0101 7231
	7/24/02
	0.05
	Columbus Inst
	

	Observation Drift
	SPC 0101 7230
	7/24/02
	0.04
	Columbus Inst
	

	57-3/4
	SPC 0101 7270
	12/4/02
	0.642
	Columbus Inst
	

	58-3
	SPC 0101 7272
	12/4/02
	0.335
	Columbus Inst
	

	59-3/4
	SPC 0101 7274
	12/4/02
	0.093
	Columbus Inst
	

	61-3/2/4
	SPC 0101 7276
	12/4/02
	0.219
	Columbus Inst
	

	74-3
	SPC 0101 7262
	12/4/02
	0.306
	Columbus Inst
	

	75-3/4
	SPC 0101 7264
	12/4/02
	0.129
	Columbus Inst
	

	76-3/2
	SPC 0101 7266
	12/4/02
	0.073
	Columbus Inst
	

	78-3/2/4
	SPC 0101 7268
	12/4/02
	0.212
	Columbus Inst
	

	185-2
	SPC 0101 7256
	12/4/02
	1.503
	Columbus Inst
	

	185-3
	SPC 0101 7258
	12/4/02
	1.084
	Columbus Inst
	

	186-3
	SPC 0101 7260
	12/4/02
	1.927
	Columbus Inst
	

	Heated Drift
	SPC 0101 7254
	12/4/02
	0.048
	Columbus Inst
	

	Observation Drift
	SPC 0101 7255
	12/4/02
	0.054
	Columbus Inst
	

	57-3/4
	SPC 0101 7294
	3/11/03
	0.711
	Columbus Inst
	

	58-3
	SPC 0101 7296
	3/11/03
	0.401
	Columbus Inst
	

	59-3/2
	SPC 0101 7298
	3/11/03
	0.158
	Columbus Inst
	

	61-3/2/4
	SPC 0101 8800
	3/11/03
	0.469
	Columbus Inst
	

	74-3
	SPC 0101 7282
	3/10/03
	0.250
	Columbus Inst
	

	75-3/4
	SPC 0101 7284
	3/10/03
	0.097
	Columbus Inst
	

	76-3/2
	SPC 0101 7278
	3/10/03
	0.070
	Columbus Inst
	

	78-3/2/4
	SPC 0101 7280
	3/10/03
	0.178
	Columbus Inst
	

	185-2
	SPC 0101 7286
	3/10/03
	1.230
	Columbus Inst
	

	185-3
	SPC 0101 7288
	3/10/03
	0.934
	Columbus Inst
	

	186-3
	SPC 0101 7290
	3/10/03
	1.267
	Columbus Inst
	

	Heated Drift
	SPC 0101 7293
	3/10/03
	0.051
	Columbus Inst
	

	Observation Drift
	SPC 0101 7292
	3/10/03
	0.054
	Columbus Inst
	

	57-3/4
	SPC 0101 8804
	7/15/03
	0.614
	Columbus Inst
	

	58-3
	SPC 0101 8806
	7/15/03
	0.431
	Columbus Inst
	

	59-3/4
	SPC 0101 8808
	7/15/03
	0.171
	Columbus Inst
	

	61-3/2/4
	SPC 0101 8810
	7/15/03
	0.527
	Columbus Inst
	

	74-3
	SPC 0101 8812
	7/15/03
	0.235
	Columbus Inst
	

	75-3/4
	SPC 0101 8814
	7/15/03
	0.096
	Columbus Inst
	

	76-3/2
	SPC 0101 8816
	7/15/03
	0.090
	Columbus Inst
	

	78-3/2/4
	SPC 0101 8819
	7/15/03
	0.379
	Columbus Inst
	

	185-2
	SPC 0101 8821
	7/15/03
	1.235
	Columbus Inst
	

	185-3
	SPC 0101 8823
	7/15/03
	0.743
	Columbus Inst
	

	186-3
	SPC 0101 8825
	7/15/03
	1.512
	Columbus Inst
	

	Heated Drift
	SPC 0101 8827
	7/15/03
	0.051
	Columbus Inst
	

	Observation Drift
	SPC 0101 8803
	7/15/03
	0.051
	Columbus Inst
	

	57-3/4
	SPC 0101 8829
	12/16/03
	0.446
	Columbus Inst
	

	58-3/2
	SPC 0101 8831
	12/16/03
	0.192
	Columbus Inst
	

	59-3/2
	SPC 0101 8833
	12/16/03
	0.096
	Columbus Inst
	

	61-3/2/4
	SPC 0101 8835
	12/16/03
	0.185
	Columbus Inst
	

	74-3/4
	SPC 0101 8837
	12/16/03
	0.253
	Columbus Inst
	

	75-3/4
	SPC 0101 8839
	12/16/03
	0.122
	Columbus Inst
	

	76-3/2/4
	SPC 0101 8841
	12/16/03
	0.073
	Columbus Inst
	

	78-3/2/4/1
	SPC 0101 8843
	12/16/03
	0.109
	Columbus Inst
	

	185-2
	SPC 0101 8845
	12/16/03
	0.839
	Columbus Inst
	

	185-3
	SPC 0101 8847
	12/16/03
	0.504
	Columbus Inst
	

	186-3/2
	SPC 0101 8849
	12/16/03
	0.977
	Columbus Inst
	

	Heated Drift
	SPC 0101 8851
	12/16/03
	0.057
	Columbus Inst
	

	Observation Drift
	SPC 0101 8828
	12/16/03
	0.048
	Columbus Inst
	

	57-3/4
	SPC 0101 8860
	4/19/04
	0.458
	Columbus Inst
	

	58-3/2
	SPC 0101 8861
	4/19/04
	0.263
	Li-Cor hi stds(c)

	

	59-3/2
	SPC 0101 8862
	4/19/04
	0.106
	Columbus Inst
	

	61-3/2/4
	SPC 0101 8863
	4/19/04
	0.250
	Columbus Inst
	

	74-3/4
	SPC 0101 8852
	4/19/04
	0.236
	Columbus Inst
	

	75-3/4
	SPC 0101 8853
	4/19/04
	0.188
	Columbus Inst
	

	76-3/2/4
	SPC 0101 8854
	4/19/04
	0.119
	Columbus Inst
	

	78-3/2/4
	SPC 0101 8855
	4/19/04
	0.161
	Columbus Inst
	

	185-2
	SPC 0101 8856
	4/19/04
	0.87
	Li-Cor hi stds(c)
	

	185-3
	SPC 0101 8857
	4/19/04
	0.47
	Columbus Inst
	

	186-3/2
	SPC 0101 8858
	4/19/04
	0.87
	Li-Cor hi stds(c)
	

	Heated Drift
	SPC 0101 8869
	4/19/04
	0.045
	Columbus Inst
	

	Observation Drift
	SPC 0101 8859
	4/19/04
	0.042
	Columbus Inst
	

	57-3/4
	SPC 0101 8877
	8/16/04
	0.385
	Li-Cor hi stds
	

	58-3/2
	SPC 0101 8884
	8/16/04
	0.183
	Li-Cor hi stds
	

	59-3/2
	SPC 0101 8886
	8/16/04
	0.081
	Li-Cor hi stds
	

	61-3/2/4
	SPC 0101 8868
	8/16/04
	0.270
	Li-Cor hi stds
	

	74-3/4
	SPC 0101 8866
	8/16/04
	0.325
	Li-Cor hi stds
	

	75-3/4
	SPC 0101 8870
	8/16/04
	0.108
	Li-Cor hi stds
	

	76-3/2/4
	SPC 0101 8872
	8/16/04
	0.067
	Li-Cor hi stds
	

	78-3/2/4
	SPC 0101 8879
	8/16/04
	0.137
	Li-Cor hi stds
	

	185-2
	SPC 0101 8881
	8/16/04
	0.653
	Li-Cor hi stds
	

	185-3
	SPC 0101 8883
	8/16/04
	0.331
	Li-Cor hi stds
	

	186-3/2
	SPC 0101 8874
	8/16/04
	0.371
	Li-Cor hi stds
	

	Heated Drift
	SPC 0101 8865
	8/16/04
	0.049
	Li-Cor hi stds
	

	Observation Drift
	SPC 0101 8864
	8/16/04
	0.051
	Li-Cor hi stds
	

	57-3/4
	SPC 0103 4416
	1/25/05
	0.344
	Li-Cor hi stds
	

	58-3/2/4
	SPC 0103 4418
	1/25/05
	0.056
	Li-Cor hi stds
	

	59-3/2
	SPC 0103 4420
	1/25/05
	0.088
	Li-Cor hi stds
	

	61-3/2/4
	SPC 0103 4422
	1/25/05
	0.252
	Li-Cor hi stds
	

	74-3/4
	SPC 0103 4408
	1/25/05
	0.241
	Li-Cor hi stds
	

	75-3/4
	SPC 0103 4410
	1/25/05
	0.082
	Li-Cor hi stds
	

	76-3/2/4
	SPC 0103 4412
	1/25/05
	0.060
	Li-Cor hi stds
	

	78-3/2/4
	SPC 0103 4414
	1/25/05
	0.153
	Li-Cor hi stds
	

	185-2
	SPC 0103 4402
	1/25/05
	0.496
	Li-Cor hi stds
	

	185-3
	SPC 0103 4404
	1/25/05
	0.322
	Li-Cor hi stds
	

	Heated Drift
	SPC 0103 4401
	1/25/05
	0.040
	Li-Cor hi stds
	

	Observation Drift
	SPC 0103 4400
	1/25/05
	0.042
	Li-Cor hi stds
	

	57-3/4
	SPC 0103 4426
	8/1/05
	0.297
	Li-Cor hi stds
	

	58-3/2/4
	SPC 0103 4428
	8/1/05
	0.092
	Li-Cor hi stds
	

	59-3/2
	SPC 0103 4430
	8/1/05
	0.079
	Li-Cor hi stds
	

	61-3/2/4
	SPC 0103 4432
	8/1/05
	0.223
	Li-Cor hi stds
	

	74-3/4
	SPC 0103 4434
	8/1/05
	0.292
	Li-Cor hi stds
	

	75-3/4
	SPC 0103 4436
	8/1/05
	0.063
	Li-Cor hi stds
	

	76-3/2/4
	SPC 0103 4438
	8/1/05
	0.065
	Li-Cor hi stds
	

	78-3/2/4/1
	SPC 0103 4440
	8/1/05
	0.146
	Li-Cor hi stds
	

	185-2
	SPC 0103 4442
	8/2/05
	0.367
	Li-Cor hi stds
	

	185-3
	SPC 0103 4444
	8/2/05
	0.293
	Li-Cor hi stds
	

	Heated Drift
	SPC 0103 4425
	8/1/05
	0.044
	Li-Cor hi stds
	

	Observation Drift
	SPC 0103 4424
	8/1/05
	0.041
	Li-Cor hi stds
	

	57-3/4
	SPC 0103 7564
	11/29/05
	0.245
	Li-Cor hi stds
	

	58-3/2/4
	SPC 0103 7566
	11/29/05
	0.095
	Li-Cor hi stds
	

	59-3/2
	SPC 0103 7568
	11/29/05
	0.034
	Li-Cor hi stds
	

	61-3/2/4
	SPC 0103 7570
	11/29/05
	0.167
	Li-Cor hi stds
	

	74-3/4
	SPC 0103 7556
	11/29/05
	0.147
	Li-Cor hi stds
	

	75-3/4
	SPC 0103 7558
	11/29/05
	0.101
	Li-Cor hi stds
	

	76-3/2/4
	SPC 0103 7560
	11/29/05
	0.063
	Li-Cor hi stds
	

	78-3/2/4/1
	SPC 0103 7562
	11/29/05
	0.086
	Li-Cor hi stds
	

	185-2
	SPC 0103 7550
	11/29/05
	0.287
	Li-Cor hi stds
	

	185-3
	SPC 0103 7552
	11/29/05
	0.170
	Li-Cor hi stds
	

	186-3/2
	SPC 0103 7554
	11/29/05
	0.104
	Li-Cor hi stds
	

	Heated Drift
	SPC 0103 7573
	11/29/05
	0.051
	Li-Cor hi stds
	

	Observation Drift
	SPC 0103 7572
	11/29/05
	0.042
	Li-Cor hi stds
	

	Output DTN: LB0708DSTCO207.001.
(a)
Data from Table 6.3-28 of SNL 2007 [DIRS 177414].
(b)
The Li-Cor data were initially only based on a low concentration standard (400 ppm through 11/30/99 and 501 ppm from 4/18/00 through 8/22/00).  This led to low measured concentrations for the higher concentration samples (>3,000 ppm of 0.3%).  To correct for this, a standardization curve was constructed (Figure M-1) using a set of samples measured with the Li-Cor and with the Columbus Instruments analyzer at Yucca Mountain using appropriate standards (see 1/22/01 data set).

(c)
Hard disk for Columbus Instruments analyzer crashed before final three samples were analyzed.
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Figure M-1.
Standardization Curve for CO2 Data
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N.1
Qualification Plan for the Intended Use of Hydrologic Data from the Literature
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Page 1 of 1
Complete only applicable items.

Section I. Organizational Information

Qualification Title

Qualification of intended use of hydrologic data for the report MDL-NBS-HS-000001 REV05.

Requesting Organization

Near-Field Environment

Section ll. Process Planning Requirements

1. List of Unqualified Data to be Evaluated

Tortuosities used for use with thermal and diffusive transport parameters of lithologic units from Penman [DIRS
109941}, pgs. 441 and 461

2. Type of Data Qualification Method(s) [Including rationale for selection of method(s) (Attachment 3) and qualification attributes (Attachment 4)]

See Appendix O for the data qualification.

SCI-PRO-001: Technical Assessment (Method 5).

Rationale for method selection: a) The confidence in the data is in question because data collection procedures are
unavailable for review, or the procedures used are not adequate; b) Documentation or proof of proper data acquisition is
unavailable for review. Actions to be taken: b.) Determination that confidence in the data acquisition or developmental
results is warranted. A discussion and justification that the data acquisition and/or subsequent data development (e.g.,
reduction or extrapolation) discussed in source documentation was appropriate for the type of data under consideration.
This could include assurances that processes were conducted by qualified professionals; data were collected under
proper environmental conditions; collected results and/or data development are appropriate, reasonable, and suitable for
their intended use; etc. Attributes from Attachment 4 are stated below in Section 4 of this form.

3. Data Qualification Team and Additional Support Staff Required

Data Qualification Team: Nic Spycher (Chairperson), Eric Sonnenthal and Guoxiang Zhang
Additional Support Staff: Wendy Mitcheltree and David Shields

4. Data Evaluation Criteria

Qualification Process Attributes Used:
Attribute 1: Qualifications of personnel or organizations generating the data are comparable to qualification
requirements of personnel generating similar data under an approved program that supports the YMP License
Application process or post closure science.
Attribute 2: The technical adequacy of equipment and procedures used to collect and analyze the data;
Attribute 8: Prior peer or other professional reviews of the data and their results.

5. ldentification of Procedures Used

SCI-PRO-001 REV04, Qualification of Unqualified Data
SCI-PRO-006 REV05, Models

6. Plan coordinated with the following known organizations providing input to or using the results of the data qualification
This plan is internal to the Performance Assessment, Near-Field Environment Organization.

Section lll. Approval

Qualification Chairperson Printed Name Qualification Chairj Signature Date

Nic Spycher /k/ & / ) ?/ Z 7/ o 7

Responsible Manager Printed Name Resporg ible Man Si : e Date ) ! .

Geoff Freeze . w é% ANl (f / 'Z?/ 0 ?
VA | T
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N.2
Qualification Plan for the Intended Use of Thermodynamic Data from the Literature
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Complete only applicable items.

Section I. Organizational Information

Qualification Title

Qualification for the intended use of thermodynamic data for the report MDL-NBS-HS-000001 REVO05.

Requesting Organization

Near-Field Environment

Section Il. Process Planning Requirements

1. List of Unqualified Data to be Evaluated

1. Free energies of silicated oxides used for log K calculations from Chermak and Rimstidt (1989 [DIRS
105073],Table 2)

2. Input effective ionic radii for activity coefficient calculations from Helgeson et al. (1981 [DIRS 106024],
Table 3)

3. Mordenite Molar Volume from Chipera and Apps (2001 [DIRS 171017], Table 3

4. Development of input plagioclase log K values using regression coefficients from Arnorsson and
Stefansson (1999 [DIRS 153329], pg. 173, Tables 4 and 6)

5. Amorphous silica log K values from Gunnarson and Arnorsson (2000 [DIRS 160465], pg. 2295)

6. Stellerite log K revised from data of Fridriksson et al. (2001 [DIRS 160460], Table 4)

7. Solubility of silica phase resembling beta-cristobalite from Fournier (1973 [DIRS 153464], Figure 1), used
for  opal-CT solubility alpha-cristobalite solubility from Fournier and Rowe (1962 [DIRS 124282], Table 1)

2. Type of Data Qualification Method(s) [Including rationale for selection of method(s) (Attachment 3) and qualification attributes (Attachment 4)]

See Appendix C for the data qualification.

SCI-PRO-001: Technical Assessment (Method 5).

Rationale for method selection: a) The confidence in the data is in question because data collection procedures are
unavailable for review, or the procedures used are not adequate; b) Documentation or proof of proper data acquisition is
unavailable for review. Actions to be taken: b.) Determination that confidence in the data acquisition or developmental
results is warranted. A discussion and justification that the data acquisition and/or subsequent data development (e.g.,
reduction or extrapolation) discussed in source documentation was appropriate for the type of data under consideration.
This could include assurances that processes were conducted by qualified professionals; data were collected under
proper environmental conditions; collected results and/or data development are appropriate, reasonable, and suitable for
their intended use; etc. Attributes from Attachment 4 are stated below in Section 4 of this form.

3. Data Qualification Team and Additional Support Staff Required

Data Qualification Team: Nic Spycher (Chairperson), Eric Sonnenthal and Guoxiang Zhang
Additional Support Staff: Wendy Mitcheltree and David Shields

4. Data Evaluation Criteria

Qualification Process Attributes Used:
Attribute 1. Qualifications of personnel or organizations generating the data are comparable to qualification
requirements of personnel generating similar data under an approved program that supports the YMP License
Application process or post closure science.
Attribute 2. The technical adequacy of equipment and procedures used to collect and analyze the data.
Attribute 3: The extent to which the data demonstrate the properties of interest (e.g., physical, chemical, geologic,
mechanical). ~
Attribute 7: Prior uses of the data and associated verification processes;
Attribute 8: Prior peer or other professional reviews of the data and their results;

Note that one or more attributes can be used, not necessarily all for each data set listed above in Section 1.

5. Identification of Procedures Used
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Complete only applicable items.
SCI-PRO-001 REV04, Qualification of Unqualified Data
SCI-PRO-006 REV05, Models
6. Plan coordinated with the following known organizations providing input to or using the results of the data qualification
This plan is internal to the Performance Assessment, Near-Field Environment Organization.
Section lll. Approval
Qualification Chairperson Printed Name Qualification C rson S|gnature Date
Nic Spycher /// L SY22/0
Responsible Manager Printed Name Respon3|bl a er¢§|gna re Date
Geoff Freeze [7 F/L“/ / Z 4 / 0
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N.3
Qualification Plan for the Intended Use of Kinetic Data FROM White and Brantley 2003 [DIRS 1680880]
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Complete only applicable items.

Section I. Organizational Information

Qualification Title

Qualification of the intended use of kinetic data from White and Brantley 2003 [DIRS 168088] for the report MDL-NBS-HS-000001
REVO05.

Requesting Organization

Near-Field Environment

Section ll. Process Planning Requirements

1. List of Unqualified Data to be Evaluated

Dissolution rate constants from White and Brantley 2003 [DIRS 168088] used as basis for lowering rate constants (i.e.
field versus lab rates) for the following solids:

Biotite (from pg. 497, Figure 9)

Rhyolite Glass

Sanidine (from pg. 488, Table 5 and pg. 495, Figure 7)

Oligoclase (from pgs. 479, and 485, Table 4, and pg. 494, Figure 6)

2. Type of Data Qualification Method(s) [Including rationale for selection of method(s) (Attachment 3) and qualification attributes (Attachment 4)]

See Appendix H for the data qualification.

SCI-PRO-001: Technical Assessment (Method 5).

Rationale for method selection: a) The confidence in the data is in question because data collection procedures are
unavailable for review, or the procedures used are not adequate; b) Documentation or proof of proper data acquisition is
unavailable for review. Actions to be taken: b.) Determination that confidence in the data acquisition or developmental
results is warranted. A discussion and justification that the data acquisition and/or subsequent data development (e.g.,
reduction or extrapolation) discussed in source documentation was appropriate for the type of data under consideration.
This could include assurances that processes were conducted by qualified professionals; data were collected under
proper environmental conditions; collected results and/or data development are appropriate, reasonable, and suitable for
their intended use; etc. Attributes from Attachment 4 are stated below in Section 4 of this form.

3. Data Qualification Team and Additional Support Staff Required

Data Qualification Team: Nic Spycher (Chairperson) and Eric Sonnenthal
Additional Support Staff: Wendy Mitcheltree and David Shields

4. Data Evaluation Criteria

Qualification Process Attributes Used:
Attribute 1. Qualifications of personnel or organizations generating the data are comparable to qualification

requirements of personnel generating similar data under an approved program that supports the YMP License
Application process or post closure science.

Attribute 2. The technical adequacy of equipment and procedures used to collect and analyze the data.

Attribute 3: The extent to which the data demonstrate the properties of interest (e.g., physical, chemical, geologic,
mechanical).

Attribute 4: The environmental conditions under which the data were obtained if germane to the quality of data.

Attribute 8: Prior peer or other professional reviews of the data and their results;

~

5. ldentification of Procedures Used

SCI-PRO-001 REV04, Qualification of Unqualified Data
SCI-PRO-006 REV05, Models

6. Plan coordinated with the following known organizations providing input to or using the results of the data qualification

SCI-PRO-001.1-R1
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Complete only applicable items.
This plan is internal to the Performance Assessment, Near-Field Environment Organization.
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N.4
Qualification Plan for the Intended Use of Kinetic Data from THE Literature
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Complete only applicable items.

Section I. Organizational Information

Qualification Title

Qualification for the intended use of kinetic data for the report MDL-NBS-HS-000001 REVO05.

Requesting Organization

Near-Field Environment

Section Il. Process Planning Requirements

1. List of Unqualified Data to be Evaluated

1. Quartz reaction rate constant (dissolution only)and activation energy from Tester et al 1994 [DIRS 101732], pg.
2415

2. Alpha-cristobalite reaction rate constant (dissolution only) and activation energy from Renders et al 1995 [DIRS
107088], pgs. 77, and 81

3. Amorphous silica reaction rate constant (precipitation only) and activation energy from Carroll et al 1998 [DIRS
124275], pgs. 1379 through 1389

4. Amorphous silica kinetic reaction rate constant (dissolution only) and activation energy from Rimstidt and Barnes
(1980 [DIRS 101708], pgs. 1683 and 1690)

5. Clinoptilolite reaction rate constant and activation energy from Murphy et al 1996 [DIRS 142167], pg. 160

6. Heulandite dissolution rates from Ragnarsdottir 1993 [DIRS 126601], pgs. 2442, and 2447

7.  Silica kinetic reaction rate constant and activation energy from Rimstidt and Barnes 1980 [DIRS 101708], pgs.
1683, and 1690

8. Oligoclase activation energy from Blum and Stillings 1995 [DIRS 126590], pg. 313, Table 2

9. Sanidine activation energy from Berger et al 2002 [DIRS 181221}, pg. 669

10. Biotite reaction rate constant and activation energy from Malmstrom et al 1996 [DIRS 181209], pg. 208

11. Muscovite and illite reaction rate constant from Knauss and Wolery 1989 [DIRS 124300], pg. 1500

12. Kaolinite reaction rate constant from Brady and Walther 1989 [DIRS 110748], pg. 2826, Fig. 6

13. Kaolinite activation energy from Carroll and Walther 1990 [DIRS 160681], pg. 806, Table 2

14. Calcite dissolution rate constant from Svensson and Dreybrodt 1992 [DIRS 127978], pg. 129

15. Calcite activation energy from Inskeep and Bloom 1985 [DIRS 128129], pg. 2165

16. Fluorite reaction rate constant from Knowles-van Capellan et al 1997 [DIRS 124306], pg. 1873

17. Hematite reaction rate constant from Bruno et al 1992 [DIRS 160189]

18. Rhyolite glass reaction rate constant from Mazer et al 1992 [DIRS 124354], pg. 574

19. Hematite dissolution rate constant from Hersman et al. 1995 [DIRS 160190], pgs. 3327, and 3330

2. Type of Data Qualification Method(s) [Including rationale for selection of method(s) (Attachment 3) and qualification attributes (Attachment 4)]

See Appendix H for the data qualification.

SCI-PRO-001: Corroborating Data (Method 2)

Rationale for method selection: a) Corroborating data are available for comparison with the unqualified data set(s). b)
Inferences drawn to corroborate the unqualified data can be clearly identified, justified, and documented.

SCI-PRO-001: Technical Assessment (Method 5).

Rationale for method selection: a) The confidence in the data is in question because data collection procedures are
unavailable for review, or the procedures used are not adequate; b) Documentation or proof of proper data acquisition is
unavailable for review. Actions to be taken: b.) Determination that confidence in the data acquisition or developmental
results is warranted. A discussion and justification that the data acquisition and/or subsequent data development (e.g.,
reduction or extrapolation) discussed in source documentation was appropriate for the type of data under consideration.
This could include assurances that processes were conducted by qualified professionals; data were collected under
proper environmental conditions; collected results and/or data development are appropriate, reasonable, and suitable for
their intended use; etc. Attributes from Attachment 4 are stated below in Section 4 of this form.

3. Data Qualification Team and Additional Support Staff Required

Data Qualification Team: Nic Spycher (Chairperson) and Eric Sonnenthal
Additional Support Staff: Wendy Mitcheltree and David Shields

SCI-PRO-001.1-R1
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4. Data Evaluation Criteria

Qualification Process Attributes Used:

Attribute 1. Qualification of personnel or organizations that produced the data are comparable to qualification
requirements of personnel generating similar data under an approved program that supports the YMP License
Application process or post closure science.

Attribute 2. Technical adequacy of equipment and procedures used to collect and analyze the data.

Attribute 3. Extent to which the data demonstrate properties of interest.

Attribute 4. Environmental conditions under which the data were obtained.

Attribute 7. Prior uses of the data and associated verification processes.

Attribute 8. Prior peer or professional reviews of the data and their results.

Attribute 9. Extent and reliability of documentation associated with the data.

Attribute 10. Extent and quality of corroborating data or confirmatory testing results

Note that one or more attributes may be used, not necessarily all.

5. ldentification of Procedures Used

SCI-PRO-001 REV04, Qualification of Unqualified Data
SCI-PRO-006 REV05, Models

6. Plan coordinated with the following known organizations providing input to or using the results of the data qualification
This plan is internal to the Performance Assessment, Near-Field Environment Organization.

Section lll. Approval

Qualification Chairperson Printed Name Qualification irpérson Signature Date
Nic Spycher & W 7 / 2 7/0 7
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N.5
Qualification Plan for the Intended Use of Mineralogical Data from THE Literature
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Complete only applicable items.

Section I. Organizational Information

Qualification Title

Qualification for the intended use of mineralogical data for the report MDL-NBS-HS-000001 REVO05.

Requesting Organization

Near-Field Environment

Section Il. Process Planning Requirements

1. List of Unqualified Data to be Evaluated

1. Borehole SD-9 mineral abundances used for input rock mineralogy from Bish et al (2003 [DIRS 169638],
Supplementary Data Table 1) as discussed in Section 6.2.2.3.

2. Molecular formula of stellerite, and molecular formula of clinoptilolite from Chipera and Apps 2001 [DIRS 171017]
as discussed in Section 6.2.2.4 and Appendix C.

3. Smectite and rhyolite glass composition from Bish et al 1996 [DIRS 101430], Table 1 as discussed in Section
6.2.2.3 (13) and Appendix C. )

4. Input plagioclase and biotite compositions for log K calculations from Johnson et al 1998 [DIRS 101630] as
discussed in Section 6.2.2.4 and Appendix C.

5. lllite fraction in clay from Carey et al 1998 [DIRS 109051] pg. 18 as discussed in Section 6.2.2.3 (13)

6. Biotite phenocrysts composition analyses used in calculation of groundmass sanidine from Flood et al 1989
[DIRS 182723], Table 2.

2. Type of Data Qualification Method(s) [Including rationale for selection of method(s) (Attachment 3) and qualification attributes (Attachment 4)]

See Appendix O for the data qualification.

SCI-PRO-001: Corroborating Data (Method 2)

Rationale for method selection: a) Corroborating data are available for comparison with the unqualified data set(s). b)
Inferences drawn to corroborate the unqualified data can be clearly identified, justified, and documented.

SCI-PRO-001: Technical Assessment (Method 5).

Rationale for method selection: a) The confidence in the data is in question because data collection procedures are
unavailable for review, or the procedures used are not adequate; b) Documentation or proof of proper data acquisition is
unavailable for review. Actions to be taken: b.) Determination that confidence in the data acquisition or developmental
results is warranted. A discussion and justification that the data acquisition and/or subsequent data development (e.g.,
reduction or extrapolation) discussed in source documentation was appropriate for the type of data under consideration.
This could include assurances that processes were conducted by qualified professionals; data were collected under
proper environmental conditions; collected results and/or data development are appropriate, reasonable, and suitable for
their intended use; etc. Attributes from Attachment 4 are stated below in Section 4 of this form.

3. Data Qualification Team and Additional Support Staff Required

Data Qualification Team: Nic Spycher (Chairperson) and Eric Sonnenthal
Additional Support Staff: Wendy Mitcheltree and David Shields

4. Data Evaluation Criteria

Qualification Process Attributes Used:

Attribute 1: Qualifications of personnel or organizations generating the data are comparable to qualification
requirements of personnel generating similar data under an approved program that supports the YMP License
Application process or post closure science.

Attribute 2: The technical adequacy of equipment and procedures used to collect and analyze the data.

Attribute 3: The extent to which the data demonstrate the properties of interest.

Attribute 8: Prior peer or other professional reviews of the data and their results.

Attribute 10: Extent and quality of corroborating data or confirmatory testing results.

Note that one or more attributes may be used for each dataset, not necessarily all.
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5. ldentification of Procedures Used

SCI-PRO-001 REV04, Qualification of Unqualified Data

SCI-PRO-006 REV05, Models

6. Plan coordinated with the following known organizations providing input to or using the results of the data qualification

This plan is internal to the Performance Assessment, Near-Field Environment Organization.

Section lll. Approval

Qualification Chairperson Printed Name Qualification Cha#pgrson Signature Date
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N.6
Qualification Plan for the Intended Use of UNQUALIFIED DTN LB990501233129.004 [DIRS 111475]
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Section I. Organizational Information

Qualification Title

Qualification for the intended use of unqualified DTN LB990501233129.004 [DIRS 111475] for the report MDL-NBS-HS-000001
REVO0S.

Requesting Organization

Near-Field Environment

Section Il. Process Planning Requirements

1. List of’ Unqualified Data to be Evaluated

Elevation of stratigraphic contacts from LB990501233129.004 [DIRS 111475] at the location of column 34’

2. Type of Data Qualification Method(s) [Including rationale for selection of method(s) (Attachment 3) and qualification attributes (Attachment 4)]

See Appendix J for the data qualification.

SCI-PRO-001: Corroborating Data (Method 2)

Rationale for method selection: a) Corroborating data are available for comparison with the unqualified data set(s). b)
Inferences drawn to corroborate the unqualified data can be clearly identified, justified, and documented.

SCI-PRO-001: Technical Assessment (Method 5).

Rationale for method selection: a) The confidence in the data is in question because data collection procedures are
unavailable for review, or the procedures used are not adequate; b) Documentation or proof of proper data acquisition is
unavailable for review. Actions to be taken: b.) Determination that confidence in the data acquisition or developmental
results is warranted. A discussion and justification that the data acquisition and/or subsequent data development (e.g.,
reduction or extrapolation) discussed in source documentation was appropriate for the type of data under consideration.
This could include assurances that processes were conducted by qualified professionals; data were collected under
proper environmental conditions; collected results and/or data development are appropriate, reasonable, and suitable for
their intended use; etc. Attributes from Attachment 4 are stated below in Section 4 of this form.

3. Data Qualification Team and Additional Support Staff Required

Data Qualification Team: Nic Spycher (Chairperson), Eric Sonnenthal and Guoxiang Zhang
Additional Support Staff: Wendy Mitcheltree and David Shields

4. Data Evaluation Criteria

Qualification Process Attributes Used:

Attribute 1: Qualifications of personnel or organizations generating the data are comparable to qualification
requirements of personnel generating similar data under an approved program that supports the YMP License
Application process or post closure science;

Attribute 2: The technical adequacy of equipment and procedures used to collect and analyze the data;

Attribute 3: The extent to which the data demonstrate the properties of interest (e.g., physical, chemical, geologic,
mechanical);

Attribute 10: Extent and quality of corroborating data or confirmatory testing results

5. Identification of Procedures Used

SCI-PRO-001 REV04, Qualification of Unqualified Data
SCI-PRO-006 REV05, Models

6. Plan coordinated with the following known organizations providing input to or using the results of the data qualification

This plan is internal to the Performance Assessment, Near-Field Environment Organization.
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INTENTIONALLY LEFT BLANK

aPPENDIX O

Qualification for Intended Use of Hydrologic
and Mineralogical Data
INTENTIONALLY LEFT BLANK

O.1
INTRODUCTION

This section presents documentation for the data qualification of unqualified hydrologic (Section O.2) and mineralogical (Section O.3) data used as direct input to this report.  Data qualification is performed following the qualification plans: 

· Qualification Plan for the Intended Use of Hydrologic Data from the Literature given in Appendix N (Section N.1)

· Qualification Plan for the Intended Use of Mineralogical Data from the Literature given in Appendix N (Section N.5).
O.2
Qualification of Hydrologic Data
O.2.1
Data and Sources
The following data are qualified here for intended use:
· Fracture tortuosity data from Penman (1940 [DIRS 109941]) as discussed in Sections 4.1.1.1 and 6.4.6(15).
O.2.2
Qualification of the Tortuosity Data from Penman 1940 [DIRS 109941]

The data from Penman (1940 [DIRS 109941]) are qualified for intended use with Method 5 of SCI-PRO-001 (Technical Assessment).  The rationale for method selection is:  (a) The confidence in the data is in question because data collection procedures are unavailable for review, or the procedures used are not adequate; (b) Documentation or proof of proper data acquisition is unavailable for review.  These data are considered qualified for intended use based on the following attributes (facts):

· Attribute 1:  The first author of the data, Howard Latimer Penman (1909–1984), was a world-renowned scholar in soil sciences and a Fellow of the Royal Society, UK.  Qualifications of this author are comparable to qualification requirements of personnel generating hydrology data under Yucca Mountain Project procedures that support the YMP license application process or postclosure science.

· Attribute 2:  Penman (1940 [DIRS 109941], p. 461) presented an isotropic porous medium with a tortuosity of 
[image: image31.wmf]1

2

-

 or ~0.707 as an estimate.  The author also obtained an experimentally measured tortuosity value 0.66 (Penman 1940 [DIRS 109941], p. 461) based on steady-state vapor diffusion through soil material having porosities of up to 0.7, thus corroborating his own theoretical value.  Supporting data are given by de Marsily (1986 [DIRS 100439], p. 233), who states that a tortuosity value of 0.7 is within the upper range for porous media.  Its use in this model is based on the assumption that the ensemble of fractures in an unsaturated medium behaves as an isotropic porous medium, consistent with the assumption of laterally homogeneous rock properties (Section 6.4.6(15)).

· Attribute 8:  The paper by Penman (1940 [DIRS 109941]) was published in Journal of Agricultural Science.  This paper was carefully peer-reviewed by independent experts in the area, and the quality of the paper was assured.

O.3
Qualification of Mineralogical Data from Literature

O.3.1
Data and Sources
The following data are qualified here for intended use:
1. Borehole SD-9 mineral abundances used for input rock mineralogy from Bish et al. (2003 [DIRS 169638], Supplementary Data Table 1) as discussed in Section 6.2.2.3.

2. Chemical formula of stellerite and clinoptilolite from Chipera and Apps (2001 [DIRS 171017]) as discussed in Section 6.2.2.4.

3. Smectite and rhyolite glass composition from Bish et al. (1996 [DIRS 101430], Table 1) as discussed in Section 6.2.2.3(13).

4.  
Illite fraction in clay from Carey et al. (1998 [DIRS 109051], p. 18) as discussed in Section 6.2.2.3(13)

5. Input plagioclase and biotite compositions for log(K) calculations from Johnson et al. (1998 [DIRS 101630]) as discussed in Section 6.2.2.4. 

6. Biotite phenocrysts composition, used in rock calculations of composition, from 
Flood et al. (1989 [DIRS 182723], Table 2) as discussed in Section 6.2.2.4.

O.3.2
Mineral Abundance (in Weight Percent) Data for Borehole SD-9 from Bish et al. (2003 [DIRS 169638], Supplementary Data Table 1)
The data from Bish et al. (2003 [DIRS 169638], Supplementary Data Table 1) are qualified for intended use with Method 2 (Corroborating Data) and Method 5 (Technical Assessment) of SCI‑PRO-001, based on the following attributes:
· Attribute 1:  The authors are part of the Yucca Mountain team of investigators, and have the qualifications of personnel generating similar data under an approved program that support the YMP license application process or postclosure science.
· Attributes 2, 3 and 10:  Data from Bish et al. (2003 [DIRS 169638], Supplementary Data Table 1) for borehole USW SD-9 are essentially the same as the data for the same borehole submitted under qualified DTN:  LA9908JC831321.001 [DIRS 113495].  Data from Bish et al. (2003 [DIRS 169638], Supplementary Data Table 1) (also in weight percent) were made on samples from borehole SD-9, for some individual layers (e.g., PTn), and for minor mineral phases.  Their published data complements the data under DTN:  SN0307T0510902.003 [DIRS 164196] and were collected with the same methodology, equipment, and qualification of personnel as the qualified data under DTN:  LA9908JC831321.001 [DIRS 113495].
O.3.3
Chemical formula of Stellerite and Clinoptilolite from Chipera and Apps (2001 [DIRS 171017])
The zeolite chemical formulas from Chipera and Apps (2001 [DIRS 171017], Table 3), as shown in Table O.3.3-1 below, are qualified for intended use with Method 2 (Corroborating Data) and Method 5 (Technical Assessment) of SCI-PRO-001, based on the following attributes:
· Attribute 1:  The authors of this paper, Steve J. Chipera and John A. Apps, are scientists from Los Alamos National Laboratory and Lawrence Berkeley National Laboratory, respectively.  Both worked on mineralogy of the Yucca Mountain site for multiple years.  Qualifications of these authors are comparable to the qualification requirements of personnel generating mineralogical data under Yucca Mountain Project procedures that support the YMP license application process or postclosure science.
· Attributes 2 and 3:  The stellerite and clinoptilolite chemical formulae from Chipera and Apps (2001 [DIRS 171017], Table 3) are adequate for use because they were collected and developed using standard scientific practices, and are relevant to Yucca Mountain because they are based on samples from the site.  Electron microprobe analyses were used to collect the raw compositional data on zeolites of the vitric Topopah Springs Tuff, and the zeolite chemical formulae were calculated from the compositional data.
Table O.3.3-1.
YMP Zeolite Formulas and Molar Volume Qualified for Use

	Zeolite
	Formula or Molar Volume Qualified

	Stellerite
	(Ca3.9Na0.1)Al7.9Si28.1O72.0 · 28H2O

	Clinoptilolite
	(K0.8Na0.4Ca2.8)Al6.8Si29.2O72.0 · 26H2O

	Source:
Chipera and Apps 2001 [DIRS 171017], Table 3, pp. 126 and 127.


Because zeolite minerals are strong cation-exchangers, and their compositions are highly variable and site- and process-specific, the reference formulas for these minerals are commonly quite general.  These zeolite compositions in Table O.3.3-1 represent zeolites from Yucca Mountain borehole cores, and represent the properties of interest because zeolite compositions are site- and process-specific, so the use of site-specific data is highly desirable and ideal for use.  The adequacy of the chemical formulae in Table O.3.3-1 is assessed by examining whether charge balance is maintained as follows:

Net positive charge = 144 = nNa + nK + (2 ( nCa) + (3 × nAl) + (4 ( nSi)
(Eq. O.3-1)


Net negative charge = -144 = (−2 × nO )
(Eq. O.3-2)

where nX represents the subscript on element x in the chemical formula.  Application of these equations shows that the zeolite formulas for both stellerite and clinoptilolite are charge-balanced.

An assessment of the methods of data collection and development used by Chipera and Apps (2001 [DIRS 171017]) also provides confidence in the zeolite formulas presented in their paper. 

· Attribute 8: The paper by Chipera and Apps (2001 [DIRS 171017]) is published in the well-known Reviews in Mineralogy and Geochemistry, and presents a scholarly investigation into the stability of zeolite minerals in Yucca Mountain pore waters.  The paper was peer-reviewed before publication.

O.3.4
Smectite and Rhyolite Glass Composition Data from Bish et al. (1996 [DIRS 101430], Table 1)
The data from Bish et al. (1996 [DIRS 101430], Table 1) are qualified for intended use with Method 2 (Corroborating Data) and Method 5 (Technical Assessment), based on the following attributes:
· Attribute 1:  The authors are part of the Yucca Mountain team of investigators, and have the qualifications of personnel generating similar data under an approved program that support the YMP license application process or postclosure science.
· Attributes 2, 3, and 10:  Bish et al. (1996 [DIRS 101430], Table 1) present the results of electron probe microanalysis of a vitric sample collected from core from borehole USW GU-3, 30 ft below the top of the densely welded subzone of the vitric, crystal-poor member of the Topopah Spring Tuff (Tptpv3).  These glass compositions are applied to the vitric materials throughout the modeled geologic column in this report (Sections 4.1.6 and 6.2.2.3).  These data can be corroborated by data in DTN:  LASL831322AN96.002 [DIRS 171957] (SEP Table S98444_002), which report glass analysis from 
YMP boreholes, measured by electron microprobe analysis.  The data in DTN:  LASL831322AN96.002 [DIRS 171957] consists of two to five repetitive measurements on seven samples collected from four different geologic units, from boreholes USW H-4 and USW H-5.  The different samples include perlitic glass, pumice, and glass shards.  Two of the measured samples, consisting of glass shards and shard rims, were from the Tptpv3 unit in borehole USW H-5.  The corroborating data set provides opportunities to compare data from the same geologic unit (the Tptpv3), as well as to compare the data to measurements throughout the geologic column.  
The data from Bish et al. (1996 [DIRS 101430], Table 1) were collected using the same methodology (by electron microprobe analysis), and measurements for the same oxide species as for the data in DTN: LASL831322AN96.002 [DIRS 171957] (SEP table S98444_002).  These data demonstrate the properties of interest because they represent analyses of rhyolitic glass and other rocks from Yucca Mountain, thus yielding site-specific information.
Table O.3.4-1 shows the data of Bish et al. (1996 [DIRS 101430], Table 1) adopted in this report and data from DTN:  LASL831322AN96.002 [DIRS 171957].  This comparison shows good agreement between both data sets.  Note that comparing rhyolitic glass from various units in the geologic section is justified, because as stated above, the glass composition adopted in this report is applied to vitric zones throughout the entire geologic section.
Table O.3.4-1.
Comparison of Glass Compositions
	Glass Compositions from Bish et al. (1996 [DIRS 101430], Table 1) (Sample GU-3 1195C)

	
	SiO2
(wt %)
	Al2O3
(wt %)
	FeO
(wt %)
	MgO
(wt %)
	CaO
(wt %)
	Na2O
(wt %)
	K2O
(wt%)

	
	74.1
	12.4
	0.82
	0.02
	0.19
	3.55
	5.77

	Glass Compositions from DTN:  LASL831322AN96.002 [DIRS 171957]

	Borehole 
	Depth (ft) 
	Unit 
	Sample Type 
	SiO2
(wt %) 
	Al2O3
(wt %) 
	FeO
(wt %) 
	MgO
(wt %) 
	CaO
(wt %) 
	Na2O
(wt %) 
	K2O
(wt %) 

	USW H-4 
	1,312
	CH
	Perlitic glass 
	74.0
	12.3
	0.77
	—
	0.45
	3.38
	4.96

	USW H-4 
	1,312
	CH
	Perlitic glass 
	73.9
	12
	0.67
	—
	0.43
	3.27
	4.91

	USW H-4 
	1,312
	CH
	Perlitic glass 
	74.3
	12.1
	0.83
	—
	0.41
	3.29
	5.09

	USW H-4 
	1,312
	CH
	Pumice 
	73.4
	12
	0.86
	—
	0.43
	3.03
	5.39

	USW H-4 
	1,312
	CH
	Pumice 
	74.0
	12
	0.83
	—
	0.49
	3.28
	5.37

	USW H-4 
	1,312
	CH
	Pumice 
	74.0
	12
	0.73
	—
	0.43
	3.16
	5.25

	USW H-5 
	420
	TC
	Glass shard cores
	71.9
	12.1
	0.81
	—
	0.14
	3.11
	5.62

	USW H-5 
	420
	TC
	Glass shard cores
	71.3
	11.9
	0.75
	—
	0.07
	3.29
	5.18

	USW H-5 
	420
	TC
	Shard rims
	72.5
	12.1
	0.77
	0.01
	0.13
	3.48
	5.48

	USW H-5 
	420
	TC
	Shard rims
	72.6
	12
	0.73
	0.02
	0.1
	3.5
	5.37

	USW H-5 
	450
	TC
	Glass shard cores
	74.6
	11.9
	0.71
	—
	0.14
	4.21
	4.9

	USW H-5 
	450
	TC
	Glass shard cores
	73.6
	11.8
	0.77
	—
	0.18
	4.28
	4.66

	USW H-5 
	450
	TC
	Glass shard cores
	72.3
	11.8
	0.62
	—
	0.2
	4.24
	4.65

	USW H-5 
	450
	TC
	Glass shard cores
	73.7
	11.6
	0.83
	0.01
	0.2
	4.34
	4.64

	USW H-5 
	1,610
	TS
	Brown glass shards
	74.0
	12
	0.7
	—
	0.29
	3.34
	4.94

	USW H-5 
	1,610
	TS
	Brown glass shards
	72.6
	12.1
	0.69
	—
	0.3
	3.33
	4.85

	USW H-5 
	1,610
	TS
	Brown glass shards
	74.3
	12
	0.73
	0.02
	0.45
	3.42
	5.05

	USW H-5 
	1,610
	TS
	Brown glass shards
	72.7
	12.2
	0.71
	—
	0.26
	3.39
	5.16

	USW H-5 
	1,610
	TS
	Colorless shard rims
	74.5
	12.2
	0.08
	—
	0.23
	3.35
	5.09

	USW H-5 
	1,610
	TS
	Colorless shard rims
	71.5
	12.2
	0.18
	—
	0.27
	3.26
	5.07

	USW H-5 
	1,610
	TS
	Colorless shard rims
	73.1
	12.3
	0.07
	—
	0.27
	3.41
	4.91


Table O.3.4-1.
Comparison of Glass Compositions (Continued)

	Glass Compositions from DTN:  LASL831322AN96.002 [DIRS 171957] (Continued)

	Borehole 
	Depth (ft) 
	Unit 
	Sample Type 
	SiO2
(wt %) 
	Al2O3
(wt %) 
	FeO
(wt %) 
	MgO
(wt %) 
	CaO
(wt %) 
	Na2O
(wt %) 
	K2O
(wt %) 

	USW H-5 
	1,610
	TS
	Colorless shard rims
	74.0
	12.3
	0.16
	—
	0.2
	3.56
	5.05

	USW H-5 
	1,762
	CH
	Glass shards 
	72.8
	12
	0.66
	—
	0.48
	3.47
	4.75

	USW H-5 
	1,762
	CH
	Glass shards 
	73.0
	12
	0.71
	—
	0.45
	3.41
	4.9

	USW H-5 
	1,762
	CH
	Glass shards 
	73.7
	11.8
	0.76
	—
	0.49
	3.32
	4.96

	USW H-5 
	1,762
	CH
	Glass shards 
	73.7
	11.7
	0.64
	—
	0.48
	3.52
	4.96

	USW H-5 
	1,800
	CH
	Perlitic glass fragments 
	74.4
	11.8
	0.69
	—
	0.53
	3.3
	5.13

	USW H-5 
	1,800
	CH
	Perlitic glass fragments 
	74.6
	11.7
	0.47
	—
	0.52
	3.48
	5.18

	USW H-5 
	1,800
	CH
	Perlitic glass fragments 
	74.1
	11.7
	0.36
	—
	0.49
	3.26
	5.11

	


O.3.5
Illite Fraction in Clay from Carey et al. (1998 [DIRS 109051], p. 18)
The illite fraction based on Carey et al. (1998 [DIRS 109051], p. 18) is qualified for intended use with Method 5 of SCI-PRO-001 (Technical Assessment), based on the following attributes:
· Attribute 1:  The authors of this report are scientists from Los Alamos National Laboratory.  These authors have worked for multiple years on the three-dimensional mineralogical model of Yucca Mountain site.  Qualifications of these authors are comparable to, or exceed, the qualification requirements of personnel generating thermodynamic data under Yucca Mountain Project procedures that support the YMP license application process or postclosure science.

· Attribute 2:  The report contains all available mineralogical data collected from drill holes.  Minerals and mineral groups in the three-dimensional mineralogical model developed in the report include smectite + illite, sorptive zeolites (e.g., clinoptilte, mordenite, stellerite, chabazite, and erionite), tridymite, cristobalite + opal-CT, quartz, feldspar, volcanic glass, analcime, mica, and calcite.  The mineral data are based on quantitative x-ray diffraction obtained on samples from the ground surface down to the Paleozoic basement in 24 drill holes.  Mineral distributions have been obtained using a deterministic 1/r2 function.  In addition, distributions have been characterized geostatistically, and kriged solutions with confidence intervals have been obtained. 
· Attribute 8:  The paper by Carey et al. (1998 [DIRS 109051], p. 18) was published by Los Alamos National Laboratory.  This report was carefully review by independent experts such that the quality of the paper was assured.
O.3.6
Plagioclase Composition and Biotite Formula from Johnson et al. (1998 [DIRS 101630])
Plagioclase composition, Or0.07Ab0.76An0.17, and Biotite formula from Johnson et al. (1998 [DIRS 101630]) are qualified for intended use with Method 5 of SCI-PRO-001 (Technical Assessment), based on the following attributes:
· Attribute 1:  The authors of this paper are scientists from Lawrence Livermore National Laboratory.  These authors have qualifications comparable to, or exceeding, qualification requirements of personnel generating thermodynamic data under Yucca Mountain Project procedures that support the YMP license application process or postclosure science.

· Attribute 2:  Ideal representations of mineral formulas are published in reference books, such as mineralogic textbooks, encyclopedias, and geologic dictionaries that meet the YMP definition of “established fact.”  However, plagioclase and biotite represent solid‑solution series of variable compositions.  The plagioclase and biotite compositions used by Johnson et al. (1998 [DIRS 101630]) are specific to the Yucca Mountain volcanic tuff, and can be considered to have been validated by the modeling work of these authors.  In their paper, these authors compare the measured and modeled effluent concentrations from a plug-flow reactor experiment using tuff from Yucca Mountain.  Their modeling study provides confidence in the plagioclase and biotite compositions used in their work. 

· Attribute 8:  The paper by Johnson et al. (1998 [DIRS 101630]) was published in the Journal of Hydrology.  This journal is considered one of the top peer-reviewed journals in the field.  Papers published in this journal are typically reviewed by at least three independent experts, such that the quality of the paper is assured.
O.3.7
Biotite Phenocrysts Composition Data from Flood et al. (1989 [DIRS 182723], Table 2)
Biotite phenocrysts composition from Flood et al. (1989 [DIRS 182723], Table 2) are qualified for intended use with Method 5 of SCI-PRO-001 (Technical Assessment), based on the following attributes:
· Attribute 1:  The authors of the data are from the Department of Geological Sciences, Michigan State University.  The study has been supported by the Waste Isolation and Containment Programs at Lawrence Livermore National Laboratory.  Qualifications of these authors are comparable to, or exceed, the qualification requirements of personnel generating data under Yucca Mountain Project procedures that supports the YMP license application process or postclosure science.

· Attribute 2:  Chemical compositions of biotite, magnetite, and ilmenite separates were obtained from individual glassy pumice fragments that were collected from the unwelded tops and bottoms of the Topopah Spring and Pah Canyon ash-flow sheets that well‑represent the tuff layers.  The Topopah Spring Member is represented by 21 major- and trace-element analyses, and the Pah Canyon Member is represented by 15 major- and trace-element analyses.  The estimated standard deviation by the authors is less than 2% for most components and 6.7% as the maximum.  The average chemical compositions of the magnetites and the ilmenites were determined for 11 pumice fragments from the Topopah Spring Member and 12 pumice fragments from the Pah Canyon Member.  The methods for the measurements and the analyses are considered adequate. 

· Attribute 8:  The paper by Flood et al. (1989 [DIRS 182723], Table 2) was published in Journal of Volcanology and Geothermal Research.  This journal is considered one of the top peer-reviewed journals in its field.  Papers published in this journal are typically reviewed by at least three independent experts, such that the quality of the paper 
is assured.
aPPENDIX P
RESOLUTIONS OF CONDITION REPORTS
INTENTIONALLY LEFT BLANK

The following condition reports (CRs) have been addressed (or not) in this report revision.  Where appropriate, text from the technical work plan (TWP) (SNL 2007 [DIRS 179287) has been included for additional background.  Descriptions of how the CRs have been addressed (or not) are presented in shaded text.
1.
CR-5154:  Use of invert thermal and hydrologic properties that are not based on the ballast material description on the IED.

This CR has been addressed by use of updated invert properties as described in Section 4.1.
2.
CR-5383:  Use of DST waters affected by introduced materials in validation of the THC seepage model.  To address this CR, when the updated THC seepage model is re‑validated, all sampled DST waters will be re-evaluated for use.  Potential contamination of sample waters by introduced materials will be based on the determinations of “not affected,” “possibly affected,” or “affected” in Thermal Testing Measurements Report (SNL 2007 [DIRS 177414]), and will be noted in tables and figures in the validation section of the THC seepage report.

Also, in previous revisions of the THC seepage report, waters interpreted as probably being in-line condensate were excluded from the validation analysis.  However, the excluded waters do not directly correlate to waters designated as condensate in Thermal Testing Measurements Report (SNL 2007 [DIRS 177414]).  During re-validation, all waters designated as condensate in that report will be excluded, or will be clearly indicated on comparison plots as affected or possibly affected.

This CR has been addressed by re-evaluating for the DST waters for use in model validation in Section 7.  Potential contamination of sample waters by introduced materials have been based on the determinations of “not affected,” “possibly affected,” or “affected” in Thermal Testing Measurements Report (SNL 2007 [DIRS 177414]), and have been noted in tables and figures in Section 7.  In addition, during revalidation, all waters designated as condensate in that report have been clearly indicated on comparison plots.  Appropriate discussions of measurement uncertainty have also been provided in Section 7.
3.
CR-6334:  Errors and inconsistencies in simulation of new infiltration.  New average percolation flux values will be estimated using infiltration flux data obtained from the new infiltration model, documented in Simulation of Net Infiltration for Present Day and Potential Future Climates (SNL 2007 [DIRS 174294]) for use in all THC seepage model simulations and sensitivity analyses described here.  The values used will be consistent with the average infiltration fluxes, and basis for estimating percolation from infiltration, as developed for revision of Multiscale Thermohydrologic Model (SNL 2007 [DIRS 181383]).
This CR has been addressed by use of updated average percolation flux values as described in Section 4.1.  The values used are consistent with the average infiltration fluxes, and basis for estimating percolation from infiltration, as developed the Multiscale Thermohydrologic Model (SNL 2007 [DIRS 181383]).
4.
CR-6342:  Errors and traceability for reactive surface area in THC models.  Errors in the calculation of the mineral reactive surface areas used by the THC seepage model have been identified, and traceability is lacking for the values used in the model (see BSC 2005 [DIRS 172862], Appendix B).

This CR has been addressed by additional description of calculations provided in Sections 6.2.2.3 and 6.4.3, and by filing of all new calculations under new specific DTNs as described in Appendix G.
5.
CR-6344:  Database file not captured for SOLVEQ/CHILLER calculations.
SOLVEQ/CHILLER calculations are no longer used in this report, and therefore this CR is no longer relevant.
6.
CR-6489:  Sensitivity studies on the form of sepiolite used in ANL-EBS-MD-000074, Rev. 00.  The Mg-silicate phase(s) in the THC thermodynamic and kinetic databases will be selected and used in a manner consistent with associated changes in the in-drift precipitates/salts model, in response to this CR.

Sepiolite is no longer considered as a potential secondary mineral in this report, and an amorphous form of magnesium silicate is used instead as described in Section 6.2.2.2 (and as done in the in-drift precipitates/salts model), thus addressing this CR.
7.
CR-6491:  Scientific Notebooks do not meet requirements.  In response to this CR, development work for the THC seepage model will be documented in the report itself, to the extent necessary to achieve transparency and traceability.  

This CR was addressed by developing all work for the THC seepage model through documentation in the report itself, without recourse to Scientific Notebooks.
8.
CR-6492:  Technical issues with Rev. 04 of Drift-Scale THC Seepage Model.  These include:

–
The data qualification report for the THC thermodynamic database, Data Qualification for Thermodynamic Data Used to Support THC Calculations (BSC 2004 [DIRS 170268]), is not cited in the THC seepage report.  References to the data qualification report will be added to the THC seepage report.

All thermodynamic data in this report were taken from qualified sources or 
were qualified in this report as described in Appendix C.  This issue is therefore no longer relevant.
–
Conclusions concerning model sensitivity to mineral dissolution rate constants are not adequately supported.  A drift-scale THC simulation using mineral surface areas or dissolution rate constants varying by an order of magnitude from the base case will be run as a sensitivity analysis.

This issue has been addressed by new sensitivity analyses on reaction rates presented in Section 6.6.5.
–
The process of selecting starting water compositions for the THC seepage model is not adequately documented.  As stated earlier, the starting water compositions will be consistent with the selection documented in Engineered Barrier System:  Physical and Chemical Environment (SNL 2007 [DIRS 177412]).
As described in Section 6.2.2.1, the selection of these waters is described in Engineered Barrier System:  Physical and Chemical Environment (SNL 2007 [DIRS 177412]).  The selected waters were then provided to the THC modeling team for input into the current THC seepage model, thus addressing this CR.
9.
CR-6691:  Failure to maintain mass balance in THC normative salt precipitation calculations.  The THC seepage model uses a normative salt precipitation routine to precipitate out solutes when the prescribed liquid saturation limit or ionic strength limit are exceeded.  However, some components may not be conserved during this dryout implementation, depending on the list of normative salts and the order in which they 
are applied.

This CR was addressed by selecting a new list of dryout minerals as described in Section 6.4.5 and conducting sensitivity analyses as well as evaluating mass balances as presented in Section 6.6.4.  These evaluations confirm that the model results are not significantly affected by the normative salt precipitation procedure.
10.
CR-7037:  New information available from THC sensitivity analyses (ANL-NBS-HS-000047 Rev. 00).  TOUGHREACT simulations at repository center and edge conditions were shown to have different bin histories in the THC sensitivity study (BSC 2006 [DIRS 174104]).  A sensitivity analysis will be run to evaluate differences in composition of potential seepage waters at the repository edge.  In addition, potential seepage water compositions will be selected from zones of higher liquid saturation, further away than the boiling/wetting front (e.g., from waters designated “HISAT” instead of those designated “FRONT,” as defined in BSC 2004 [DIRS 169858], Section 6.2.1.3).

This CR was addressed by including repository-edge simulations in this report in addition to repository-center simulations, as discussed in Section 6.5.1.  In addition, predicted water compositions are now selected from model locations within condensation zones, as discussed in Section 6.4.8.
11.
CR-7187:  Opportunity to improve THC model validation.  This CR suggests using results from a THC crushed tuff column test (Lowry 2001 [DIRS 157900]) as an additional validation test case.  These data will be used during model development, to the extent practical, to evaluate and adjust the values of input parameters (e.g., mineral reactive surface areas).

This CR suggests further model validation against additional experimental data.  However, the available experimental data suggested in this CR are poorly constrained, and therefore are difficult to implement in a test case.  The existing validation test cases are appropriate and sufficient.
12.
CR-7193:  RIT action items associated with AMR MDL-NBS-HS-000001, Drift Scale Coupled Process Model.  Most of the action items carried forward in this CR will be addressed through the simulations in the THC sensitivity study or are being addressed by other CRs listed in this appendix; a complete list of the action items is presented here:

–
2-D simulations cause drift pressurization.  This effect will be evaluated by examining in-drift pressures predicted through time.  Pressures will be extracted from 
THC seepage model outputs, and representative data will be reported in the THC seepage report.

Summary spreadsheets of model results submitted to the TDMS under DTNs listed in Appendix J include pressure as a function of time in rock directly at the drift wall.  These model data show that between 50 and ~75 years, pressures in the rock matrix reach a maximum of about 2.5( atmospheric values.  For all times thereafter, pressure remains at essentially atmospheric values in both fracture and matrix gridblocks.  The inclusion of these results in outputs of this report address this issue.
–
Repository edge effects on seepage compositions.  This item is being addressed by the actions for CR-7037.

See CR-7037.
–
Justification that the DST-THC model, which does not include cool-down, validates the THC Seepage model.  This item is being addressed by including the DST cool‑down data in the DST-THC model validation comparisons.

This issue was addressed by including the DST cool-down period in model validation as described in Section 7.1.3.
–
Improve integration of the THC and seepage models.  This item is being addressed by the THC sensitivity study workscope.

This issue is addressed in the report THC Sensitivity Study of Heterogeneous Permeability and Capillarity Effects (SNL 2007 [DIRS 177413]).
–
The 2-D THC model does not account for axial transport of vapor.  This item will be addressed in development of the near-field chemistry model.

This issue is addressed in the report Engineered Barrier System: Physical and Chemical Environment (BSC 2007 [DIRS 177412]).
–
Inadequate justification that flow focusing due to THC processes will not increase vertical fluxes at the drift crown.

As discussed in Section 6.4.8, this issue is no longer relevant.
–
Plug flow reactor and fracture sealing experiment validation simulations were run with old model, and do not validate the current THC seepage model.  The plug flow reactor simulations will be re-run using updated inputs, and used for confidence building during model development.  The fracture sealing experiment simulations will not be re-run.  These experiments will not be used for model validation.

The plug-flow reactor experiment was not rerun in the current report.  Rerunning simulations of these experiments was deemed non-essential for this report.  However, the results of the older (historical) simulations of both the plug‑flow and fracture sealing experiment were included in Sections 7.2 and 7.3, respectively, to provide added confidence in the conceptual model that is the basis of the THC seepage model, but not for model validation.
–
Technical issues with the THC model:

· Justification for the ionic strength range for the Helgeson-Kirkham-Flowers model.
Text was added in Section 6.4.1 pointing to Section A.H.1 of the User Information Document for TOUGHREACT V3.1.1 (DOE 2007 [DIRS 182183]) for specific tests on the ionic strength range for the Helgeson-Kirkham-Flowers model.
· Mechanism for handling salt precipitation and redissolution.  
This is addressed by the actions for CR-6691.
· Minor corrections in discussion of pCO2 values used in the model.
The section discussing ambient CO2 partial pressure (Section 6.2.2.1) was revised.
· Evaluate the importance of the processes of salt separation, deliquescence, and acid degassing, currently not included in the THC seepage model.
A discussion pointing to the in-drift precipitates/salts model was added in Section 6.4.5.
· Clarify discussion of using 50% of a doubled fracture porosity as fracture minerals.
The discussion in Section 6.4.6 (11) has been clarified.
· Discuss the effect of mineral precipitation in the fracture on matrix-fracture coupling.
A discussion was added in Section 6.1.2.5 and in model approximation 8 in Section 6.4.6. 
· Applicability of the ambient air-conductivity data.
A new model approximation (number 26 in Section 6.4.6) was added to this effect.  
· Some missing data points on validation plots.

This is addressed by the actions for CR-5383.
· Basis for aqueous diffusion coefficients is not provided.
A discussion was added to Section 4.1.1.1.
13.
CR-7697:  Minor transparency and traceability issues in the THC model.  Three minor issues are included in this CR:  

–
Calculation of activity coefficients for neutral species in solution, primarily CO2(aq) is incorrectly described in the current version of the THC Seepage model.
The discussion was corrected in Section 6.4.1.
–
In Table 6.1-1 of Rev. 04 of the THC seepage report and its associated text, the starting water W5 is attributed to unit Tptpul, while it is actually in unit Tptpmn.  The top of the borehole is in the Tptpul unit, but the interval from which the sample was collected was actually in the lower unit.

New input water compositions have been selected for this report as shown on Table 6.2‑1, making this issue no longer relevant.
–
The mineral sepiolite was not included in the initial mineral volume fraction and mineral reactive surface area summary tables in Appendices A and B or in the supporting spreadsheet.
Appendices A and B have been updated to include data for all minerals considered in the simulations, including a new amorphous magnesium silicate replacing sepiolite (amorphous antigorite).
14.
CR-7811:  Discrepancy between MDL-NBS-HS-000001 Rev. 04, Section 6.4.1, and the TOUGHREACT V3.0 description of activity coefficients for neutral species.  In Revision 05 of the THC seepage model report, the discussion will be changed to conform with the specific code features that are used to represent neutral species.

This CR was addressed by correcting the discussion in Section 6.4.1, as well as in the documentation of the new TOUGHREACT version used in this report.
15.
CR-8009: Capillary pressure function flag of 10 and Leverett scaling function in TOUGHREACT.

This CR was addressed by the qualification of  TOUGHREACT V3.1.1.

16.
CR-8032:  THC time stepping effect unresolved (MDL-NBS-HS-000001).  Model sensitivity to time steps will be evaluated by running several successive simulations, 
for both the DST validation case and the THC seepage model, with varying time 
stepping limits.

This CR was addressed by adding time-stepping analyses in Section 6.6.1 as well as in model validation simulations presented in Section 7.1.8. 

17.
CR-8316:  Pore‑water chemistry analyses lack charge balance.  When measured pore‑water compositions are re-evaluated for use as starting water compositions for the near-field chemistry model in Engineered Barrier System:  Physical and Chemical Environment (SNL 2007 [DIRS 177412]), a discussion will be included of the potential causes of the lack of charge balances in many of the available repository‑level pore‑water chemical analyses.

This CR was addressed by citing in Section 6.2.2.1 of Engineered Barrier System:  Physical and Chemical Environment (SNL 2007 [DIRS 177412]) as the source providing the rationale for the selection of water compositions used in the present report.  The rationale includes good charge balance.
This revision of the THC seepage report also addresses the following Independent Validation Review Team comments documented by Booth (2006 [DIRS 176638]):

1.
IDC-1:  Sensitivity to reaction rate constants—the sensitivity of the THC seepage model results to reaction rate constants must be evaluated.  The sensitivity study described above for CRs 6342 and 6492 will provide a response to this comment.  It is anticipated that predicted water compositions will only be slightly sensitive to order-of-magnitude variation in the product of the intrinsic rate constant and the reactive surface area.  If necessary, the THC seepage model uncertainty estimates will be modified to reflect additional uncertainty due to reaction rate constants.

This comment is addressed by sensitivity analyses provided in Section 6.6.5.
2.
IDC-2:  Equal weighting of all five pore waters—the probability of a given starting water should be tied to the probability of occurrence of that water type.

This comment is addressed in Engineered Barrier System:  Physical and Chemical Environment (SNL 2007 [DIRS 177412]).

3.
IDC-10:  Drift variability of water chemistries—use of time histories developed for repository‑center THC simulations to represent repository edge water compositions is not appropriate.

This comment is addressed by including specific repository edge simulations in the present report (Section 6.5.1).
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Q.1
TOUGHREACT V3.1.1 installation on LBNL Machine workhorse (CAOS Linux)

Q.1.1
Installation on Workhorse for Preliminary Modeling Prior to Qualification of TOUGHREACT V3.1.1.

Directory and file listings for TOUGHREACT V3.1.1 executables and installation tests on Lawrence Berkeley National Laboratory (LBNL) machine workhorse:

/home/ymp/tr3.1.1_X

total 20

drwxr-xr-x   2 jwong users 4096 Nov 15 23:08 executables

drwxr-xr-x   8 jwong users 4096 Dec  8 09:38 install_tests

drwxr-xr-x   2 jwong users 4096 Nov 15 22:39 source

drwxr-xr-x  25 jwong users 4096 Nov 15 22:43 test_problems_dec

drwxr-xr-x  25 jwong users 4096 Nov 15 22:37 test_problems_lin

/home/ymp/tr3.1.1_X/executables

total 8344

-r-xr-xr-x  1 jwong users 1267120 Nov 15 23:08 tr3.1.1e3_40k_dec

-r-xr--r--  1 jwong users 1571881 Nov 15 23:08 tr3.1.1e3_40k_lin

-r-xr-xr-x  1 jwong users 1277184 Nov 15 23:08 tr3.1.1e4_40k_dec

-r-xr--r--  1 jwong users 1583453 Nov 15 23:08 tr3.1.1e4_40k_lin

-r-xr-xr-x  1 jwong users 1256656 Nov 15 23:08 tr3.1.1e9_40k_dec

-r-xr--r--  1 jwong users 1556024 Nov 15 23:08 tr3.1.1e9_40k_lin

/home/ymp/tr3.1.1_X/install_tests

total 12

drwxr-xr-x  2 jwong users 4096 Nov 15 22:35 eos3

drwxr-xr-x  2 jwong users 4096 Nov 15 22:35 eos4

drwxr-xr-x  2 jwong users 4096 Nov 15 22:35 eos9

/home/ymp/tr3.1.1_X/install_tests/eos3

total 896

-r-xr--r--  1 jwong users 172953 Nov 15 22:35 GASOBS.DAT

-r-xr--r--  1 jwong users     91 Nov 15 22:35 GENER

-r-xr--r--  1 jwong users    149 Nov 15 22:35 INCON

-r-xr--r--  1 jwong users      0 Nov 15 22:35 LINEQ

-r-xr--r--  1 jwong users   9228 Nov 15 22:35 MESH

-r-xr--r--  1 jwong users   7518 Nov 15 22:35 SAVE

-r-xr--r--  1 jwong users      0 Nov 15 22:35 TABLE

-r-xr--r--  1 jwong users   6640 Nov 15 22:35 VERS

-r-xr--r--  1 jwong users   7049 Nov 15 22:35 chdump.out

-r-xr--r--  1 jwong users   5517 Nov 15 22:35 chemical.inp

-r-xr--r--  1 jwong users  14625 Nov 15 22:35 chemical.out

-r-xr--r--  1 jwong users   9711 Nov 15 22:35 flow.inp

-r-xr--r--  1 jwong users 228245 Nov 15 22:35 flow.out

-r-xr--r--  1 jwong users  12001 Nov 15 22:35 iter.dat

-r-xr--r--  1 jwong users  15528 Nov 15 22:35 mbalance.out

-r-xr--r--  1 jwong users  31174 Nov 15 22:35 min_SI.out

-r-xr--r--  1 jwong users  15277 Nov 15 22:35 runlog.out

-r-xr--r--  1 jwong users  62613 Nov 15 22:35 savechem

-r-xr--r--  1 jwong users   1646 Nov 15 22:35 solute.inp

-r-xr--r--  1 jwong users   6209 Nov 15 22:35 solute.out

-r-xr--r--  1 jwong users  33914 Nov 15 22:35 tec_conc.dat

-r-xr--r--  1 jwong users  14089 Nov 15 22:35 tec_gas.dat

-r-xr--r--  1 jwong users  48093 Nov 15 22:35 tec_min.dat

-r-xr--r--  1 jwong users  88384 Nov 15 22:35 ther_dummy.dat

-r-xr--r--  1 jwong users  60384 Nov 15 22:35 time.dat

/home/ymp/tr3.1.1_X/install_tests/eos4

total 896

-r-xr--r--  1 jwong users 172557 Nov 15 22:35 GASOBS.DAT

-r-xr--r--  1 jwong users     91 Nov 15 22:35 GENER

-r-xr--r--  1 jwong users    149 Nov 15 22:35 INCON

-r-xr--r--  1 jwong users      0 Nov 15 22:35 LINEQ

-r-xr--r--  1 jwong users   9228 Nov 15 22:35 MESH

-r-xr--r--  1 jwong users   7518 Nov 15 22:35 SAVE

-r-xr--r--  1 jwong users      0 Nov 15 22:35 TABLE

-r-xr--r--  1 jwong users   7047 Nov 15 22:35 VERS

-r-xr--r--  1 jwong users   7049 Nov 15 22:35 chdump.out

-r-xr--r--  1 jwong users   5517 Nov 15 22:35 chemical.inp

-r-xr--r--  1 jwong users  14625 Nov 15 22:35 chemical.out

-r-xr--r--  1 jwong users   9711 Nov 15 22:35 flow.inp

-r-xr--r--  1 jwong users 227315 Nov 15 22:35 flow.out

-r-xr--r--  1 jwong users  12001 Nov 15 22:35 iter.dat

-r-xr--r--  1 jwong users  15528 Nov 15 22:35 mbalance.out

-r-xr--r--  1 jwong users  31174 Nov 15 22:35 min_SI.out

-r-xr--r--  1 jwong users  15277 Nov 15 22:35 runlog.out

-r-xr--r--  1 jwong users  62613 Nov 15 22:35 savechem

-r-xr--r--  1 jwong users   1646 Nov 15 22:35 solute.inp

-r-xr--r--  1 jwong users   6209 Nov 15 22:35 solute.out

-r-xr--r--  1 jwong users  33914 Nov 15 22:35 tec_conc.dat

-r-xr--r--  1 jwong users  14089 Nov 15 22:35 tec_gas.dat

-r-xr--r--  1 jwong users  48093 Nov 15 22:35 tec_min.dat

-r-xr--r--  1 jwong users  88384 Nov 15 22:35 ther_dummy.dat

-r-xr--r--  1 jwong users  60384 Nov 15 22:35 time.dat

/home/ymp/tr3.1.1_X/install_tests/eos9

total 200

-r-xr--r--  1 jwong users 29403 Nov 15 22:35 GASOBS.DAT

-r-xr--r--  1 jwong users    91 Nov 15 22:35 GENER

-r-xr--r--  1 jwong users  7383 Nov 15 22:35 INCON

-r-xr--r--  1 jwong users     0 Nov 15 22:35 LINEQ

-r-xr--r--  1 jwong users 13967 Nov 15 22:35 MESH

-r-xr--r--  1 jwong users  7491 Nov 15 22:35 SAVE

-r-xr--r--  1 jwong users     0 Nov 15 22:35 TABLE

-r-xr--r--  1 jwong users  3791 Nov 15 22:35 VERS

-r-xr--r--  1 jwong users 41322 Nov 15 22:35 flow.inp

-r-xr--r--  1 jwong users 79596 Nov 15 22:35 flow.out

/home/ymp/tr3.1.1_X/source

total 1312

-r-xr--r--  1 jwong users   3081 Nov 15 22:34 T2_40K

-r-xr--r--  1 jwong users   1839 Nov 15 22:34 chempar23_q311.inc

-r-xr--r--  1 jwong users   3412 Nov 15 22:34 common23.inc

-r-xr--r--  1 jwong users  46113 Nov 15 22:34 eos3.f

-r-xr--r--  1 jwong users  60724 Nov 15 22:34 eos4.f

-r-xr--r--  1 jwong users  32044 Nov 15 22:34 eos9.f

-r-xr--r--  1 jwong users 204231 Nov 15 22:34 geochem.f

-r-xr--r--  1 jwong users  97464 Nov 15 22:34 inichm.f

-r-xr--r--  1 jwong users   1550 Nov 15 22:34 ma28abc.f

-r-xr--r--  1 jwong users   1716 Nov 15 22:34 makefile_eos3q311_dec

-r-xr--r--  1 jwong users   1894 Nov 15 22:34 makefile_eos3q311_linux

-r-xr--r--  1 jwong users   1716 Nov 15 22:34 makefile_eos4q311_dec

-r-xr--r--  1 jwong users   1894 Nov 15 22:34 makefile_eos4q311_linux

-r-xr--r--  1 jwong users   1716 Nov 15 22:34 makefile_eos9q311_dec

-r-xr--r--  1 jwong users   1894 Nov 15 22:34 makefile_eos9q311_linux

-r-xr--r--  1 jwong users  41911 Nov 15 22:34 meshm.f

-r-xr--r--  1 jwong users 141763 Nov 15 22:34 multi.f

-r-xr--r--  1 jwong users  33584 Nov 15 22:34 newton.f

-r-xr--r--  1 jwong users    507 Nov 15 22:34 perm23.inc

-r-xr--r--  1 jwong users  17941 Nov 15 22:34 rctprop.f

-r-xr--r--  1 jwong users  20523 Nov 15 22:34 readsolu.f

-r-xr--r--  1 jwong users    827 Nov 15 22:34 second_dec.f

-r-xr--r--  1 jwong users  73085 Nov 15 22:34 t2cg22.f

-r-xr--r--  1 jwong users 165569 Nov 15 22:34 t2f.f

-r-xr--r--  1 jwong users  73236 Nov 15 22:34 t2solv.f

-r-xr--r--  1 jwong users 225993 Nov 15 22:34 treact.f

Q.1.2
Installation on Workhorse Using Qualified TOUGHREACT V 3.1.1 Media from Software Configuration Management

/home/jleem/tr3.1.1_X

total 20

drwxr-xr-x   2 jleem users 4096 2006-11-15 23:08:36.000000000 -0800 executables

drwxr-xr-x   5 jleem users 4096 2006-11-15 22:35:30.000000000 -0800 install_tests

drwxr-xr-x   2 jleem users 4096 2006-11-15 22:39:37.000000000 -0800 source

drwxr-xr-x  25 jleem users 4096 2006-11-15 22:43:01.000000000 -0800 test_problems_dec

drwxr-xr-x  25 jleem users 4096 2006-11-15 22:37:33.000000000 -0800 test_problems_lin

/home/jleem/tr3.1.1_X/executables

total 8344

-r-xr-xr-x  1 jleem users 1267120 2006-11-15 23:08:07.000000000 -0800 tr3.1.1e3_40k_dec

-r-xr--r--  1 jleem users 1571881 2006-11-15 23:08:07.000000000 -0800 tr3.1.1e3_40k_lin

-r-xr-xr-x  1 jleem users 1277184 2006-11-15 23:08:07.000000000 -0800 tr3.1.1e4_40k_dec

-r-xr--r--  1 jleem users 1583453 2006-11-15 23:08:06.000000000 -0800 tr3.1.1e4_40k_lin

-r-xr-xr-x  1 jleem users 1256656 2006-11-15 23:08:06.000000000 -0800 tr3.1.1e9_40k_dec

-r-xr--r--  1 jleem users 1556024 2006-11-15 23:08:06.000000000 -0800 tr3.1.1e9_40k_lin

/home/jleem/tr3.1.1_X/install_tests

total 12

drwxr-xr-x  2 jleem users 4096 2006-11-15 22:35:30.000000000 -0800 eos3

drwxr-xr-x  2 jleem users 4096 2006-11-15 22:35:30.000000000 -0800 eos4

drwxr-xr-x  2 jleem users 4096 2006-11-15 22:35:30.000000000 -0800 eos9

/home/jleem/tr3.1.1_X/install_tests/eos3

total 896

-r-xr--r--  1 jleem users 172953 2006-11-15 22:35:30.000000000 -0800 GASOBS.DAT

-r-xr--r--  1 jleem users     91 2006-11-15 22:35:30.000000000 -0800 GENER

-r-xr--r--  1 jleem users    149 2006-11-15 22:35:30.000000000 -0800 INCON

-r-xr--r--  1 jleem users      0 2006-11-15 22:35:30.000000000 -0800 LINEQ

-r-xr--r--  1 jleem users   9228 2006-11-15 22:35:30.000000000 -0800 MESH

-r-xr--r--  1 jleem users   7518 2006-11-15 22:35:30.000000000 -0800 SAVE

-r-xr--r--  1 jleem users      0 2006-11-15 22:35:30.000000000 -0800 TABLE

-r-xr--r--  1 jleem users   6640 2006-11-15 22:35:30.000000000 -0800 VERS

-r-xr--r--  1 jleem users   7049 2006-11-15 22:35:29.000000000 -0800 chdump.out

-r-xr--r--  1 jleem users   5517 2006-11-15 22:35:29.000000000 -0800 chemical.inp

-r-xr--r--  1 jleem users  14625 2006-11-15 22:35:29.000000000 -0800 chemical.out

-r-xr--r--  1 jleem users   9711 2006-11-15 22:35:30.000000000 -0800 flow.inp

-r-xr--r--  1 jleem users 228245 2006-11-15 22:35:30.000000000 -0800 flow.out

-r-xr--r--  1 jleem users  12001 2006-11-15 22:35:30.000000000 -0800 iter.dat

-r-xr--r--  1 jleem users  15528 2006-11-15 22:35:30.000000000 -0800 mbalance.out

-r-xr--r--  1 jleem users  31174 2006-11-15 22:35:30.000000000 -0800 min_SI.out

-r-xr--r--  1 jleem users  15277 2006-11-15 22:35:30.000000000 -0800 runlog.out

-r-xr--r--  1 jleem users  62613 2006-11-15 22:35:30.000000000 -0800 savechem

-r-xr--r--  1 jleem users   1646 2006-11-15 22:35:30.000000000 -0800 solute.inp

-r-xr--r--  1 jleem users   6209 2006-11-15 22:35:30.000000000 -0800 solute.out

-r-xr--r--  1 jleem users  33914 2006-11-15 22:35:30.000000000 -0800 tec_conc.dat

-r-xr--r--  1 jleem users  14089 2006-11-15 22:35:30.000000000 -0800 tec_gas.dat

-r-xr--r--  1 jleem users  48093 2006-11-15 22:35:30.000000000 -0800 tec_min.dat

-r-xr--r--  1 jleem users  88384 2006-11-15 22:35:29.000000000 -0800 ther_dummy.dat

-r-xr--r--  1 jleem users  60384 2006-11-15 22:35:30.000000000 -0800 time.dat

/home/jleem/tr3.1.1_X/install_tests/eos4

total 896

-r-xr--r--  1 jleem users 172557 2006-11-15 22:35:30.000000000 -0800 GASOBS.DAT

-r-xr--r--  1 jleem users     91 2006-11-15 22:35:30.000000000 -0800 GENER

-r-xr--r--  1 jleem users    149 2006-11-15 22:35:30.000000000 -0800 INCON

-r-xr--r--  1 jleem users      0 2006-11-15 22:35:30.000000000 -0800 LINEQ

-r-xr--r--  1 jleem users   9228 2006-11-15 22:35:30.000000000 -0800 MESH

-r-xr--r--  1 jleem users   7518 2006-11-15 22:35:30.000000000 -0800 SAVE

-r-xr--r--  1 jleem users      0 2006-11-15 22:35:30.000000000 -0800 TABLE

-r-xr--r--  1 jleem users   7047 2006-11-15 22:35:30.000000000 -0800 VERS

-r-xr--r--  1 jleem users   7049 2006-11-15 22:35:30.000000000 -0800 chdump.out

-r-xr--r--  1 jleem users   5517 2006-11-15 22:35:30.000000000 -0800 chemical.inp

-r-xr--r--  1 jleem users  14625 2006-11-15 22:35:30.000000000 -0800 chemical.out

-r-xr--r--  1 jleem users   9711 2006-11-15 22:35:30.000000000 -0800 flow.inp

-r-xr--r--  1 jleem users 227315 2006-11-15 22:35:30.000000000 -0800 flow.out

-r-xr--r--  1 jleem users  12001 2006-11-15 22:35:30.000000000 -0800 iter.dat

-r-xr--r--  1 jleem users  15528 2006-11-15 22:35:30.000000000 -0800 mbalance.out

-r-xr--r--  1 jleem users  31174 2006-11-15 22:35:30.000000000 -0800 min_SI.out

-r-xr--r--  1 jleem users  15277 2006-11-15 22:35:30.000000000 -0800 runlog.out

-r-xr--r--  1 jleem users  62613 2006-11-15 22:35:30.000000000 -0800 savechem

-r-xr--r--  1 jleem users   1646 2006-11-15 22:35:30.000000000 -0800 solute.inp

-r-xr--r--  1 jleem users   6209 2006-11-15 22:35:30.000000000 -0800 solute.out

-r-xr--r--  1 jleem users  33914 2006-11-15 22:35:30.000000000 -0800 tec_conc.dat

-r-xr--r--  1 jleem users  14089 2006-11-15 22:35:30.000000000 -0800 tec_gas.dat

-r-xr--r--  1 jleem users  48093 2006-11-15 22:35:30.000000000 -0800 tec_min.dat

-r-xr--r--  1 jleem users  88384 2006-11-15 22:35:30.000000000 -0800 ther_dummy.dat

-r-xr--r--  1 jleem users  60384 2006-11-15 22:35:30.000000000 -0800 time.dat

/home/jleem/tr3.1.1_X/install_tests/eos9

total 200

-r-xr--r--  1 jleem users 29403 2006-11-15 22:35:30.000000000 -0800 GASOBS.DAT

-r-xr--r--  1 jleem users    91 2006-11-15 22:35:30.000000000 -0800 GENER

-r-xr--r--  1 jleem users  7383 2006-11-15 22:35:30.000000000 -0800 INCON

-r-xr--r--  1 jleem users     0 2006-11-15 22:35:30.000000000 -0800 LINEQ

-r-xr--r--  1 jleem users 13967 2006-11-15 22:35:30.000000000 -0800 MESH

-r-xr--r--  1 jleem users  7491 2006-11-15 22:35:30.000000000 -0800 SAVE

-r-xr--r--  1 jleem users     0 2006-11-15 22:35:30.000000000 -0800 TABLE

-r-xr--r--  1 jleem users  3791 2006-11-15 22:35:30.000000000 -0800 VERS

-r-xr--r--  1 jleem users 41322 2006-11-15 22:35:30.000000000 -0800 flow.inp

-r-xr--r--  1 jleem users 79596 2006-11-15 22:35:30.000000000 -0800 flow.out

/home/jleem/tr3.1.1_X/source

total 1312

-r-xr--r--  1 jleem users   3081 2006-11-15 22:34:50.000000000 -0800 T2_40K

-r-xr--r--  1 jleem users   1839 2006-11-15 22:34:50.000000000 -0800 chempar23_q311.inc

-r-xr--r--  1 jleem users   3412 2006-11-15 22:34:50.000000000 -0800 common23.inc

-r-xr--r--  1 jleem users  46113 2006-11-15 22:34:50.000000000 -0800 eos3.f

-r-xr--r--  1 jleem users  60724 2006-11-15 22:34:50.000000000 -0800 eos4.f

-r-xr--r--  1 jleem users  32044 2006-11-15 22:34:50.000000000 -0800 eos9.f

-r-xr--r--  1 jleem users 204231 2006-11-15 22:34:50.000000000 -0800 geochem.f

-r-xr--r--  1 jleem users  97464 2006-11-15 22:34:50.000000000 -0800 inichm.f

-r-xr--r--  1 jleem users   1550 2006-11-15 22:34:50.000000000 -0800 ma28abc.f

-r-xr--r--  1 jleem users   1716 2006-11-15 22:34:50.000000000 -0800 makefile_eos3q311_dec

-r-xr--r--  1 jleem users   1894 2006-11-15 22:34:50.000000000 -0800 makefile_eos3q311_linux

-r-xr--r--  1 jleem users   1716 2006-11-15 22:34:50.000000000 -0800 makefile_eos4q311_dec

-r-xr--r--  1 jleem users   1894 2006-11-15 22:34:50.000000000 -0800 makefile_eos4q311_linux

-r-xr--r--  1 jleem users   1716 2006-11-15 22:34:50.000000000 -0800 makefile_eos9q311_dec

-r-xr--r--  1 jleem users   1894 2006-11-15 22:34:50.000000000 -0800 makefile_eos9q311_linux

-r-xr--r--  1 jleem users  41911 2006-11-15 22:34:50.000000000 -0800 meshm.f

-r-xr--r--  1 jleem users 141763 2006-11-15 22:34:50.000000000 -0800 multi.f

-r-xr--r--  1 jleem users  33584 2006-11-15 22:34:50.000000000 -0800 newton.f

-r-xr--r--  1 jleem users    507 2006-11-15 22:34:50.000000000 -0800 perm23.inc

-r-xr--r--  1 jleem users  17941 2006-11-15 22:34:50.000000000 -0800 rctprop.f

-r-xr--r--  1 jleem users  20523 2006-11-15 22:34:50.000000000 -0800 readsolu.f

-r-xr--r--  1 jleem users    827 2006-11-15 22:34:50.000000000 -0800 second_dec.f

-r-xr--r--  1 jleem users  73085 2006-11-15 22:34:50.000000000 -0800 t2cg22.f

-r-xr--r--  1 jleem users 165569 2006-11-15 22:34:50.000000000 -0800 t2f.f

-r-xr--r--  1 jleem users  73236 2006-11-15 22:34:50.000000000 -0800 t2solv.f

-r-xr--r--  1 jleem users 225993 2006-11-15 22:34:50.000000000 -0800 treact.f

Q.2
TOUGHREACT V3.1.1 installation on LBNL Machine workhorse2 (CAOS Linux)

Q.2.1
Installation on Workhorse2 for Preliminary Modeling Prior to Qualification of TOUGHREACT V3.1.1

/home/ymp/tr3.1.1_X

total 20

drwxr-xr-x   2 jwong users 4096 Nov 15 23:08 executables

drwxr-xr-x   8 jwong users 4096 Dec  8 09:38 install_tests

drwxr-xr-x   2 jwong users 4096 Nov 15 22:39 source

drwxr-xr-x  25 jwong users 4096 Nov 15 22:43 test_problems_dec

drwxr-xr-x  25 jwong users 4096 Nov 15 22:37 test_problems_lin

/home/ymp/tr3.1.1_X/executables

total 8344

-r-xr-xr-x  1 jwong users 1267120 Nov 15 23:08 tr3.1.1e3_40k_dec

-r-xr--r--  1 jwong users 1571881 Nov 15 23:08 tr3.1.1e3_40k_lin

-r-xr-xr-x  1 jwong users 1277184 Nov 15 23:08 tr3.1.1e4_40k_dec

-r-xr--r--  1 jwong users 1583453 Nov 15 23:08 tr3.1.1e4_40k_lin

-r-xr-xr-x  1 jwong users 1256656 Nov 15 23:08 tr3.1.1e9_40k_dec

-r-xr--r--  1 jwong users 1556024 Nov 15 23:08 tr3.1.1e9_40k_lin

/home/ymp/tr3.1.1_X/install_tests

total 12

drwxr-xr-x  2 jwong users 4096 Nov 15 22:35 eos3

drwxr-xr-x  2 jwong users 4096 Nov 15 22:35 eos4

drwxr-xr-x  2 jwong users 4096 Nov 15 22:35 eos9

/home/ymp/tr3.1.1_X/install_tests/eos3

total 896

-r-xr--r--  1 jwong users 172953 Nov 15 22:35 GASOBS.DAT

-r-xr--r--  1 jwong users     91 Nov 15 22:35 GENER

-r-xr--r--  1 jwong users    149 Nov 15 22:35 INCON

-r-xr--r--  1 jwong users      0 Nov 15 22:35 LINEQ

-r-xr--r--  1 jwong users   9228 Nov 15 22:35 MESH

-r-xr--r--  1 jwong users   7518 Nov 15 22:35 SAVE

-r-xr--r--  1 jwong users      0 Nov 15 22:35 TABLE

-r-xr--r--  1 jwong users   6640 Nov 15 22:35 VERS

-r-xr--r--  1 jwong users   7049 Nov 15 22:35 chdump.out

-r-xr--r--  1 jwong users   5517 Nov 15 22:35 chemical.inp

-r-xr--r--  1 jwong users  14625 Nov 15 22:35 chemical.out

-r-xr--r--  1 jwong users   9711 Nov 15 22:35 flow.inp

-r-xr--r--  1 jwong users 228245 Nov 15 22:35 flow.out

-r-xr--r--  1 jwong users  12001 Nov 15 22:35 iter.dat

-r-xr--r--  1 jwong users  15528 Nov 15 22:35 mbalance.out

-r-xr--r--  1 jwong users  31174 Nov 15 22:35 min_SI.out

-r-xr--r--  1 jwong users  15277 Nov 15 22:35 runlog.out

-r-xr--r--  1 jwong users  62613 Nov 15 22:35 savechem

-r-xr--r--  1 jwong users   1646 Nov 15 22:35 solute.inp

-r-xr--r--  1 jwong users   6209 Nov 15 22:35 solute.out

-r-xr--r--  1 jwong users  33914 Nov 15 22:35 tec_conc.dat

-r-xr--r--  1 jwong users  14089 Nov 15 22:35 tec_gas.dat

-r-xr--r--  1 jwong users  48093 Nov 15 22:35 tec_min.dat

-r-xr--r--  1 jwong users  88384 Nov 15 22:35 ther_dummy.dat

-r-xr--r--  1 jwong users  60384 Nov 15 22:35 time.dat

/home/ymp/tr3.1.1_X/install_tests/eos4

total 896

-r-xr--r--  1 jwong users 172557 Nov 15 22:35 GASOBS.DAT

-r-xr--r--  1 jwong users     91 Nov 15 22:35 GENER

-r-xr--r--  1 jwong users    149 Nov 15 22:35 INCON

-r-xr--r--  1 jwong users      0 Nov 15 22:35 LINEQ

-r-xr--r--  1 jwong users   9228 Nov 15 22:35 MESH

-r-xr--r--  1 jwong users   7518 Nov 15 22:35 SAVE

-r-xr--r--  1 jwong users      0 Nov 15 22:35 TABLE

-r-xr--r--  1 jwong users   7047 Nov 15 22:35 VERS

-r-xr--r--  1 jwong users   7049 Nov 15 22:35 chdump.out

-r-xr--r--  1 jwong users   5517 Nov 15 22:35 chemical.inp

-r-xr--r--  1 jwong users  14625 Nov 15 22:35 chemical.out

-r-xr--r--  1 jwong users   9711 Nov 15 22:35 flow.inp

-r-xr--r--  1 jwong users 227315 Nov 15 22:35 flow.out

-r-xr--r--  1 jwong users  12001 Nov 15 22:35 iter.dat

-r-xr--r--  1 jwong users  15528 Nov 15 22:35 mbalance.out

-r-xr--r--  1 jwong users  31174 Nov 15 22:35 min_SI.out

-r-xr--r--  1 jwong users  15277 Nov 15 22:35 runlog.out

-r-xr--r--  1 jwong users  62613 Nov 15 22:35 savechem

-r-xr--r--  1 jwong users   1646 Nov 15 22:35 solute.inp

-r-xr--r--  1 jwong users   6209 Nov 15 22:35 solute.out

-r-xr--r--  1 jwong users  33914 Nov 15 22:35 tec_conc.dat

-r-xr--r--  1 jwong users  14089 Nov 15 22:35 tec_gas.dat

-r-xr--r--  1 jwong users  48093 Nov 15 22:35 tec_min.dat

-r-xr--r--  1 jwong users  88384 Nov 15 22:35 ther_dummy.dat

-r-xr--r--  1 jwong users  60384 Nov 15 22:35 time.dat

/home/ymp/tr3.1.1_X/install_tests/eos9

total 200

-r-xr--r--  1 jwong users 29403 Nov 15 22:35 GASOBS.DAT

-r-xr--r--  1 jwong users    91 Nov 15 22:35 GENER

-r-xr--r--  1 jwong users  7383 Nov 15 22:35 INCON

-r-xr--r--  1 jwong users     0 Nov 15 22:35 LINEQ

-r-xr--r--  1 jwong users 13967 Nov 15 22:35 MESH

-r-xr--r--  1 jwong users  7491 Nov 15 22:35 SAVE

-r-xr--r--  1 jwong users     0 Nov 15 22:35 TABLE

-r-xr--r--  1 jwong users  3791 Nov 15 22:35 VERS

-r-xr--r--  1 jwong users 41322 Nov 15 22:35 flow.inp

-r-xr--r--  1 jwong users 79596 Nov 15 22:35 flow.out

/home/ymp/tr3.1.1_X/source

total 1312

-r-xr--r--  1 jwong users   3081 Nov 15 22:34 T2_40K

-r-xr--r--  1 jwong users   1839 Nov 15 22:34 chempar23_q311.inc

-r-xr--r--  1 jwong users   3412 Nov 15 22:34 common23.inc

-r-xr--r--  1 jwong users  46113 Nov 15 22:34 eos3.f

-r-xr--r--  1 jwong users  60724 Nov 15 22:34 eos4.f

-r-xr--r--  1 jwong users  32044 Nov 15 22:34 eos9.f

-r-xr--r--  1 jwong users 204231 Nov 15 22:34 geochem.f

-r-xr--r--  1 jwong users  97464 Nov 15 22:34 inichm.f

-r-xr--r--  1 jwong users   1550 Nov 15 22:34 ma28abc.f

-r-xr--r--  1 jwong users   1716 Nov 15 22:34 makefile_eos3q311_dec

-r-xr--r--  1 jwong users   1894 Nov 15 22:34 makefile_eos3q311_linux

-r-xr--r--  1 jwong users   1716 Nov 15 22:34 makefile_eos4q311_dec

-r-xr--r--  1 jwong users   1894 Nov 15 22:34 makefile_eos4q311_linux

-r-xr--r--  1 jwong users   1716 Nov 15 22:34 makefile_eos9q311_dec

-r-xr--r--  1 jwong users   1894 Nov 15 22:34 makefile_eos9q311_linux

-r-xr--r--  1 jwong users  41911 Nov 15 22:34 meshm.f

-r-xr--r--  1 jwong users 141763 Nov 15 22:34 multi.f

-r-xr--r--  1 jwong users  33584 Nov 15 22:34 newton.f

-r-xr--r--  1 jwong users    507 Nov 15 22:34 perm23.inc

-r-xr--r--  1 jwong users  17941 Nov 15 22:34 rctprop.f

-r-xr--r--  1 jwong users  20523 Nov 15 22:34 readsolu.f

-r-xr--r--  1 jwong users    827 Nov 15 22:34 second_dec.f

-r-xr--r--  1 jwong users  73085 Nov 15 22:34 t2cg22.f

-r-xr--r--  1 jwong users 165569 Nov 15 22:34 t2f.f

-r-xr--r--  1 jwong users  73236 Nov 15 22:34 t2solv.f

-r-xr--r--  1 jwong users 225993 Nov 15 22:34 treact.f

Q.2.2
Installation on Workhorse 2 Using Qualified TOUGHREACT V3.1.1 Media from Software Configuration Management

/home/jleem/tr3.1.1_X

total 20

drwxr-xr-x   2 jleem users 4096 2006-11-15 23:08:36.000000000 -0800 executables

drwxr-xr-x   5 jleem users 4096 2006-11-15 22:35:30.000000000 -0800 install_tests

drwxr-xr-x   2 jleem users 4096 2006-11-15 22:39:37.000000000 -0800 source

drwxr-xr-x  25 jleem users 4096 2006-11-15 22:43:01.000000000 -0800 test_problems_dec

drwxr-xr-x  25 jleem users 4096 2006-11-15 22:37:33.000000000 -0800 test_problems_lin

/home/jleem/tr3.1.1_X/executables

total 8344

-r-xr-xr-x  1 jleem users 1267120 2006-11-15 23:08:07.000000000 -0800 tr3.1.1e3_40k_dec

-r-xr--r--  1 jleem users 1571881 2006-11-15 23:08:07.000000000 -0800 tr3.1.1e3_40k_lin

-r-xr-xr-x  1 jleem users 1277184 2006-11-15 23:08:07.000000000 -0800 tr3.1.1e4_40k_dec

-r-xr--r--  1 jleem users 1583453 2006-11-15 23:08:06.000000000 -0800 tr3.1.1e4_40k_lin

-r-xr-xr-x  1 jleem users 1256656 2006-11-15 23:08:06.000000000 -0800 tr3.1.1e9_40k_dec

-r-xr--r--  1 jleem users 1556024 2006-11-15 23:08:06.000000000 -0800 tr3.1.1e9_40k_lin

/home/jleem/tr3.1.1_X/install_tests

total 12

drwxr-xr-x  2 jleem users 4096 2006-11-15 22:35:30.000000000 -0800 eos3

drwxr-xr-x  2 jleem users 4096 2006-11-15 22:35:30.000000000 -0800 eos4

drwxr-xr-x  2 jleem users 4096 2006-11-15 22:35:30.000000000 -0800 eos9

/home/jleem/tr3.1.1_X/install_tests/eos3

total 896

-r-xr--r--  1 jleem users 172953 2006-11-15 22:35:30.000000000 -0800 GASOBS.DAT

-r-xr--r--  1 jleem users     91 2006-11-15 22:35:30.000000000 -0800 GENER

-r-xr--r--  1 jleem users    149 2006-11-15 22:35:30.000000000 -0800 INCON

-r-xr--r--  1 jleem users      0 2006-11-15 22:35:30.000000000 -0800 LINEQ

-r-xr--r--  1 jleem users   9228 2006-11-15 22:35:30.000000000 -0800 MESH

-r-xr--r--  1 jleem users   7518 2006-11-15 22:35:30.000000000 -0800 SAVE

-r-xr--r--  1 jleem users      0 2006-11-15 22:35:30.000000000 -0800 TABLE

-r-xr--r--  1 jleem users   6640 2006-11-15 22:35:30.000000000 -0800 VERS

-r-xr--r--  1 jleem users   7049 2006-11-15 22:35:29.000000000 -0800 chdump.out

-r-xr--r--  1 jleem users   5517 2006-11-15 22:35:29.000000000 -0800 chemical.inp

-r-xr--r--  1 jleem users  14625 2006-11-15 22:35:29.000000000 -0800 chemical.out

-r-xr--r--  1 jleem users   9711 2006-11-15 22:35:30.000000000 -0800 flow.inp

-r-xr--r--  1 jleem users 228245 2006-11-15 22:35:30.000000000 -0800 flow.out

-r-xr--r--  1 jleem users  12001 2006-11-15 22:35:30.000000000 -0800 iter.dat

-r-xr--r--  1 jleem users  15528 2006-11-15 22:35:30.000000000 -0800 mbalance.out

-r-xr--r--  1 jleem users  31174 2006-11-15 22:35:30.000000000 -0800 min_SI.out

-r-xr--r--  1 jleem users  15277 2006-11-15 22:35:30.000000000 -0800 runlog.out

-r-xr--r--  1 jleem users  62613 2006-11-15 22:35:30.000000000 -0800 savechem

-r-xr--r--  1 jleem users   1646 2006-11-15 22:35:30.000000000 -0800 solute.inp

-r-xr--r--  1 jleem users   6209 2006-11-15 22:35:30.000000000 -0800 solute.out

-r-xr--r--  1 jleem users  33914 2006-11-15 22:35:30.000000000 -0800 tec_conc.dat

-r-xr--r--  1 jleem users  14089 2006-11-15 22:35:30.000000000 -0800 tec_gas.dat

-r-xr--r--  1 jleem users  48093 2006-11-15 22:35:30.000000000 -0800 tec_min.dat

-r-xr--r--  1 jleem users  88384 2006-11-15 22:35:29.000000000 -0800 ther_dummy.dat

-r-xr--r--  1 jleem users  60384 2006-11-15 22:35:30.000000000 -0800 time.dat

/home/jleem/tr3.1.1_X/install_tests/eos4

total 896

-r-xr--r--  1 jleem users 172557 2006-11-15 22:35:30.000000000 -0800 GASOBS.DAT

-r-xr--r--  1 jleem users     91 2006-11-15 22:35:30.000000000 -0800 GENER

-r-xr--r--  1 jleem users    149 2006-11-15 22:35:30.000000000 -0800 INCON

-r-xr--r--  1 jleem users      0 2006-11-15 22:35:30.000000000 -0800 LINEQ

-r-xr--r--  1 jleem users   9228 2006-11-15 22:35:30.000000000 -0800 MESH

-r-xr--r--  1 jleem users   7518 2006-11-15 22:35:30.000000000 -0800 SAVE

-r-xr--r--  1 jleem users      0 2006-11-15 22:35:30.000000000 -0800 TABLE

-r-xr--r--  1 jleem users   7047 2006-11-15 22:35:30.000000000 -0800 VERS

-r-xr--r--  1 jleem users   7049 2006-11-15 22:35:30.000000000 -0800 chdump.out

-r-xr--r--  1 jleem users   5517 2006-11-15 22:35:30.000000000 -0800 chemical.inp

-r-xr--r--  1 jleem users  14625 2006-11-15 22:35:30.000000000 -0800 chemical.out

-r-xr--r--  1 jleem users   9711 2006-11-15 22:35:30.000000000 -0800 flow.inp

-r-xr--r--  1 jleem users 227315 2006-11-15 22:35:30.000000000 -0800 flow.out

-r-xr--r--  1 jleem users  12001 2006-11-15 22:35:30.000000000 -0800 iter.dat

-r-xr--r--  1 jleem users  15528 2006-11-15 22:35:30.000000000 -0800 mbalance.out

-r-xr--r--  1 jleem users  31174 2006-11-15 22:35:30.000000000 -0800 min_SI.out

-r-xr--r--  1 jleem users  15277 2006-11-15 22:35:30.000000000 -0800 runlog.out

-r-xr--r--  1 jleem users  62613 2006-11-15 22:35:30.000000000 -0800 savechem

-r-xr--r--  1 jleem users   1646 2006-11-15 22:35:30.000000000 -0800 solute.inp

-r-xr--r--  1 jleem users   6209 2006-11-15 22:35:30.000000000 -0800 solute.out

-r-xr--r--  1 jleem users  33914 2006-11-15 22:35:30.000000000 -0800 tec_conc.dat

-r-xr--r--  1 jleem users  14089 2006-11-15 22:35:30.000000000 -0800 tec_gas.dat

-r-xr--r--  1 jleem users  48093 2006-11-15 22:35:30.000000000 -0800 tec_min.dat

-r-xr--r--  1 jleem users  88384 2006-11-15 22:35:30.000000000 -0800 ther_dummy.dat

-r-xr--r--  1 jleem users  60384 2006-11-15 22:35:30.000000000 -0800 time.dat

/home/jleem/tr3.1.1_X/install_tests/eos9

total 200

-r-xr--r--  1 jleem users 29403 2006-11-15 22:35:30.000000000 -0800 GASOBS.DAT

-r-xr--r--  1 jleem users    91 2006-11-15 22:35:30.000000000 -0800 GENER

-r-xr--r--  1 jleem users  7383 2006-11-15 22:35:30.000000000 -0800 INCON

-r-xr--r--  1 jleem users     0 2006-11-15 22:35:30.000000000 -0800 LINEQ

-r-xr--r--  1 jleem users 13967 2006-11-15 22:35:30.000000000 -0800 MESH

-r-xr--r--  1 jleem users  7491 2006-11-15 22:35:30.000000000 -0800 SAVE

-r-xr--r--  1 jleem users     0 2006-11-15 22:35:30.000000000 -0800 TABLE

-r-xr--r--  1 jleem users  3791 2006-11-15 22:35:30.000000000 -0800 VERS

-r-xr--r--  1 jleem users 41322 2006-11-15 22:35:30.000000000 -0800 flow.inp

-r-xr--r--  1 jleem users 79596 2006-11-15 22:35:30.000000000 -0800 flow.out

/home/jleem/tr3.1.1_X/source

total 1312

-r-xr--r--  1 jleem users   3081 2006-11-15 22:34:50.000000000 -0800 T2_40K

-r-xr--r--  1 jleem users   1839 2006-11-15 22:34:50.000000000 -0800 chempar23_q311.inc

-r-xr--r--  1 jleem users   3412 2006-11-15 22:34:50.000000000 -0800 common23.inc

-r-xr--r--  1 jleem users  46113 2006-11-15 22:34:50.000000000 -0800 eos3.f

-r-xr--r--  1 jleem users  60724 2006-11-15 22:34:50.000000000 -0800 eos4.f

-r-xr--r--  1 jleem users  32044 2006-11-15 22:34:50.000000000 -0800 eos9.f

-r-xr--r--  1 jleem users 204231 2006-11-15 22:34:50.000000000 -0800 geochem.f

-r-xr--r--  1 jleem users  97464 2006-11-15 22:34:50.000000000 -0800 inichm.f

-r-xr--r--  1 jleem users   1550 2006-11-15 22:34:50.000000000 -0800 ma28abc.f

-r-xr--r--  1 jleem users   1716 2006-11-15 22:34:50.000000000 -0800 makefile_eos3q311_dec

-r-xr--r--  1 jleem users   1894 2006-11-15 22:34:50.000000000 -0800 makefile_eos3q311_linux

-r-xr--r--  1 jleem users   1716 2006-11-15 22:34:50.000000000 -0800 makefile_eos4q311_dec

-r-xr--r--  1 jleem users   1894 2006-11-15 22:34:50.000000000 -0800 makefile_eos4q311_linux

-r-xr--r--  1 jleem users   1716 2006-11-15 22:34:50.000000000 -0800 makefile_eos9q311_dec

-r-xr--r--  1 jleem users   1894 2006-11-15 22:34:50.000000000 -0800 makefile_eos9q311_linux

-r-xr--r--  1 jleem users  41911 2006-11-15 22:34:50.000000000 -0800 meshm.f

-r-xr--r--  1 jleem users 141763 2006-11-15 22:34:50.000000000 -0800 multi.f

-r-xr--r--  1 jleem users  33584 2006-11-15 22:34:50.000000000 -0800 newton.f

-r-xr--r--  1 jleem users    507 2006-11-15 22:34:50.000000000 -0800 perm23.inc

-r-xr--r--  1 jleem users  17941 2006-11-15 22:34:50.000000000 -0800 rctprop.f

-r-xr--r--  1 jleem users  20523 2006-11-15 22:34:50.000000000 -0800 readsolu.f

-r-xr--r--  1 jleem users    827 2006-11-15 22:34:50.000000000 -0800 second_dec.f

-r-xr--r--  1 jleem users  73085 2006-11-15 22:34:50.000000000 -0800 t2cg22.f

-r-xr--r--  1 jleem users 165569 2006-11-15 22:34:50.000000000 -0800 t2f.f

-r-xr--r--  1 jleem users  73236 2006-11-15 22:34:50.000000000 -0800 t2solv.f

-r-xr--r--  1 jleem users 225993 2006-11-15 22:34:50.000000000 -0800 treact.f

Q.3.1
CUTCHEM V2.0 Installation on PC

Q.3.1.1
Folders and Files of Installation (prior to qualification of CUTCHEM V2.0) on LBNL PC DOE #6574913 with Windows XP
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Figure Q-1.
Folders of CUTCHEM on the LBNL PC DOE # 6574913
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NOTE:
The source codes (i.e., cutchemv2.for and ext.for) were removed in the qualified version of CUTCHEM.

Figure Q-2.
List of Source Files and the Executable File in Subfolder \Code
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Figure Q-3.
List of the ReadMe File of CUTCHEM V2.0 Installation Tests
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Figure Q-4.
List of Files in Subfolder \Installation Test\ITC1\input
[image: image36.png]Fle Edt View Favortes Took Help

Qe - O [F 0 somtn [ rolies

L2

adress |29 C:\share Cleutchem_QA\cutchem2)installtion TestITCHoutput

DE

Fodrs E
it i)
=@ atrix,dat

[ttt

See | Type
132K8 DATFie
132K8 DATFie
1KE DATFle

Date Modfied
311972007 4:11 PM
311972007 4:11 P
311972007 4:11 P





Figure Q-5.
List of Files in Subfolder \Installation Test\ITC1\output
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Figure Q-6.
List of Files in Subfolder \Installation Test\ITC2\input
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Figure Q-7.
List of Files in Subfolder \Installation Test\ITC2\output
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Figure Q-8.
List of Files in Subfolder \Installation Test\ITC3\input
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Figure Q-9.
List of Files in Subfolder \Installation Test\ITC3\output
Q.3.2
Folders and Files of Installation from the Qualified CUTCHEM V2 Media from Software Configuration Management on SNL PC S885719 with Windows XP
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Figure Q-10.
List of Source Files and the Executable File in Subfolder \Code
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Figure Q-11.
List of Files in Subfolder \Installation Test\ITC1\input
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Figure Q-12.
List of Files in Subfolder \Installation Test\ITC1\output
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Figure Q-13.
List of Files in Subfolder \Installation Test\ITC2\input
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Figure Q-14.
List of Files in Subfolder \Installation Test\ITC2\output
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Figure Q-15.
List of Files in Subfolder \Installation Test\ITC3\input
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Figure Q-16.
List of Files in Subfolder \Installation Test\ITC3\output
INTENTIONALLY LEFT BLANK
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