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) -826 Investigate Issues in Hydrology, Geochemistry, Climatology

The i)urpose of this project is to provide technical assessment methods for that will aid NRC/CNWRA |-
staff in the review of the DOE LA for the HLW repository. The focus of this project is to be on issues _lQlu]Q

in hydrology, geochemistry, and climatology that will have an impact on repository petformance. The
work presented here consists largely of projects that have been proposed by CNWRA either formally or

informally to NRC/DWM/PAHB and have received verbal approval from the NRC section leader. A basic |

understanding of chemical and/or hydrological principles, as well as computer hardware and software are
necessary requirements for most of the work outlined here. Specific knowledge requirements, data sources,
computer hardware and software, as well as potential sources of error and uncertainty are described in
more detail in the summaries provided here, w

Starting: in FY96, the Hydrology aspects of this technical assessment project were split off at CNWRA -
under the management of A. Gureghian.
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Saturated Zone Water Chemistry - Data Sources and GIS Entry B

)

One of the goals of this task is to acquire existing hydrological and geochemical data for the Yucca
Mountain region and use it to populate the Geographic Information System (GIS) database being

developed at CNWRA as a part of other research projects.

The initial data source for saturated zone water chemistry identified for this technical assessment activity

NERRRNW—

includes:
McKinley, P.W., M.P. Long, and L.V. Benson. 1991. Chemical Analyses of Water for Selected
USGS Open-File Report 90-355. Denver, CO: U.S. Geological Survey.

This report is a USGS document prepared as a hydrochemical compilation of data collected over the past
~ several decades at Yucca Mountain. These data were not generally collected under a DOE-approved QA
program, but are freely used. The sources referenced in McKinley et al. (1991) should be consulted for

determining the quality of the data.

Well and spring ID numbers (1-279) that are used by McKinley et al. (1991) are internal to the report.
These sampling locations are shown in the maps included in this scientific notebook. Original data sources

—cited by McKinley et al. (1991) are also included.
Excel, 1.0 b DonusNd ] \7) 5

Wells and Springs in the Yucca Mountain Area, Nevada and Southeastern California.

The data included here are originally entered using a etas-1-2-3 spreadsheet. This allows exporting an

ASCII-comma delimited format for inclusion in GIS and 3D graphics systems like ArcInfo and -

. EarthVision. In the tables, concentrations are given in units of mg/L. The notation -1111 means not

reported, while -9999 indicates below detection limits.
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Figure 2.--Location of wells and springs in the Amargosa Desert area.
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Figure 3.--Location of wells and springs in the Death Valley area.
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Figure 4.--Location of wells and springs in the Nevada Test Site area.
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Figure 5.--Location of wells and springs in the Oasis Valley area.
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RE Tectonics Research Project. S. Nguyen also developed a. contouring routine on the CNWRA Silicos ; Available Water ChGHllStI'y Data , e
Graphics SPARC 10 workstation to investigate trends in chemical data over the Yucca Mountain region, i} ' - 7 B
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f L,Mw-«-ln a geologic system such as YM, much of the data generated during site characterization is most useful
! when tied to a geographic/geologic framework. GIS systems such as ARC/INFO are powerful tools for

!-'7 " presenting and interpreting data in a geographic context. By superimposing different coverages such as

M | geology, political boundaries, and geochemical/hydrologic data, it is possible to develop figures and maps

that can transmit a wide range of information. In addition, the ARC Macro Language (AML) provides

the capability to manipulate the data and display quantitative information in ways that may help in

interpreting trends and tendencies.

In the initial stages of data compilation and entry into ARC/INFO format, the task on investigations of

‘H’“ issues in hydrology, geochemistry, and climatology/meteorology have produced electronic forms of

at CNWRA. For mineral composition, the data source is:

mineral chemistry data sources and entered them into the ARC/INFO database currently being constructed

U Broxton, D.E., R.G. Warren, R.C. Hagan, and G. Luedemann. 1986. Chemistry o)

Diagenetically Altered Tuffs at a Potential Nuclear Waste Repository, Yucca Mountain,
(\NM Nye County, Nevada. LA-10802-MS. Los Alamos, NM: Los Alamos National

s Laboratory.

The ARC/INFO database was initially developed for projects conducted by CNWRA for both

been entered as coverages into ARC/INFO (Center for Nuclear Waste Regulatory Analyses, 1994). These
coverages continue to evolve as part of ongoing efforts in these research projects. Where possible, the

current effort will take advantage of existing coverages to provide a strong geological framework for the

1 current effort in Investigations of Issues in Hydrology, Geochemistry, and Climatology/Meteorology, and

NRC/NMSS tasks and NRC Research projects. As part of these projects, a great deal of information has

~ l"' to enhance display and interpretation of hydrologic, geochemical and climatological data.

Bewxhon ot ol.LHD VA |
i is a Los Alamos report prepared as a compilation of mineral chemistry data collected from

‘drill holes (and a few outcrop samples) at Yucca Mountain. These data were generally collected prior to

the implementation of a DOE-approved QA program, but are freely used in this project. The sources

‘referenced in Broxton et al. (1986) should be consulted for determining the quality of the data.

‘The data included here are originally entered using a Microsoft Excel, Version 4.0 for Windows (IBM
PC) spreadsheet. This allows exporting an ASCII-comma delimited format for inclusion in GIS and 3D

graphics systems like ArcInfo and EarthVision. In the tables, mineral compositions are expressed in terms!

of oxide weight percent.

Ace ;rn\%, Veraion 30O
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UEWG- 15755457 u 584] 1 B E not e, |1.83 2.031 o]~ 013 0s; not mesw. B24)
USWG; ¥ UsWG: 1 [Ginop not mass, 8] 3.08] 6.67] 0.14] 0.08 ] ey not mess, B81.3[
UEWG u A [ Gnopt EX hot mass 4.06 ©.)2] 0.5 not mase. 82.3]
USWG-2 1 usw il pthoite Ek not rmess 408/ 008[ 0,1 0.6¢ not me. 88
USW- *65 U 200 il Ginopthciits notmese, 1 0,961 4.1110.61] 5,511 1.28 o not mesy,
[Uswe: U USW G 8 o ptio Ex rmese, | 0.95] .07 1 not mese;
[uswa-2 ¥ m o5 20,2638 [woxtop pticite Ex rmese, | 097 0. 14[1.68 not mass, 80,0
UsWG- 758 uf [ 200.2535 [fvoxton st al. {1 piilotite nat ma. 8| 30l 0.36]1.96 [ e not mess 6;
UsWe: 7 u: 7: on; ptickts Ese not meas, ] 6,781 2.06 0.23 o not mess, 2
Uswo: u: ] 5164108 |Brxton st of. {1 pt not mess, | 0.04] 207 0.963.70 not mass, X
USWG: usw 1 81541 ton et ol. {3 (Gnoptiolite’ pot ess, 0['3.141 .07 0.84| 3 66]no not mess, B6.
UEWG USWG-2 48 €318 3 [Ginap [not mass, 0] 3571 0.16]1.02] 278 o not rmesm. 84
UsWG-2 2 7458 £31.875]fva 1 p Ex not mese. ol 341l 616132 3. not mess; CEY
UEWG; UEW G2 631,875 ro 1 Ginop El not mase. 3 0.96] 3.77}no; not mase: &7,
USWG UsSWG-2 48 531 [GinoptRoite P not mess. of 320,631,321 3 48] o not mass. 28
U 745 631.878 [voxt Cinoptiite Ex ™ of34al ol 1.23[3.01]ne no .
USW. A8 Bro; 1 [Ginoptiicite 2. [ o] 1.18]" 3.2]noi o
[Usw 2078 & Ginoptiliite 25, | 045 o[ 0.68[7.62]n e
(T 2079 3784 [Broxtan of Ginoptiokits e | 0481 281] o[ o6s| nof o
Usw 88| 667.7584 [Bvoxton et o, {1 Ginopt 0.58(3,13 o[ 097 281]no 10
Usw 158 7584 |Broxton o [Cinoptiolits 048] [ 261 ]nof o
Ut 2188]_687.7684|Broxton its [ 082[a3a[ o] ot
Ut 21681 667.7684|Broxton [Ginop it 4 35[0 ot
USW | 168 7884 [Broxion v [Ginoptiol [Ele 113.23] o not
USW G 168 657.7684! n et ol (1 optiol Ele 813.23] 0 no
G 2328] 706,68 {voxtan ot o, {1 | Ginoptio! E 03[ 348 o o
USW G- 2328] 08,60 bro: 1 Cinop i not mess, [ 02813 83[ 9| ot
[Usw 2430} ros (1 [Ginopticiite notmess. | 0.36] 2. s 0
Usw 2430 140,064 [Broxton olite_ notmess. | 0311 3.08]__ 0] not
UsW 3067| 9218 ]Broxton Gino, . notmess. o o1 ot
ui 5348216 n ot o, (1 [Ginepticlite notmess. 32018 ot
3087] o st ol (1 [Gnop! not mem, o[ 0260, not
UsW 3067 8216]Broxton et ol. {1 Cinoptiokits ot mes. o[02e[ 03 ne
UBW 3087 1218{Broxton et ul. (1! [Cincpt of o
UsW G 3087] 6218{Broxton et [Ginoptiglite o of o
U 319: 2.6218 n et pifokts El no 8 o
G 2] e728216]Aroxtan et al. [1 5 El not nof
USWG2 2| oy, i [Ginoptiokita no: noi
UEWG-2 E1CT] I [Cinoptigine ot ot
USW G- 3192]8729316]6v: [Ginoptis] o
= 318. 12,9218 6o [Ginoptisiite o
uswa; 16. 292181 [Ginoptioits nat ot
U 3162/ 2.9216[Broxton tioite ot not
[USW G 990.8[roxton Ginoptiokite ot ot
U 2: .8[Braxton [Ginoptioits o not
U 1196 384.238 [Broxton [Ginaptioite ot no
ut ] '384.238 [Broxton ot o, | [Cinoptiokte no; e
K] RCa0 4 ey ng!
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[N e ckMinorel Type An ‘Metho ' BAD 3 5 |HZ0 Total Oxides |NOTES
U 1T 83 364,238 Broxton et . (1 [ Ginoptiokte nof 78} 3.96] 0.01 ot mess, [not mese. 83,
7511 63 on ot o, {1 [Ginoptiokte i e 093] 386019 not mess. [not mess. 82.
U = USWG3 1 [Cinoptaokte nof 24 3ot mese, notmess; 8.
U + UEW: £71.195; on st . {1 Clinopt o .6; 31 [not mes. [not mess, 8.
u 17071 B74FY USWG-3 7 oxton ot Clnopt et .69 1,76} 3,98[not mess. [not mess. X
u “1B74F1 UsW 2] n ot [Cinopt 0 e 6% 81 [not mems. [not mess. 87.6
u % usw 98; n et o, (1 Clinopt robe. o 67 04 not mess. [not mess. 873
u U 571, ton ot [Ginoptiots robe nof .84 84 B.4¢|nct meas, [notmess. 8671
n st | Ginoptiofits’ Elex [nof 1.53] 4.81 [net muar. |not mea, X1
u USWG-3 374 952 {Broxtor: et al {1 Ginopt ot 8l not mess.[not meas, 81.7
U UsWa.a 1874 671,1952{Arorton T nof 96 1 [pot meas. [not mess. 839)
u U 1874 1952[Bromon et dl. {1 Clino) ot () 521 £.05[not mess, [not mess. #5.0
us USWG3 Broxton 1 [Clino) o 0. K B1[not meas. |not meas. 844l
UsWa-3 Broxton Ginopt Ei nof 84 8.17Inot mass, [not mesm.
U USW B3 1968] B0E.33: oiton ot pt o 8 1.85] 6.491nct mess, [not mess. 17;
UEWG-3 U I raxton Ginoptillite’ Bl nof 068 1815 84 [not mess. |not meas. 2|
u: ugw 1960 1 [Ginept ot 080 €.74|not mese. [not mese.
U 63 1960 Brauton o T e 0.63 0ot meas. |not mess.
u 63 6053378 Bk 1 [Cinopticite o 0,61 2.8/ 6.51|not meas. [not mem.
U USW a3 605, Broxtap et dl. {1 plickts ot 2411 6.08[not mess._|not rpess
U > USWG.3 1988]” 606,3328 ] Bro; 1 [Cinopt [ nof 111691 [not mess, [not meas.
U a7+ UsW, 8063328 { Broxion et pt net o6 081 ‘mess, [not mess.
U 827993 U 963 | Cinopt o 8.86[not mese. [notmase.
u: 89°257761 U [Chnopt i e 18| 74{not meas. [notmeas.
u 90° usW a3 Brouton Cinopt et 27 1.67[not meas. [not meas.
u 81+ ) 7, 785, xton st o [Cinoptiokts o 27(3.28] [ 77.7113.74tnot meas. [not meas.
u 202 Usw -3 Broxton et ol. 1 [Cinoptictts ot 561 3.84{not snass. |not meas.
U o USWG-3 2677 Bvoxton et dl. {1 Cinopt Ex o 05 §511.97{not mess. 10
U G Browton et ol. {1 [Cinopt nof 0.2} 361 0,08["1.60]1.86}not meas. o
UEWG3) . UsW a3 (Broxion et ol {1896) | Cinoptiotite E ot Of — 1,71 2.3 ¥not mass, |
u: 7 USWG3 785, Broxon ef pt Bl no 18]not mess, Jno
U v, USWGa H 7970521 Broxton st al {1 p! nof o o —288['27 e -
U usw 7.082 {Beoxton et D! o of of 20t ot ot
u USWG3 26%8]800.5488 {Broxion of Ginop e nof of 207 noi ol
U UEW G-3 2688 808.5488 ]Broxtor ot ptiolite oo o] y.88] "ol 3.487no Do
USWG.A [UsW 831 oxton ! [Cinoptivére El nat 98| " ol 2841318 ]not e
U USW G 32 oxton et o 7 Ei ot Y o243 2.88]no nof
U usw 3220|583, 2848]pronton piobte nof 0y ol 278 noi no
UBWG.3 usw 3] .18 Brovton et o [Ginoptieite El no 9] 5.67] 2.00]3.67no e
u: 08*3589ET usw FL] T 72[Beoxdon et o pticita e nat X 6.581no o
(I 2. U 3539 ] 1003.9272 fvoxton, P Ele; ol [ .21 4.471no! ot
u: 07°3689FT uswW 3689 et Cinaptiabte nat 3K} 2.42] 4.38]noy o X
s [08°3872FT USWG3 2] 1110.2258; n ot o, {1 olte. [not o 1.1 ot el 85
V) ‘. USW G.3 3672] 1118.2: pt o B.04{1.0; 3.531ns ne
u: 0°3872FT USWG3 1110 Gnoptiobts e 0 2]~ 2.89 [ 4.48}no) o [2X
u: 117367267 USWG-3 72| Ginop o 06.07] 0.0 638,61 fno 3 (7%
u: 3 USW a3 7; Ginoptholte 0 ol.12[ 001 4.36 ol no
USWG 3 3387; u: Ginaptio El 0ot 0} 3.04] 6.0 ]2 27]'6.02{n o 8.
UEWG-3 43375567 USW: 3, Cinoptlolbts: e of o} .98 o, no o
USWG-3! 3 U [Cinoptiokts 0ot ori.08| o 3,99 not nof 855| 7
UBWG-3f 1673; U EY Clinoptiokte oo oiv.00] o] 3&9 nol o 871}
Ut 2 I 44 ptickte o 04! 243] 03 not [nof X1
USWG 3 8°. 0 ; Ginoptiokty e 6.22[ 2.35[ 0.27] 3. 5ol o 88,
u G4 143 Cinoptiokta e 1.83/ 018 ot no X
i UsW o4 1432 o e of .38, o nof 09.6|
i ¥ 1470) ] tiokts e o084l o 28] 64afne no 9.0
U USW (-4 1470] 058 [ Cinopi El not CH o] 2161 541 fno ot ee.
Ui usw 64 1470 445,058 voxton . B nef 0['1.06] o] 256 &.64[noi o 887
i USW 6.4 T3 o [Ginop nat of 0] —2.35]°6.68)ne e 7]
Ui UsW 6.4 470] 449,085 Bro; Ginop no ol 0s; 2131 6.03] et o 73]
u USW 04 1470} 443,068 B 1 [Cinops El nof o/ 1,08 241 4.97 o nei [1X
s USW G4 4700112 [6ro> 1 [Cinaptioite El nof ol 0.08 2.88} B.36]not mase. o X
u USW G4 470.6112|Sa 1 Cinap! E not mess 0/ 1.8 o8| 3.61{5.28[na o 89
USW G4 4708112 |60 1 [Chnaptiokte Ei not mess, | 002/ 0.06] 0.41] 3,081 6.45]nai o 87,
U USW G4 470.8712[6ros 1 [Chnoptioiite Ei not mes. 0] 0.79] 0065|3116 68[no o 66, A
u USW G4 1644 ] 4700112 [6ro; 1 [Cinaptioite Ei 5; notmese, | 002/ 0.01] 01 62]no! e 81,
u USW G4 3 20, 1 [Cinoptioite () not mess. | 0.0110.64] 0. 671 °8.45]no no [}
u USW G4 ] lro: 1 [Cinoptioite notmess, | 0.08] 1.00] 01| 3,671 6.72(no o [
1 USW G4 v707] " 8; fro: te 0 not mess. | 0.02(0.530.05] o e [
u USW G4 170, xton Chnopt not mese. | 0.051 0.64] 0.06] 1.91{ 5.88{no! o wos!
[ USW o4 1707] 620,293 Beoxton ot o (1 [Glinop: Ele © ot mess. 1.06) 0.04]24; o noi 90,
s USW G4 1762]  €37.0678 n, T o octmess, | 0.07] 1741 o 348 o no 1K
u USW G4 1762] 637,067 o tton micgoprol 7] netmess, | 0.08] 3.8] 0| 2711 3.67[no no X
u USWG-4 1762]  £37,0878Broxton ot p Elctran mieropto © [not mase. 21 2.17) a.07]nos no X
us USW -4 1762 63z.08 0 B e8] ol . 6,04 [not mass. |natmess 332313, 74] 0 ot
u USW G4 T £37.0576 Broxton [Conse! Eh o7 ¥ not mase. [not mas, | 0.12[1.79] 058 3.4513.77]na o €9,
fu USW G4 '837.0876 Broxtan st ofte En 873 1 o not mas e[ 3.1} 39]na o [5)
u USW G4 V762]  637.0678|6r: okte eal o 0.04|notmess. [nat mem, 0.24[ 3.0 o g 68
u 4 3; 64983368 Broxton et . (1 [Ginapt El ] not mems, | 0. 11| 1.02[2 14 e o [
u USW G4 2)32] 649.8336] Broxton Ginop & not mess. 28 e ot
u USW G4 32| o4, pickte net mem, | 0,08 o[ 1,38 2.21ne: o (3]
s e 3; 649.8338]Broxton st 4. (1 [Gnept Ex ot rass. 0.18] 1.07} 2.31[oe o
u USW G4 i 6455338 [Braxton a Cinopi E not mess. 002 23[nex £ [}
u USW G4 132] - 6495338 Broxion at o El not mess, [ 0,00 o] 1.18}7.69]me o ()
fu 4 3 [Broxton et b (1 [Cinop El notmess, | 0.3 3. o 111} 1.08]ne e B4,
u UEW G4 2132] " 649.833Broxion et &, (1 [Ginoptioite Ei notmess. o[ 097| 1.03]ne o 82
u USW G4 2132]649.8338 |Broxton et i, (1 Cinop not mam. 0| 1.18]2.08[n o ETX
o USW G4 2137] " 649,8338Broxton st o {1 Ginaptiolite notmess. | 0.09] 3,78 0] 1.33]1.78[net nof 8,
u [USW G4 2227] 678,785 Broxton ptiakte Ex notenese, | 0111 3881 0] 1.2 nof nof 82,
u [USW G4 2227] 6787890 Broxton prickte netmem. | 0.14] 3921 0| 04l 1.8; o
[USW G4 232 678.7890Broxtop st i {1 [Chnaptiokts not mess. | 0,17/ 3.68] 0:02| 1.21]1.14 ] o 8:
0 [UEW G4 2 878.7998 |Broxton. [Ginoptiots not mess, | 0,1 0] 138 noi nof
U [UEW G4 2227 6787690 Brotor, o netmess. | 0.1[ 381 o 138 o nof
0 I on [Ginopticlts notmess. | 0.18] 3.72 0181 a8 o nof
U USW. 7] 75,7806 |Broxton et ol {1 Cinoptiolts Eioctr notmeas. | 0.13[ 238 0.0 :84]no nof
U USW G4 239] 524472 |Braxton Ginoptiokts i o 0371 4.02[. na ot
(T UEW G4 682.4472) n st ol [V [Ginoptiokits i not mass. | 0.311°2.08]0.031 ~0.82]"1.11 [not meas. [na
U u 2.4472 | Broxion et l. {1 Ginoptokts € not meas, | 0.372.01] 0.1} "0.83]1.88]not meas. [no
u: USW G4 2) n ot o {1 Cinoptiofts not mes, | 0461 3. 639 1.40/not mess. no
u: USW G4 2739 €82.4472|Broxton et ul. {1 Ginop Els not mess, | 046/ 3.65]" " 0] 0.6]1.91]not mess, [no
u: U 6824472 [Broxinn st o. {1 Ginopt not roess. 170,37 357 00| 0.6]1.28notmess. [not
(1 USW G4 22391 [ Ginoptioite ot mese; o] 063 not mess. nol
u UBW G4 2728 5424, n [ Ginoptiot not meas. 4.32[C.04 not mess, na
[ u d [Qinogt Ei notmess. | 0.3] 4241 0. Ainot mess, Jng
u G4 voxe 1 Cinaps E not mess. 0.87{ 1.06|not mass,_Jno
u UsW G4 738] " 834.5424 {rox 1 B not fnass, 1,071not eees; Inof
u USW -4 2738 83454 n o notmese. | 020 2141 C38] 1.1 meas. o
o USW G4 738] i [Chnoptioits [notmese. | 0.27} 431 0.47] G570 1,17 not mese, no
u USW G4 [Brexton et ol (1 [Cinaptiotte [ o not meas. | 0.2014.48] 0.1 S3|not mess. Jna
u 4 834.6424 Broxtan et a, (1 Cinops not mess, ot mess, | 0.3374.48 06[not rrams, Ino
u UBW -4 2738] " 834.64: et ol. {1 thoite nat mess. [not mess. A, 3["0.0211. 237 not meas. [0
u UsW 738 @3e.s: 1 ity not meas. [not mes, 65| 0.89]1.12{not rese. [no
i US| 1300) 848 te. El potmeas, fnot mese. 0] 0.841 287} not meas. not .
UBWH-3 UswW| 1800) 7Y 0. ptiohty not mess, "{not mase, {002/ 382 007[ 0.88 fness. |not .
0 usw 800| n, not meas, {notmess. | 002/ 3.19]" 0 0.857 3.13]not mess. [not &),
U UBW H 800| 64 Broxton e not meas. 1ot mese, 5o not mess. [no 74,
[USWH-3 USWH: 1 not mess, {notmess, | 002|378 0.c8| 0.06 ot [7%
0 U 8Broxtan et o (1 ito not mess, {not mese. 27| ol osel ‘mess. o
T Usw! 420 432,816 By e not meas._{notmese. 3371 "ol ass not mess. no nnl
ks JDA, W] [] EX1 nal
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A B b E [ HE L J [3 L M NlojP] alR [] I [1]
[ Anshytical bai 5107 [ 1102 |AL203 [FE203 €0 NGO 205 [h; Total Ovides 3
i 0 USWH.4 1. 432.918]Broxton o to Ex 2] 0.08not mess, Inctmese. | 023] 3.21] 61 (ot M, not rrads,
U 187714; USW H-4 1 432.818 [oxton et ol [1 Gaoptiolite 7] .2 o notmess. | 0.231'3.22]" of o not meas, [not mess. 7.
s 188°14; [USW H-4 1 43; n ot optiolite 17 2] Olnotmass. Inotmess. | 0. O] osg] 3.1]not mems. [notmess. 873
ui *1485FT USW! 1 ton et ol. {1 ptioite Ele 2] ngt mass, Jnotmese. | 0.81)73. ol o not mess, [not mess:
i D07 |ABEET USW H-4 3. ton et al. {1 [Gnoptiokte’ x| (] ) not mess. |0,781 3.69] 0:62]_6,43]"1.83]nat mess, [not mese.
U 191 * | 465FT USW. 1 [Cinoptiiokits 84.5] 9] o] not mess, | 0; 5[ o 2] 1.25 [not mess, [not meas. 839
o 192° UsW [Cinoptiobts 6a.4 2]l ol not mess, [70.77]°3.73 1AInot mas.[not meas.
U 193* UsWi 550 [Cinopthoite 5 ‘mess. [not mess, L) ) ress, Jnotmam A!"u
U 194 1 550) [Chnopticite. € mess. notmes 151 G99 1.48] 4,81 Int mes. " Inat maas,
o D571 8! 1650) i v = mese. [notmese. ol 1, ot mass. fnot mem, %—1"!
i O] u 1 3 B mese._[not meas. L] £2[not mean. [notmess. 849
u T ad USW -4 0 pthokite mese,[not meas. [N K 0ot s, [ot mess. a4
i 198" usw| 1880} 1 Cinopt not mess 25 T.32] 4.84]not mas. [rot meas. Ei
i 1997 1980 Ginapt Ex ‘mess. [not mase. 39| not mess. [not meas, 89,2
@ T3 USWH-4 1 091 E pot mess. 03] Go7]3.49] meas. [nol meas.
m 1 198GFT. USW H-4 1 optiokte not meas. 0281 o 418 4.19]not mess, Jnot rmess.
EW H-4 Ginoptiokite meass, {notmess. [ 4.73|not mess. Inot mess. 838
i *1060FT USW H-4 1980| Ginapt ‘mes. [not mea, 0.32/0.36] - 3 68]"4.04not rvaae,_|not mess. 79|
a 1 USW -2 1960] Tl [Ginoptioita, not rmese. o] 3.08] not e, [not mase,
i 2067 x 1960| i [Cinoptioste, Ele not mess, 1o 3.00[ 6, ta{notmes. |not mesm, 876
u 3 Ut 1666 i [Cinoptie - rnasé,_[not mess o] not meas. nat mese. 8
U 1600FT usw (1 joite notmeas. Bl o .31 frot meas, {net mese. 3
U 191 7F1 USWH-E 0 [Ginoptioite not mess 78| 0] 1,671 4.85]not meas. Jnot meas. 507
0 191 7F] m 3817] [ Ginopticits not mass, 571 0.042.03] 4.96]not meas. [rot meas. 510
U 107191 751 81 [Cinoptioite’ not mass ] 80 498 not meas. [not meas, 5;
u 119177 ui 191 [Cinoptioite El nat mas, 0} 2.07} B45[not mess. [not mass, T
U T1917F] 5 1917 il [Cinopt not mese. .88/ B.68|not mess. [not meas, 0.1
i 19175} 1917] [Ginopt ot mess. 3 I mess. [not mem. jd
u 718177 Ut 101 q [Cincpt El not meas. sal”_ o| i1 not mess. [not mess,
ui 216~ UBWH-E 191 q ite Ex not mess. 0] 1.84] 395 not mess. [notmess
i UswW| 1) [ Gineptisite El mess. 7.84] 603 .14 ot meas. [not mess 81,0,
[ USW - q G 05 ot mess. 181|018 pot mess. ot mess; 821
fu usw Giroptiol - {not mam. 3,871 0.07]1.68]°4.08|not meas. [not mese. 8;
(T usw 1830! 1 Giaopt [Eie 674 ) not mess. 6 1.71["4 14 not meas. [not mase; a74]
ui UswW 930! (1 Ginoptiol £ not meas. 18— ol 1, 247not meas. {nct mese. [}
i LEW| i Gnoptiokts not mass. 83| 6.70] 2.31]3.67[not meas. {nefmess. 621
i [u: (1 [Ginoptiokte not meas. g:.al 0.01 3.24]not meas. fnotmese. 9.4
usw 20| ptiol € [not me. o[1x] o 3.89|not meas. [rotmese. 6;
swi 22472220FT usw. i ptdoite not meas. 0] 1580l 3.22{°3.83[not mems, [notmese; 872]
Ut B u il ptioite not meas. ) [Fz] 453 |not mase. meas 5,
UE: 22612 % 279) D o P notmess, | 331" 21 0 not mem, [not mess. ﬁi]
[UE-28a01 227°13; UE:; i not mess. 175,741 3.87] ol 0,8]1.75]not mess, [notmese: 841
ui o :; i lite tron mictoprot not mess 3] 0.68] 2.02|not mess. [not mese.
UE- o UE.; t e [Electron microprol not mess. 3es] o 1] not mass.” [not mess
UE-25a#1 2307 13237 UE: 1 [ Gine piokte not mess. | 6,673,921 o] 6.65]"1.76]not meas. [not mese: 876
U v [UE- 3 ton not mess. 5.0 not mese. [not muse: 87,
U 132567 UE. [373] 40.2604 |Broxton ot notmess. | 0383011 0.15] o.6: not meas. Inst me.
0 GEYad UE: ton ot ol {1 Gliney Ex not mess. 1 067/ 3.97] 0.2} o] 3 8[notmess. Inotimase.
G [UE:; el 413.9184] n Ginoptioite e not mese. | 0.3 07| o8 notmess. [not mess,
28081 TREL 33 [UE: 413.0184 [Beaxton ot o, {1 Cinoptiokty. € nat mese. | 0.22]°3.07] 0.03] ot mess. [not mems.
U REL a4 [UE 3 413.9164 [voxtan et al, {1 [Chnoptieite ot mess. 0.1/ 0351 1.78]not mess, [not ma,
UE:; g UE:: 1381 5288] 0 [Ginoptiokts not meas. | 069 1 mess. [not meas
[UE-28031 1 UE:: 1384] 421.8432 | Broxton et ol {1 [Cinoptiaits EX not mess. | 0.681 38012 04| . [not mess
UE-25081 1 UE-2824 1384] 2{Broxton ot ol {1 [Chnopt not meas. | 0. 0.5111.86[not ass. not mass
U 3; 250 1284] 8432 [roxton [Cinopt e notmess, | 0.6 4.08 0.49[1.56 /ot mase. [not mem
UE-25a81 241 1 1,8432 [Chnopt not mess. | 0.62/3:06] 6]~ 0.5]1.65]not e, |not mass;
o UE:; 1284} 6o, [Chnopt notmese, | 0.00] 4, 14| 5.481.61 [not mase, [not mes.
Ve 2431, UE 1485 532[6ro [Ginost E ot prass o] 2.76] 0.04] 6,51 4.0 nai not meas:
U ot Ug-284 1485 24353260 [ Gino ptol not mase 0['3.68] 0.01{0.67] 2.14|not mems, Trotmess.
1 UE- 1508 Bro; Ginoptialits not mess 0['3.481°0.1416.78] 2.07|not mean, [not mess.
UE: 24871 UE: 1584 8032 [Bros optilobte E not mazs, of3.62[ 0.01 2] 2.25|not mess, [rvot mese.
3508 247 1BOAFT UE:- 2504 B84] 442,6032 6o Ginoptiokts not mess. 0] 582 0] 08312 78 not mems, [rot mese.
3 24871 UE- 15841 482 optioMs not mess. 0} 4.13] 057 23[not cness, [not mese
uE:: 2457166 1067]  508.1018 [vo; [Ginoptiobte E not meas. o[3n] o not mess.
uE; 25071 06; 25 1667f  506.1016 [Chroptiobte mem. [not mem. | G51[361] 0] not mese.
uE:; 251 1087FT 25 1667]  606.10 [Ginoptioits Ex ‘mess. {not mase. o not mess:
UE-26a51 527168; 25 1667 boa.ioin 3 Ex ‘mess. frot meas. 288l o not mese.
Ui 25371087FT UE-3534 667] sca.iolg) [Ginopticita El mes. [notmem. 398} 007 not mese:
u $1687FT 25ud ] £00.1018 [Cinaptiaite Ex meas. [not meas ) nat mase:
UE-26a91 2557168 7FT % 1 £00.1018 Ele mese. [not me 3.63] 0,08 nat mese. .
UE-25a81 2567188 7FT UE:2624 £08.1018 E mase, |not me: .04 0.08 not e 8.2
UE-2681 T1687FT . 687 soe.1018] E ‘mese. [notmess. § 0.01 (] not o X1
UE- 26221 1687 UE; 87| 6061018 Bremon ot ol 1 E . ‘mese._|notmeas. | 0.08] 3.87] 0 not mess; 87.1]
U ¥1067FT UE; 600.1018 | Groxton o ot mess. [rot mess. | 6.04 o8] not regs.
: X 1887] " 508.1010] o @ robe. ‘mess. |natmess. | 0.02[3 2 not meam; 878
(] T1BMFT . 3 5659552 n Elo woba ‘mess. |notmess. | 0.08] 4.78] o not mems. ars
U U $55.9552 nat mass, |notmess. | 0, 1l not masy, 3
25081, 7 UE:; '585.6552 [ Broxtan Ex mass, Jnotmess, | 01418121 0.15] not mess, X
UE:25091, 18 24T x 565,865 Biro) E not mess. | 0181 4.981 6,02 nat mess, X1
u 4208 U 8361178 rmess, Jnot meas. | 052 3. 9 not mess, &30
UE 28081 5208 7FT ul 638,117 Broxton o Ei esbe ‘mee. |not meas. | 07113 not mese, 2
UE 25081 2675208 x 8381176 [ Braxton ot . {1 i mese. |notmess. | 0.713.92] a8 not mems, 79,
U 2637208 28as £38.1 saxton et 3l {1 mese. |not meas .08 not ress, 64,
UE-25a81 ¥ 2504 7] esa.it n et {f Ex ‘mese. |notmess. | 0 8 not maas; [<%
UE- 25081 70721 13FT LIE] ITTX i Eie ‘mess. [not meas. oloar] o not mess; 954
UE: 271°2220FT UE:-2654 670,656 [Brewton ot ol Eia notmeas. | G| [ not nase; 82
2501 277 260 220 670.868Broxton o1 o, {1 Cinoptiofite notmese. | 0.1 o not mase. 83,
UE-28a81 27372 X 2229 678.868 | Broxtan st ol (1 Ginoptiokite €l not mess. | 0,64] 3,677 0 nst mase. 826
25081 274522 20FT UE-250d 2220 676650 [Broxton ot o, {1 Cinoptiekta El not meas. | 0.65] 3 o ngt mess:
UE-25a1 2 UE:; 22201 876, on st ok 1 Ginoptisite Ex not mass. o not meas.
UE-28a21 276%; U 2220 678,688 |Broxtan st al. o Ei not mess. {08513, 0 ‘mess.
E: 77+ [UE:: 2. Broxton et a. {1 [Cinopslaste’ El not mase, | 0851 3.72 0,02 mese.
= 78" UE:: 8, n ot o, {1 piicite o 00 not mess.
OE:; ; 2592|Broxton ptioite o o not meas
U » Z304ET UE:: 2.2592 [Broxion et al. {1 [ Ginopticite’ o .14 not meas.
) 1 Z30HFT UE: 592 Ginoptioiits oot not meas,
UE: 282 Z3G4FT UE-2644 702.2532{ Bro: q Ginopt o o not mess.
UE-25441 283 Z304FT UE:2604 2304|702, 2602 Brosto ot [Cinoptioiite € no 0.07 not meas.
2252 284 “Z304FT UE-2503 2304|702 260; on et o, 1 Cincptiokte € no g not mess.
UE:28a1 265 UE: 2304] 1 Cinopriofte El nof o
U . UE: 2304] o Ex e 0
UE; u UE:: ot o 008
UE: z; [UE: 1 | Ginoptiof [pot
UE 3 [Ginopt ot
UE-26041 200°; X! [Chnopt €l o ©
v 201° UE-255 #1 Cinap! D nof 0
UE-26b: w283 UE- 0 piiokte ot
UE-266, 3 3 piiolite £ o
UE- 25001 2947 3 [ Ginoptloiits [ nof ]
I 206°. UE-2561 q [Cincotiolite nof [
254 2R34T |UE-25681 7 o ot Cinapt E nof 11
XY o UE-250.91 2832]  oa3. ton ot o, 1 Cinap: €l o 0.08 s;
UE- 25641 UE:; 1538 Sroxton st al. {1 Gingptiobte no; (X1 not meas. 80|
Ve UE: ¢ 1 optioits El o 1 not meas’
(65260, UE-266#1 2833]  a63.18% n ot al {1 Gl to o 0.07 not meas. 18]
UE-266 9 1938 Broxton ot al. {1 Gineptiokte s a.17 not meas; 5
: UE- 261 n etdl {1 GinopiioRte ctron microprol nos 9 notmess.
U 8775192 Broxton et {1 Ginopt [Eractron microprol ot 9 not mess
UE: UE:; $192|Broxton ot . (1 optioite o 0 not meaa.
3 5 a1 T i s Dalmas 2071
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A [} < b E F a Rl J X L M INJOlP]l alR [] T U v
EAMPLE HO. [RockAineral An; thod 5107 [T0; FE2038 O CAO |BAO |NA20'|KZ0 [P208 30 |Totsl Qrides | NOTES,
1 < x Cingptil! 5500 O o4 [ mess | 0AT[ 65] Ol 147[no ot mess 81
U€-25 81 7~ [ Cino ol X1 RG] mese, Tnot mes [E] rot mest,_[ot mean, 8 >
- . 179) [Chnoptilobts X M) T 0fnot mese, [notmess, 170.33] 57 1.48 [not mess, [rot mass:
3 X 79 [Cinoptiolte 8, mese. [netrss, | 0.22] 89| 39, [not mess. 82,
: il [Chnoptiolite 7] M) NTY) mese. |not mass, | _0.27 6.501 0,14] _0.88] 1 not mass, 844
: 2861 Cinopt %, ol 78] o ‘mess. [nat mess, 06| 0.63[1.8{not mess. [not maas.
3 120} s, X 8] mess, |natimess. | 0.07] 1 S4fnot mess. [not masm,
3 ! . not mess, [notmess. | 0.07] 3.88[ 0.07] 1,01 ot mess. |not rmess,
uE:: UE:: ) = X1 ) 08| not mess. |potmens, 7] 3.78] 0.02] ot meas. |not reas, 878
5 7 te 89, 0.06 |not mass, [not mess, 30[0.08 2[not mess,{not meas: £6.0)
- thokte Y 3] 0.081not meas. Inot mes. |_0.07] 381 fese. [rot mess. 008
UE:: X Ginoptiaits [ ) DK 0lpetme mesm, ] 007[ 360 13130 not mess. 88
UE: UE:: [Cinaptiioite. 09, [ $ not meas. [not maw. X 14| [not mess. [notmass S,
UE- 3 1 o - 2[ o 03[ not meas. [not me. 87[not mess. [not e
UE:; [UE- 3 B X I I FY) 0 oot meas, | 6,01]3.471 0,04 not mess, [0t mess: 885
5 350 ke e[ o of oot mass. | 0,06 3.76] 0] 111 not mess. [t me: 887
81 = 1350 [ Ginoptiol ea7[ o[ 128! notmess. [notmess, 057] 2.27[nat mess. [not mass. 884}
X 1380} B ) 9 9 notmase, | 0.1 9] mese. |not meas. 8;
UE:: UE: Clingp: [ sl ol notmaas. a.18 ot mess. |not e, )
UE-26091 DE- 250 Cinopticite of o] mem. o8l 0141 £2|not mess. Inot mese. 8
5 = pifobte € o of mase. EX]IC 16]"1.94]not mea_Trotmess. ea.
U [UE:; 1700} ptiloite €l 845 ‘mem. | 024]3.81] 0,06 3 rot mese. 84
3 T [Ginop o8 not mess, |~0.22] 4.19] 18not meee. X
X 1700) Chnoptiofits, not pese, 1831 13] 91,
81 3 1700) Chnaptiabte’ [} notmew. | 0. 3]0 mess. Jnof 3
UE- 26081 3 700) [Ginoy Ela 87, netmese. | 0.3; '0.08] 1,55 ‘mass, |nof 276
UE-25001 UE:: 0} a7 e | 02813041 0.21] 1 28not meas, |no! )
UE: 1700} Cinaptiokts o potmeas. 07 ot meas. |no;
UE:: U UE:; ) [Ginapt Eis potmess. | 0 not mess. |not 3
GE:: 3 UE- ptiokte 2 o a11]0.14] 39 not meay, [ )
UE- R : plicte E notmeas. $41.34 not mass, oot 91,
UE:; 13371 700FT UE; piciite G2 87. notmess. | 70.28[3.05] 0.04] 1,71 .56 not mess,_jno: 8.
UE:; > [UE:: Ginoptiatte 85 mens [~ 021 36 o[ ).6]1.22[not mess. fre A
1 33971 UE- 1 Ginoptickte El 87, nof 318] 0 7.18] 1.3[not mess[ro 84,
*1600FT 5 1800} P B 85 230/ 3.88[ 018 7,33} 1.02[not meas, 83,
UE.26p51 ] UE-21 300 ptioits El <X o 026 3.84] 0.08] 113} 1.02[not meas, [no 81..
UE. 26581 U UE- 1800 548,84 {Bvoxton ot &, 1 [Ginoptiobts. El 1] mess, 10,231 3.48{ 018 1.34[not mess. 79,
UE:; <1 1800 Sa]8roxton ot pliloike Eu 70, notmase. § 0241 3.7 1.38]not mass. Jnot 9.
JuE:; g UE 26071 800 643,64 [@roxton et o, 1 [Gincptiokte’ % notemens, "} 0,231 3.4] 0.1t} 1.38] 1.58]not mese.|po! o7
UE: 26091 72 841, oxton et ol {1 Cinapt € 60 notmeas. | 0.04] 53] 09 0.81]nat muse, Jno 69,
UE:; : . 2 841,243 Brc; 1 pich € 8. not mews, | ~0,03] 8.32] 6.18] 6,91 ot not mese: 9.
x " UE: 841 ) pticite not mess. ol 821] 6. 13| 047]no ot mese. 85,
4B 5 701 i ot b {1 piioits mess, 7.12] 6.32]0.76] 0.28]nof mess.
I 5 1014984 [Broxton et . {1 e B ] not mess, | 0,08 7.22] 0.1 o mess.
UE-25091 v 3 101 n ot @ {1 thos not mass. |0,08] 8.78] 0. 02 nof meas. 875
UE:; = 1014964 TCXAC thos mess, 0.57) 035 |not mess, [not mess, B4
5 *3330FT UE- 1014.964 [ oxton ot o @3 ‘mess. {0,081 5 581 0.08 048 |not meas, [not mess. 8.
UE: 83", UE- 01 ton et o, {1 tHoks 3 notmese. | 0.08] 6.64] 0.18] 0.85].0.42]not mess. [notme 8.
UE:: 2 anol —1014.084] 1 okts. notmeas. o, 048[not meas. [na 8,
UE: [E-260. 014,96 i Gine: notmeas. | 0.08] 8851 0.14] 1 not meas. ot 68,
VE-260#1 3 1014,084] i Chnoptiaite [3Y) notmess. 8] 6.08] 0.05]0.97] 051 [not mese,_{nei 7,;
: 3 014684 [Brosas e € not mess: ) . 7|not mess. [nof 88.
E-25001 UE:: 2330] 4,584 [roxton ot [Cinaptiotte 8258 notmess. | 038 882|570 not mess. 96.4
3 3 2330 o ot [Cinaptiokte 84, not mese: 6] 1.311 0.51|pot mase. Jnof 88,
[ FXTY 1335 508! n ot Ginoptiokte Ei e8] notmess. | 081 1.0 not mase. [nof :EE’;
413 ) 1335] 408,908 Browton et ptiofte B 804| notmess. | 0.397 4841 0,081 0.98] ese, o 3
o & 13351 [Broxton of [Cinoptioite’ s 641 nat mese. | 0.58] 0] _0.75]  1]nei ot x|
3 41 1338 [Broxton o [Clinoptiboite [ £9.9 notmess. | 0.68] [not meae._[not 2]
a1 413 1 6ro; 1 [Cinapt [-X] not mess, 0] 247/ 508]""1.06] 4.3]nat mese. nof €51 |
3 313 1421 n ot ol {1 Chnoptiokte ] not meas, of 211 2.02|not mess._fno
313 313 1421]433.1208]Broxton et [Qinoptioite . 9) not e, ol 2e3] "ol "1.384.89[not mess, oo
513 13 1431 Broxton et [Cinoptiofte ] not mess. of2e3] "ol 1,231 4.11not mess, Jre
3134 13 21 4331 n Ginoptioite 2, not meas 6] 2.97] "0 7,167 4.25[not mess. Jroi
313 13 421 433.1208/0roxton of plafite o 0.03| 284] 6.1 ).22[ 4.00]not mems, no
393 13 1] 433, n ot ol {1 Cinoptioite B 875 not mess: 0] 2.4810.08¢ 1.32| 3.63not mese, Ino!
313 13 4211 432.1208 Broton et af. {1 Ginoptiokte 893 not mess: 07 288 _ 0] 3.18[ 4.631not mess, [
313 S13 4211 4331208 [@outon ot ol (1 ogtiokte € ) not mess, 1 001 3] 4.961not maas; Jno
31 413 444,003 1 oits &, notmeas. | 0.05] 3.48] 0.1 2.02{not mess. [not
41 413 "444.093| I [Gingptiote s &: notmes. 2] 285[Goa 52[not meas. {ne
I 313 444,063 [ Bre i [Ginon: [T ™ 3.06[0.00 meas. {noi
51 376°145; ) 434,038 il [Chnoptiakte 654 notmens. 3070 o4 mass. E7)
3774148 573 444.0636 i Cinop: g 06 mam. Jnoi 82.
513 7145 13 244,035 Cinops 68, e ag3l27a] 01 nof Y
133 3 £33 7 q [Cinoptiolite 5. no, 31]0.16] 05| poi nof €4
1 345751 513 1457 n Cinaptioity . ne 55| not mess. [no 849
B X 145; 444.0036 Broxton st &, (1 Ginap E X no saf 283l 018 03 ot meas, ol [FX]
2 *15106) 3 51 2,991 et Cinop "ea.1 e S| o[ 0% ot mess. ot 85.
1 151 1619) 1 n Cinop: 5.5 ne 5 [ 1ot mess. Jno 8s.
= U 73 161 9912]Browion [Cinopt 9 e (13 0.08] 062271 [not meas. frof
0 161087 13 1510] 29812 [roxion et o, |1 [Cincptiaite 64 o #2] 011 as3] [not mess. no:
3 15106 1818] il [Cincptiokre ) o a4; [ 8]not mese. o
L 18] 3 E18] 402 9912[Aoxian et el 1) [Cincptiotte 58 o CX) X 088} 291 [not mese. |nof
173 7181967 513, 161 462901, o [Chnaptioite - .| no 045]3.49 5]no ot
1 13 1818 2,601 " [Cinoptiakte Eie 864 e o ot
2 513 610] 4528912 Broxtan et o, {1 Cinoptilofte Eie 88.6] ne ©82(3,60 ot
31 513 181 482.9012|Beoxton st ol (1 (Cinop 87.8 g 042[3.42 o
41 113 1548 471.2208) 0 [Clinaptia ite, El caa] ha 0| 381 :_{nof
[£3: ¢ T548FT 13 1648 471.2208| Braxton ot . (1 [Ginopt 65.5] nof o a.4a] ot
173 3947101 313 48133, ton et al. 1 Cinoptioste Eu X1 0o 6]4.38 ot
173 %161, K 181346133 et el {) (Gaoptiokts Ex 67.6] o o] 458 ot
3158211 louterop alrexton 1l G o 63.5] ot 28] 2.13| not JBEE50M, E51400E.
3158211 36 orop. OfBroxton st ok {1 Ginoptioie 836 o 53] 2.8 nes e Coordin, 7B5350N, S8140GE.
316831 [outcrop n st al. {1 Ginoptiokte 8l o 0.28] 2.00! o ZB6ESON, EE1400E.
31 outerop 0Braxton ot te oa s o 08 241 786850N, SST40CE.
3168214 outerop OlBro, [Gincptiokte 0.55] 2.47 o TB6SE0N, 55140CE,
3168211 outerop; OlBroxton ot [Chnoptioits nof 06 nof ‘SB1400E..
(318621 outerop o ngt [Cinptioite El nof 088l 211 nof TBESEON, 651
EALIFEN] nutesop 0]Braxton et al. {1 [Cinaptiokte E no o] 267 ot s Coordin. TBSS5O0N, E81
11 outerop Offraxton ot ol. {} [Cinaptaoite €l ngi 781 277 nof 1Z850N, BE0A26€; N Uppar,
&l auterop on et al. {1 Ginoptiokte E e 269 nof 2850N, BB0026E; N upper
56811 [outerop oxton ot ol {1 o 0.38]'2.3; JE2850N, BEOSZEE; N upper
5681 7 outerop) O] Broxton et ol (I ta o as | 255 787650M, 550825€; upper’
X outerop o ne [Cinoptiotes nof 11 ot s oo '$60025¢ upper tuf
K outerop [ 0, ptiokts 7Y nof 0, nos 78; '5508: ‘upper tuf
BB outerop o) [Cinaptiloite € 66.3] o 70 o ordin, 782850N, Bt 3 uppwr tyf
£5 qutcrop o{Bre; () Ciroptiofts 7} ot 5[2.33; nof 7B6400N, BE1100E: N upper tuf
X7 1] outerop. [Braxton ptio} nes o1[ 0,01 1..78600CN, 550000E; ear
31 13 orop. O rox Ginop! o 0.04]
3188 I} outerap. OBroxten Ginop! X] o o.04[_ 09| 18] o
218623 18 outerap et (1 tiokta E ] 13] na 7,06} 1.2f 8.14]not mess. [no
EX 8 ayterop 9 T Ele 64.1 1.7 o 093] 4 not mess, ne
3.15-8: auterop O] B a e 06.8] 127] oo o1]” 08 .03 [not mass, [nof
31582 18 quterop 0[Bro; t [Ginopticite [ 122] nof Gos[ 081 0.0]'8.38|not meas, |no
1 19 outers 0Bro; ite 67, 12.2] nof X 1.22[ 6.20/not mess, oot
UsWG. 1 3371 USW: 7] I Ero; me X1 19.6] of 001 12l o ot
USWG-1 *3371F7 UBW G LY [Bro; (1906) JAn; g8.7] 19.8] [no! of "ol i} of ot
1 3°3371 UEW6 3371 Ero: Aok 1967 ot ot o] 12| ol o
[USWG- 33 Usw 337 1027, Bro; Tl b Je8] no o] o 1291 of;
UBWG-1 5+3371 USW G 337 Bro; j1988}_|An: 50,1} 1971 nat oo, 1291 ol o
- Sani 13880 JAD [ 1871 nstsaeiog glool 1080 —alooe rase oo 204
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[U5WG-1 753371 U il 1027, [Andcime Ei 589 o 8 not e, of o] 12 not meas,
TEWGY, *33, USW GV 1] 16274808 |Broxton et (1966) [Anscime o 19.5] of not mess. S0} gl not meas, %,

] I USW G xton at o |Ansidme Ei &) 0] 9| not mam of of not mess, 907
U 163371 1 roxton [Andcime Ex Bl ol jes| o not mass X o [not mess,
USWO- 37T USW G E T2 I Brcxon alcime se.t| o 191 of not mes, 0 not mass,
U * UsW G- B 158 [Broxtan il 8021 o] 18 not meas, [natmese, o] ol not meas. B
UBWG- R [ [Broxtor i hck ¥ 18.5 [] 09t iteas. 9 _of ot mese.
[UsWG-1 145420657 UsW. 4208 5984 [Groton An o of not mess. 9l "ol 128 net mese. [not s
USWG: | 8°4; USW G- A; 262.¢ i d JAni ol 9.3 of; not meas. [] not mese. [notmess. 1.8

6% n et . (1586) [An Ei 0 et mess, [rot mess. 0.0/ 0.09] mess. [not mess’ 908

Uswa-1 17 USWGT . Broxton et ol (1968) [An Ex -] R 0.04]not meas. [not mase 03| pot mess;
u R UsWa- 4205|1309, 116(Broxton ot o, 1886} [An, € ) 0] " 19.5| 0.04|not mess. [nat mese. 003 ol not mass, §|
0z 0 USW -1 369,118 [fvo: 1980) | Analcime 50.4 07 I nat mess. |not mese [not mess. [not mas. 3|
UG- SAM4TFT UsW! 1 x 11996 JAn 69.5| G03| 194 [ notmess. | 0,01 G02{ 0.0 0o Inot mess.
[UsWG-1| 2154341 USW: T} BETXT ton ot l, (1936} [An . 0 o] not mess. o1 meas,

1 . USW G- 4400] 1K} on et ol (1966} |An, 61| o] not mess. o o X meas, 5;

1 . [X S144]Broxton 1 El 50. of; ot mess, of ] 11 ,_|nat meas, 90.0]
USWG: 245, UsW G- 4503 144 [Beaston ot of. (1 E 62.6] 0| o} not mess, o o o 12.2] c.04] not mess:
USWG-] *4700FT USW. 4700} 143258 ton et ol {1 Ao, [ mess._[not mass. o] __oloos [ ot mese,
[USWG] *4; UsWG T 3 11906) [ 01[not mess. [not mess. o oo o], ot meas, )
jui 4 USW G- 1437.668(Broxton 11986) 58.2 [notmess. nat mass, of of of O]notmam, [not mess. 90.0)
UsWG-) 49, [ am7e] T n ot ol {1965) 69.1] 0.08] 18, [ not mass ol ol Ofnat mess, Tnotmess

1 ¥ U 70! xton ey el {1 tren migtoprol e87) ol 204l [ nos mess 0 of G.02{not maase. [nat mase, 89,
USWG-1 USW G- 4878 ) [Electson micioprot 0.01not muss,_Inotmess. | 0.08 of 0.00fnot mess. [not maas. ]
0f UBW. 4876 3 " 529 19| 0| ot meas, ol ol of [ mess. not mess. 883
USWG-1 UBW 491, {1966 19.9] pot mess. fnot mess. ol "ol of mess. [not meas.
U USW | 11966) 04]|not mess. frot mess. ol ol ol” 11.50.01|pot mess. |pot mess. 804
U U 1 (1968} 57 0] ot mea, of ol o[ vas] o ot mess.
[UsWG-1 USW G 11966) 524 Onot mess. [not mess. ] 11.87_"0[not mass, [not meas. $13]
[USWG-1 USW G- 6129] 11998 .8, 9.8[ 0.0t [not meas. [not mam. | 001] 603 not mass. not meas. 504]
UEWG-1 USW G- {1986) 59.3] 0.03[not meas, [rot masm, o of 6381 12,8/ 0.67/not mest. {not mess, o1.8]
UEWG-1 UBW G- s187 {1908} [Eie 575 B 0.01|not meas. |not meas, o of 1 meas. .5,
UBWG-1 USW G- 5167 u Anad 57.4] 9.7 ol not muas, o oot] . 11, o] nof eul
(TN USW G sie7] q & ] 001 [not mess. not meas, o ol o[, of [not mess. &7,
ISWG- ] 5167 . 11 Anaic E 51.9) 1 of not rese. cloosl ™o 28] _of mase. 0]
[UsWG-1 USWG- $212] Aol 604 85]  0.06not meas, [notmese. o] 6.0f 11.3]'0.03 [not nat mese. 80|
[UEWG-1, 7821297 UsW -1 621 . (1986) E robe. 604] 188 notmess. | 0.0t} 0.02 0,131 11,37°0.03 nat mese. Jnot mase, 94|
UsWE-1 7871261 USW G- B2t 11886 £k (obe 8.7 A]not mess. [not mese. 1 0 6.08] 1 Olnat mese. Inot mase o
USWGA 63120 USW G-1 5212 {1986 1obs. 8.9] 0.0¢[not mess, [natmess. 08} 11,71 5.02|nst mess. [not mess. 50|
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— An additional, more comprehensive source of water chemistry data is found in the USGS report of Perfect’

‘et al. (1995).

o
—

I

Perfect, D.L., C.C. Faunt, W.C. Steinkampf, and A.K. Turner. 1995. Hydrochemical
Data Base for the Death Valley Region, California and Nevada. USGS Open-File Report
94-305. Denver, CO: U.S. Geological Survey.
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~ This report includes compressed Lotus 1-2-3 (*.WK1) files with major and minor element analyses
——compiled over several decades for the region surrounding Yucca Mountain. One contains the raw data
for over 4700 wells and springs from USGS and DOE reports and the USGS National Water Information
~ Sevice (NWIS) database. A second file has been edited to remove duplicates, make chemical data
—consistent, and calculate charge balance. The "editing" philosophy used by Perfect et al. (1995) is
_described in the report. These data were not generally collected under a DOE-approved QA program, but

are freely used here. The sources referenced in Perfect et al. (1995) should be consulted for determining

" the quality of the data.
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Table 3. Data sources and codes

Data
source Data Sources
code
1 Benson and McKinley, 1985
2 Benson and others, 1983
3 Blankennagel and Weir, 1973
4 Calzia, 1979a
5 Calzia, 1979b
6 Claassen, 1973
7 Claassen, 1983
8 Claassen, H.C,, U.S. Geological Survey, unpublished data
9 Cooperative E ion U.S. Def of Agriculture
10 Craig and Robison, 1984
1 Crowley, 1979a
12 Crowley, 1979b
13 C ki, J., U.S. Geological Survey, unpublished data
14 Dockter and Server, 1979
15 Dockter, 1979
16 Dudley and Larson, 1976
17 Environmental Protection Agency (EPA), unpublished data
18 Glancy, 1968
19 Hardman and Miller, 1934 %
20 Hunt and others, 1966 [
21 Lahoud and others, 1984
22 Malmberg and Eakin, 1962
23 Malmberg, 1967
24 Miller, 1977
25 Moore, 1961
26 U.S. Geological Survey, National Water Data Storage and Retrieval System (WATSTORE)
27 Nichols and Davis, 1979
28 Robinson and Beetem, 1975
29 Rush, 1968
30 Schaefer and others, 1992
31 Schoff and Moore, 1964
32 Thomas and others, 1991
33 Thomas, J. (written communication, 1989)
34 U.S. Energy R h and Develop Admini
35 U.S. Geological Survey, National Water Information System (NWIS-I)
36 U.S. Geological Survey, unpublished data
37 Waddell, 1984
‘38 Walker and Eakin, 1963
39 White, 1979
40 Winograd and Thordarson, 1975
41 Wi d, U.S. Geological Survey. unpublished data
42 Whitfield and others, 1985
43 Whitfield, U.S. Geological Survey, unpublished data
44 Young, 1972
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For the geochemical aspects of HLW disposal, thermodynamic and kinetic data are necessary to model
processes such as dissolution of waste forms, precipitation of secondary phases, and retardation of
radionuclide transport. There are currently 9 CDMs related to geochemistry, and as identified in Turner
and Pickett (1994), most of these CDMs will require some type of thermodynamic data and kinetic rate
‘ata to assist in review of the License Application (LA). These include:

3.2.3.1 - (FAC) Nature and Rates of Geochemical Processes

3.2.3.2 - (FAC) Geochemical Conditions

3.2.3.3 - (FAC) Mineral Assemblages

3.2.3.4 - (PAC) Groundwater Conditions and the Engineered Barrier System
3.2.3.5 - (PAC) Geochemical Processes

3.2.3.7 - (PAC) Gaseous Radionuclide Movement

B%X\rwvggr\those CDMs that require confirmatory or independent calculations (Types 4 and 5), accurate state-of-

and isotope hydrology of representative aquifers in
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1,

U.S. Geological Survey Water-Resource g

Walker, G.E., and Eakin, T.E., 1963, Geology and ground | .
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tions Report 85-4030, 33 p. (NNA.880517.1870

and hydrochemical framework, south-central Great
Basin, Nevada-California, with special reference to the

Nevada Test Site: U.S. Geological Survey Professional
Paper 712-C, p. C1-C126. (NNA.870406.0201)
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opment Station at the U.S. Atomic Energy Commis-
sion’s Nevada Test Site: U.S. Geological Survey

Water-Supply Paper 1938, 19 p. (NNA.870519.0070)

" the-art data are needed to produce reliable results. For those CDMs that require checking DOE

calculations (Type 3), it is important to confirm that accurate thermodynamic data have been used in the
models.

II. Statement of the Problem

Basic thermodynamic and kinetic rate data for gases, solids, and aqueous species are applicable to any
system, in addition to Yucca Mountain. These data are typicaily kept in electronic databases e.g.,
GEMBOCHS (USDOE, 1993), and are formatted for use with a particular geochemical speciation codes
such as EQ3/6, PHREEQE, or MINTEQA2. Many of the thermodynamic databases that are available
have been developed to address a wide range of geochemical problems. For this reason, 'they are
cormmonly quite large (e.g., EQ3/6 has over 1500 aqueous species, gases, and solids) and cg{ltam a lal:ge
number of species that are not directly relevant to waste disposal at Yucca Mountain. In addition, the size
of these databases makes them cumbersome to use and slows down geochemical calculations.

The results of geochemical modeling are strongly dependent on the thermodynamic database used. Several
different geochemical codes are currently used at CNWRA and NRC (e.g., EQ3/6, PHREEQE,
MINTEQA2, GEM). If the databases contain different values, then the results will not be strictly
comparable. While there is typically good agreement between different databases on thermodynamic data

for common species such as CO;* and quartz, there is much uncertainty for many of the elements of |

concern in HLW disposal (Pu, Np, Am, U, Tc); for example, equilibrium constants from different
sources may vary by many orders of magnitude. Given these uncertainties, in an effort to develop a
complete database, there is the possibility that inappropriate values have been incorporated.

At CNWRA, the EQ3/6 database under development at Lawrence Livermore National Laboratory is the
starting point for other radiochemical databases. For example, data for 13 different radioelements hz}ve
been taken from the EQ3/6 database and added to the MINTEQA2 database currently used in the Sorption
Modeling for HLW Performance Assessment Research Project, and the EQ3/6 database is used by the

reactive transport codes GEM and MULTIFLOW under development at CNWRA. However, recent

scoping calcuiations (Table 1) performed at CNWRA indicate that for some uranium-silicates, .the
equilibrium constant (Log K) currently in the EQ3/6 database differ from values calculatet.i using
recommended free energies of formation by up to 9 orders of magnitude. This has significant implications
for solubility and transport calculations, and also leads to uncertainty about other values in the database.
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Table 1. Thermodynamic data for uranyl silicate minerals and comparison with the EQ3/6 database "
(Data0.com.r16 release). The difference values are defined as (EQ3/6 value) - (Calculated Valu?). i

would be a spreadsheet containing critically reviewed free-energies of formation for a limited number of
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- - ‘ . important elements/components, together with documentation of data sources. These free energies could |
Mieral Dauﬁ)?:o/g) 16 New Estimate, ;, Difference \ then be f:ombined a.cco.rding to reaction stoichiometry to develop free energies and equilibriumgconstants ‘
‘ i for species and solids important to Research and Technical Assessment needs. This approach would be
AG, (kJ/mol) LogK | AG, Ga/mob) LogK |AG, Wimoh| Logk ] 5 used to augment the existing EQ3/6 database and provide a standard baseline for geochemical modeling
. ‘ [ 7 at CNWRA and NRC. The spreadsheet tabulation could be expanded to include other species and solids
Uranophane -4975 17.289 -6213 8.123 1238 9.166 | - = of interest, and would allow for quick incorporation of new data as they become available.
Soddyite -3685 0.395 -3706 -3.285 21 3.680) | § The final product of this work has been the development of a user-friendly, limited-scale thermodynamic
Weeksite 9043 15.380 9039 16.081 4 0.701 " %‘ database for Np, Pu, Am, Th, and Tc, with additional work on uranyl silicates (soddyite, weeksite,
! 2 boltwoodite, and uranophane). The software used for this effort has benn Claris Filemaker Pro for
a, Recent data taken form McKenzie (unpublished) based on Nguyen et al. (1991). J % Windows, Version 2.1. The database was prepared by Dr. Yiming Pan, working as SwRI temporary staff
b.  Free energies (AGyin klmol) for aqueous species are: UO* = -952.556; K* = -282.462; Ca* = -552.790; Si0, i for CNWRA. Dr. Pan has previously worked for CNWRA as part of the Geochemical Natural Analogues |
(aq) = -833.411; H,0 = -237.182, Data for aqueous species are tzken from EQ3/6 database (Data0.com.r16 release). % Resealrlch PIOje;taFilfmaker Pro, Version 2.1 is a commercially available software package used for data |
= compilation and display. No modifications were made to the code as a part of this project, and only the |

1I. Proposed Work

Although it is beyond the intended scope of this activity to undertake the extensive review and critical
evaluation of the current literature that is necessary to develop a large thermodynamic database, it should
be possible to select a limited set of critical elements such as the actinides, and identify critical species
such as the uranium-silicates for closer inspection. Since the EQ3/6 database is already the basis for much
of the radionuclide geochemical modeling work done by the DOE and by the CNWRA and NRC, we
propose a basic effort to spot check selected thermodynamic data in this database by comparison fo other
databases, and by checking the original data source where possible. If CNWRA staff can develop
acceptable values for selected critical species, then the different geochemical codes used in Research and
Technical Assessment will be working from the same baseline and model results will be comparable.

Work would include:

A, Identification of critical radioelements such as Np, Am, Pu, U, and Tc for which the CNWRA
staff believe thermodynamic data are uncertain.

B. Identification of key aqueous species and minerals. Uranium-silicates are of particular interest as
solubility-limiting phases in evaluating uranium natural analogs such as Pefia Blanca.

C. For those identified elements/components of interest, compilation and documentation of free
energies of formation, as well as critical data review in a spreadsheet format. This type of
approach would provide convenient tabulation of the data, and would accommodate geochemical
modeling using either free energies or equilibrium constants that could be calculated from the
tabulated data. It may also be possible to compile heat capacity and enthalpy data for
extrapolating to elevated temperatures. A similar approach has been used in earlier NRC-
sponsored work at Sandia National Laboratories (Phillips et al., 1988).

B ) e i | i i

executable is available to CNWRA.

Complete electronic files are included on disks in the envelope at the back of this scientific notebook. A
general outline of the data formulation and data sources is included below.
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IV.  Anticipated Products
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This work was originally envisioned as an ongoing study designed to take advantage of advances in the
available thermodynamic data. At the completion of this initial limited study, it is anticipated that there !
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""ﬁ“ L - Table D Thermodynamic Properties of Neptunium Aqueous Species
""""""“"I . E
,,,;‘, ) _Whmm“ Q?Me@ug: S}aemﬂél}salmﬂe, Yoo 8 " Species G/ (kJ/mol) H/(kJ/mol) S°(J/mol-K) Log K° Reference
:r;,' O Alvery K‘AJ;A)ALme/\‘f : e | T
:m Q ; Np*++ -1 -517.100 -527.099 -179.100  -18.2885 [EQ3/6] |
! ' - do |
) N Detay | MMMMWM&L@WM@ s s - Np+++ -2 517100 -527.200 -179.10 [88PHI/HAL]
mwmm . ol e A vadinls lecaeat \
.J[d OQuicspeale s/salid b Np++++ - 1 -502.900  -555.999  -389.000 [EQ3/6] |
T Jl Np**++.-2 -502.900 -556.100 -389.10 [88PHI/HAL]
i 1);:;?})()\; Npe )~ Geaen | Tabulohon - Ny» solids é NpO;* - 1 915.000  -977.986  -21.000  9.8683 [EQ3/6]
~h’ b
; , : |
- % NpO,* -2 -915.000 -978.200 -21.00 [88PHI/HAL] |
I, ‘ :
“"" _ . ‘ i | NpO,**- 1, -795.800 -860.473 -92.000 9.7615 [EQ3/6]
J-Hm : Table D Thermodynamic Properties of Neptunium Solid Phases _ - «g , ’
| S * NpO,*+ -2 -795.800 -860.600 -94.00 [88PHI/HAL] |
"",”,}" Species G(kJ/mol) Hy(kJ/mol) S°(J/mol-K) LogK°  Reference { |
~ ;'{ NpO; (OH) (aqg) - 1 -1101.379  2092.000 2092.000  -8.9000 [EQ3/6] JJ
e Np-1 0.000 0.000 50.460  -171.2094 [EQ3/6} |
i , NpO:,(OH) @) -2 _1101.000  -1220.104  25.00 ~ [88PHI/HAL]
% ﬁ"’“"”’”"”"”‘”‘"“" Np -2 £ 0.000 0.000 50.30 [88PHI/HAL] ‘ . ~
i | 7 NpO,OH* - 1 -1003.298  2092.000 2092.000  -5.2000 [EQ3/6] ﬁ
_‘L,J' Np,Os - 1 -2012.956  2092.000 2092.000 -9.5000  [EQ3/6] ]
L a—— g NpO,OH* -2 -1004.000  -1102.990 24.00 [88PHI/HAL]|
He Np,O, -2 2013.000 2147250 163.00 [88PHI/HAL] ;
i _ H (NpO2); (OH),** -1 2029.432  -2092.000  -2092.000  -6.4000 [EQ3/6]
g NpO, - 1 -1021.800  -1074.065  80.300 7.8026 [EQ3/6] : ,
_L ' AN ’ : (NpO2), (OH),** -2 .2029.380  -2246.210  -14.00 (88PHI/HAL]
i NpO; - 2 1021800 -1074.000 8030 (88PHI/HAL] c\@\ﬂ :
A (NpO,);(OH),* - 1 -3473.419  -2092.000  -2092.000 -17.5000 [EQ3/6]
o S NpO. (OH) - 1 -1128.000  -1224.156 101.000  -4.2364  [EQ3/6]
h : (NpO.); (OH)s* -2 3474.000  -3897.550 116.00 [88PHI/HAL]
I NpO; (OH) - 2 -1128.000  -1224.100 101.00 [88PHI/HAL] |
: 1 , Np(OH), (ag) - 1 -1396.828  2092.000 2092.000  -9.6000 [EQ3/6]
' NpO, (OH), - 1 -1236.000  -1377.149 118.000  -5.9851  [EQ3/6] o . .
JJ’M  —— o ' Np(OH), (aq) - 2 -1397.000  -1699.900  75.00 [88PHI/HAL]
Jnj.......,.. NpO, (OH), - 2 -1236.000  -1377.010 118.00 - [88PHI/HAL] :
h Np(OH), - 1 -1447.000  -1620.851 139.000  -0.8103  [EQ3/6] . Revised Date: January 2, 1996
T T ————— %
.Hr__“_w Np(OH), - 2 -1447.000 = -1621.365 139.00 {88PHI/HAL]
in NpO,H,0 - 1 -1247.000  -1379.000  146.000 [88PHI/HAL]
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Table D Thermodynamic Properties of Neptunium Aqueous Species

Species

NpOH*++ - 1

ﬂm apl% oL | oo

G,’(kJ/mol)

-734.371
-734.000
-961.282 |
-961.000
-1181.336
-1181.000
-1607.183
-1607.000
-714.326
-714.300
-1931.677
-1953.800
-1360.000
-2010.922
-2009.600
-2547.466
-2547.000

-2496.191

H/(kJ/mol) S°(J/mol-K) LogK’

2092.000
-790.540
2092.000
~1050.400
2092.006
-1313.705
2092.000
-1863.350
2092.000
-726.900
-2183.069
-2221.700
-1540.000
-2299.685
-2298.800
-2977.594
-2977.700

-2927.110

2092.000
-167.00
2092.000
-44.00
2092.000
44.00
2092. 006

96.00

£ 2092.000

-75.00
170.000
116.10
-36.00
110.002
110.00
79.998
80.00

12.000

Reference

-1.0000 [EQ3/6]

[88PHI/HAL] |

-2.8000 [EQ3/6]
[88PHI/HAL]
.5.8000 [EQ3/6]
[88PHI/HAL]
-14.3000 [EQ3/6]
[88PHI/HAL]
-7.0000 [EQ3/6]
[88PHI/HAL]

-6.6576  [EQ3/6]

[88PHI/HAL] |

[88PHI/HAL]
-13.6576 [EQ3/6]

[88PHI/HAL]
-22.4864 [EQ3/6]

(88PHI/HAL]

-10.5864 [EQ3/6]
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_ Species

del G,’(kJ/mol)
| del H(kJ/mol)
$°(3/mol-K)

Log K

Reaction

Reference

Data Assessment

NV

Table D (Cont’d)

NpO, - 1

-1021.800
-1074.065
80.300

7.8026
Np*+++ + 2H,0 = NpO, + 4H*

[EQ3/6]

1. The data are from review evaluations. The data source is from
[84LEM].

2. The log K° value in [EQ3/6] is for dissolution of NpOa.

3, Using del G¢ [Np**++* ] = -502.900 kJ/mol and dei G¢ [H,0] =

-237.18 kJ/mol both from EQ3/6, we then have del G,° = -44.538
kJ/mol and del G = -1021.798 kj/mol.
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Table D Thermodynamic Properties of Neptunium Aqueous Species

..M, ‘""“‘ Np(OH),** -
;"v-ﬂf" p—-éér- UCOMS SpPrids.
gl » Np(OH),** -
I
. Np(OH),* - 1
Bl
.ﬁ Np(OH),* - 2
Ty Np(OH); - 1
] Np(OH); - 2
=i 1},
nnl
i NW NpoH#+ -2
it NpO, (COs),™ - |
’Ulu
"fpl NpO, (CO;)," -2
il
jﬁ“ NpO;CO, (ag)
| «
- NpO, (COs),~ - 1
..M! pO, (CO;),
o NpO, (CO,),~ - 2
L4
g
iill NpQ, (CO,);— - 1
Sl
__;]'Li‘:i NpO, (CO5); - 2
it .
"qufl NpO,(CO;4);~ - 1
rii '
1
AN Species
A ,
'i” NpO, (CO,); -2
—Jl-}ii QN;SZCO{ - 1
| =) NpO,CO; -2
]
” Np(CO, )5 -
-y Np(CO,)s~ - 2

I

NpO, (OH); - 1

G, (kJ/mol)

-2505.200

-1469.241

-1470.020

-3361.434

-3361.000

-1262

H/(kJ/mol) S°(J/mol-K) Log K° Reference

-2927.900

-1598.752

-1599.900

-3912.931

-3912.310

38.10

200.000

200.00

160.000

160.00
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Table D (Cont’d)

Np+++ -1

43

Oy g)mol Dato.. Seucces.

Yy

5

-517.100

- David, F.1986. Thermodynamic Properties of Lanthanide and Actinide Ions in Aqueous Solution. ‘

B Fuger, J. 1992. Thermodynamic Properties of Actinide Aqueous Species Relevant to

-527.099 i

-179.100

-18.2885

Np**** + 0.5H,0 = Np*** + 0.250, + H*
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The Lotus 1-2-3 file DATAEDIT.WKI1 file of Perfect et al. (1995) has been converted to an Excel 4.0
for Windows file (*.XLS). As mentioned earlier, the sassti- ile has been edited by Perfect et al. (1995)

to remove duplicates, make chemical data consistent, and calculate charge balance. The “editing"
philosophy used by Perfect et al. (1995) is described in the report.

The edited file consists of some 3733 water chemistry analyses. Most of the analyses are replicated ™
samples collected at different times from springs and wells in the Yucca Mountain region. Complete
major and minor element concentrations are commonly reported, but in some instances only trace
contaminants such as Cd, Cu, and Zn were reported for a given analyses. All concentrations are reported
in mg/L, and -99998 indicates no reported value.

Once entered in Excel, the data files have been modified using spreadsheet formulas in several ways:

1) A column was added and Arc ID# were assigned to each analysis. The analyses were first ordered by
increasing latitude from south to north, and numbered sequentialty from 1-3733. These ID#'s should be
maintained in subsequent analyses.

2) Sampling locations are reported in terms of latitude and longitude (degrees, minutes, seconds). For
~ incorporation into existing ArcInfo coverages, additional columns have been developed that convert |
locations first to decimal degrees (degrees + (minutes/60) + (seconds/3600)), and then projected to |
UTM coordinates. The UTM projection conversion is based on WTM:Zotie 1 pewi
ofz=1:17

l H e

centralimeridiafi
wand’using the Clarke 1866 ellipsoidy, The formulas used in the conversion were taken from:
Assuming 0. Folse. epshing of SOG,000 m

Snyder, J. 1987. Map Projections, A Working Manual. USGS Professional Paper 1395

Washington, DC: U.S. Geological Survey. [Ww———-

3) Analyses for each element are checked for positive concentrations (to account for the -99998, not
reported), converted to molality (m),”and total groundwater ionic strength was calculated such that:

, I = 0.5(Zm,z?)
This requlres adding two rows. The first added row identifies the assumed aqueous spec1es In most
cases, this was assumed to be the unspeciated cation or anion (e g., Ca*™, CI), but in some cases,
 particularly for anions, other species were assumed such as SO,2, PO,?, and VO,(OH),2. The second

and checked against examples given in Snyder (1987) (see below).
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~ 330e'%)A%/7201}

¥, 1978, p. 5—7; Thomas, 1952,
—4T + 42C + 13C2 - 28¢') A4/24
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2+ G-T1T+
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6 + (5— 18T + T2 + 72C — 58¢'2

/

v

koNTA + (1-T + C)A%/
scale on central meridian (e.g., 0.9996 for the UTM projection)

— My + N tan ¢ [A?

v

- AY24 + (61 — 58T + T2 + 600C

koll + (1 + C)A2%2 + (5
+ (61 — 148T + 16T%)A%/720]

a1 - €2 sin? $p)2

tan®¢

ko (M

mulas below are only slightly modified: from those presented in standard refer-

——_ences to provide mm accuracy at full scale (Arm
p. 2-3). (See p. 269 for numerical examples.)

where kd

N

x=
Y=

ﬁ:tz =€2/(1 — 62)
T

JC

e =

(3-21)
psoid.
at the J

|

o]

pt (83—21), from which -

g the central meridian from the
- ‘Mo), k= ko.

.) b — (3678 + 3¢%32
quator to ¢. See equation (3—22) for a simplification for the Clarke 1866 elli

. .) sin 26 + (15e%/256 + 45651024
...)sin6d + .

0,y = koM

the latitude crossing the central meridian Ao

LTM__tooversion Sacmulas: &om Smj,da;(m:b

.. ) sin 44 — (35¢%/3072 +

+ 45651024 + .

+ .

(A — X)) cos ¢, with A and A, in radians
M calculated for &,

al(1 — e*/4 — 3¢%64 — 5¢5/256 — . .

e'® cos® ¢

M,

origin of the x, ¥ coordinates.
Note: If ¢ = = m/2, all equations should be omitted exce

with ¢ in radians. M is the true distance alon
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-9998.00 0] -99988.00 1.10 7500 | -69998.00 | -89998.00 | -€9998.00 3.10 | -©69998.00 | -©9998.00 | -68688.00 | -99898.00 0.02 | -066898.00 | -09688.00 0.14 | -89998.00 | -98988.00 | -58688.00 2.10 | -99098.00 | -668898.00 0.84 | -99808.00 0.16
-59998.00 o| -999388.00 1.00 59.00 | -59598.00 | -99998.00 | -£9998.00 1.40 | -66938.00 | -09898.00 | -09998.00 | -99908.00 0.02( -§9996.00 | -69998.00 007 | -09958.00| ©9998.00 | -99938.00 1501 9999800 | -88998.00 0.37 | 99998.00 0.05
000 -96058.00 | -09998.00 | -8898.00 17.00] -09998.00 | -99908.00| -99598.00] -99998.00| -59098.00| 99968.00 | -£9908.00 | -88998.00 09908.00 | -09998.00] ©8998.00| 0998800 | -69908.00{ -99998.00) -90998.00 | -99098.00 | -98988.00 | -89908.00 -£9998.00 | -09998.00 | -£8688.00
-§9898.00 | 0.03066185} -£9998.00 0.80 15.00 | -69995.00 | -09998.00 | -£9998.00 0.00| -69908.00 | -©9998.00 | -69998.00 | -83598.00 0,33 | £9998.00 | -£5998.00 0.00 | -89698.00 | ©0998.00 | -69968.00 054 | -88958.00 | -89998.00 0.02 | -65998.00 0.03
" 0.00) 6999800} .09988.00 ) -89998.00 59.00 | -£9998.00 | -89998.00 | -69998.00 | -89998.00 99998.00 | 69596.00 | .-00938.00 bm§bo 9900800 -£9998.00] -06098.00| -00898.00} -69998.00 | -69993.00 | .-69898.00 | -89998.00 -89988.00 gp -§9993.00 | -99908.00 | -89898.00
0.00 | $9998.00 10.00 1.00 | -69598.00 | -68896.00 | -09993.00 | 69998.00 020 -99988.001 -99998.00 ( ©9098.00| 0999800 09998.00) £5098.00| 9909300 | 9993001 -86995.00 0988.00 | -89908.00 | 0900800 | 6999800 | -69998.00| -99908.00| -99996.00| -38886.00
0.00 | - -89998.00 8.00 200 -£9998.00 | -89968.00 | -09998.00 | -69998.00 025 | -99028.00 | -90098.00 | -99998.00 | -69998.00] -68898.00 | -06098.00 | -99908.00 | 69993001 -998958.00 20998.00 | -09908.00 | -00898.00 | -69998.00 | -89998.00 | -99998.00 | $9998.00 | -99998.00
0.00 | - -99998.00 19.00 2.40 ] -99988.00 | -89998.00 | B9988.00 | H9998.00 0.20) -99998.00] -95998.00] -09998.00! -66998.00] -86998.00| £9995.00] -99998.00 | -69988.00{ -99068.00 .22998.00 | ©9968.00.| -00028.00 | -69998.00 | -99998.00 | ©6998.00 ) -H3998.00 | -H9998.00
-+ 42.007 “-69998.00 | -98993.00 £9998.00 4100 ] -09208.00 | ©9998.00 | 6999800} -99988.00 | HE668.00§ -98568.00 | -69998.00 5909800 | ©s998.00| -08098.00 | -69998.00| -05888.00 | -99998.00 | -60098.00 | -95898.00 5059800 | 89898.00 | -09998.00 | -99908.00 | -59998.00 gugﬁ
-89658.00-| ©9998.00 | -89883.00 0.60 5500 | 9900800 | ©9088.00 |- -09698.00 | -89988.00 ] -99998.00 { £9998.00 | -89998.00| -§8898.00 | -00968.00 09998.00 | 0099800} -89998.00 | -09998.00 | -©9993.00| -99898.00 § -99998.00| -68998.00 | -99898.00 £9998.00 | -69908.00- -58858.00;
0.00 | -89988.00 17.00 080 | -©8098.00 | -60998.00 | -99898.00 | -89998.00 025 -09998.00 | -©9888.00| -@9988.00| ©0998.00| -89998.00 | -99908.00 | -89998.00| $9998.00| -59988.00 09998.00 | $9998.00) -08998.00 | -65898.00 | -99998.00 | -68893.00 -99998:00.| . -09508:00
0.00 | -86898.00 | 89998.00 4,00 | -9B8898.00 | -09998.00 | -99998.00 ] -88998.00 0.21] -9s998.00| -99998.00 | -05998.00| e0893.00| -09908.00| -09988.00| -89998.00} -88898.00 §F 00008.00 | 90998.00 ] ©999800| -65996.00 | 99908.00 | 08698.00 | -5989800| 99958.00
-89998.00 | -©9998.00 | -89998.00§ -89998.00 2400 | £9998.00] -69998.00 | -69998.00 | -©9998.00 | -09998.00 | ©9996.00| -90098.00 | -89998.00 goves00 | 0090800 £900800| 0909800 | -69998.00| 09998.00 | -69998.00| -69908.00 | -86996.00 9099800 | -69998.00 | -69838.00 -99998.00
£5908.00 | 89958.00 | -99998.00 | -89868.00 2200 ©009800| -69998.00| -69898.00 | -69998.00| -08895.00 | -699898.00 ! -99993.00 | -89868.00 99908.00F -99998.00] -09998.00 | ©8998.00| -09998.00 | -89998.00 | 69998.00| -698383.00| -59996.00 -90098.00 | 6909800 | -69898.00 | -89893.00:
000} -96998.00 ! -89998.00 | -89898.00 17.00 | 0999800 | -69998.00 | -09898.00 | ©9998.00 | -©5696.00 | -69998.00 | -59998.00 | -§9998.00 | -$9888.00 .69998.00 | 0998800 | -0909800| 0999800 6989800 | -89988.00 | -09998.00 § -00968.00 | -89995.00 $9998.00 | 09998.00 | -99988.00
0.00 | -69988.00 19.00 1.40 { -99998.00 |  -99838.00 | -£9998.00 | -99898.00 020] -09898.00| -£9998.00 | -99998.00 -69988.00 ] -99998.00 | -89698.00 | -89998.00 | -60998.00| -99998.00 ©0o08.00 | ©9998.00 | 0999800 -89988.00| -99993.00 | -£09998.00 | -99998.00 | -H8998.00:
000} -$8ssac0| 99998.00 | -99996.00 1700 | -6es08.00 | -69558.00| ©9998.00! -59898.00 | -69998.00 | -666898.00 | -99908.00 | -99908.00 09008.00 | 0590800 -09998.00 | 0859800 -©9988.00 | -86886.00 | -89998.00 | £9998.00 | £8898.00 | -69998.00 99998.00 | ©9988.00| -99898.00]
H9298.00 | -99998.00 | -99996.00 | -59998.00 1300 | -09998.00 [ -09998.00 | -©9998.00 | -09938.00 | -69998.00 | -95998.00 | £0998.00 | -99998.00 | -89998.00 2599800 | 09998.00 | ©9588.00 { -69998.00 | £5998.00 | -99998.00 { -89996.00 | 09998.00 | -68908.00 | -09998.00 -93698.00 | -96998.00]
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i Two FORTRAN 77 programs were developed to help in the interpretation of the water chemistry i

i compilation of Perfect et al. (1995). Source codes are included below. N

o

o The first program is entitled MINTMK and is designed to go line by line through the Perfect et al. (1995)

il database and read the reported values column by column and assign them to the appropriate value. These

i must be read in the order in which they are entered in Perfect et al. (1995). The major elements pH, Ca,
Mg, Na, K, HCO,, CO,», SO, CI, F, and SiO,(aq) are then written to create an input file

~ appropriately formatted for MINTEQAZ2, Version 3.11. In the MINTEQA?2 file, the intermediate output

_{I‘HEJ'T' = option is specified, the pH and temperature are fixed at the measured values, Eh is unspecified, and all

.mun

ﬂ‘lﬂllm
'l

-V‘ifT" [ SRR HERS——
et

Al
M1

Il
—!“H»;mw MINTEQA? input files or search for additional phrases in the MINTEQA2 output file.

_ﬁm ‘XMtestmg these programs, the dataset of Perfect et al. (1995) was edited according to the following

mineral precipitation is suppressed

" The second program, called MNTFIL is designed to read a MINTEQA?2 output file (Intermediate level) | x
line-by-line searching for key phrases. The first phrase "Part 1 of Output File" indicates the start of each

file, and then the words 'co2 (g)', 'calcite’, and 'cristobalite’ are searched for. Once these key words are !

found, the value for log P(CO,), and the saturation indices for calcite and cristobalite are written to a

comma-delimited ASCII file. If key words are not found, the letters n.d. (not determined) are entered =

in the ASCII file. The ArcID# as discussed above is used to tie these values to the ongmal dataset for
plotting in GIS format.

It should be noted that these programs can be relatively easily modified to write other variables to the

JWWW criteria:

4]"1_4;3 B I} Ca+ + is reported (positive values only)

mﬂ!}! 2) Either CO,> and/or HCO,- are reported (positive values only)

L 2) pH is reported (values between 1 and 14)

_l"l 3) The water analysis is charged balanced as described and reported by Perfect et al. (1995)
i :

ﬂfﬂ*ﬁ% This resulted in a dataset of about 1448 entries from the original 3733. The ArcID# assigned above
%mm.,_m maintains the relationship to the original Perfect et al. (1995) database.

i
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c
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‘uhlts of mg/L. Regardless of input concentration units, MINTEQA2

d”hydrochemtqgl

% p prep -

ente ticlear Waste Regulatory Analyses 1n San Antonio, TX
for the Radionuclide Transport KTI 20-5708-871. Many of the
necessary parameters/flags are hard-wired and cannot currently be
modified by the user during the run session. (05/31/96) .

CHARACTER Name*40,Siteid*15,Arcid*4, Balanc*2,DatSrc*10,Lab*8,
+ Aqufer*20, Lithol*20 SmpSrc*10 Commnt*60 F1l1n*12 Filout*12
INTEGER Lat,Long, Date Time
REAL Latdec,lLondec, UTMNor UTMEst,Temp,Alk,Hard,Cond,pH,Ca,Mg,
Na,K,Cl,S04, HC03 CO3 P04, NO3 F, 5102 As,Ba,Be, Boron Cd Cr,Co,Cu,

DOC DS, ISMaJ ISTrac ISTot, Alt Weldep,Watdep,watLev HGue CaGue,
MgGue NaGue KGue, ClGue SO4Gue CO3Gue PO4Gue,NO3Gue, FGue, StGue
Totcrb

+ 4+

Prompt the user for the names of the input file containing the
hydrochemical data, and the MINTEQAZ filename to be created.

PRINT*, 'Enter the name of the Comma-Delimited ASCII file
+ containing the water chemistry data?!

READ(*,11) Filin

FORMAT(A12)

PRINT*, 'Enter the name of MINTEQA2 file to be created (8.3)?'

READ(*,12) Filout

FORMAT(A12)

Open the water chemistry file and the MINTEQAZ input file

OPEN(Unit=8, File=Filin, Status='Old', Access='Sequential!',
+Form='Formatted', Action='Read!)

OPEN(UNnit=9, File=Filout, Status='Unknown', Access='Append',
+Form='Formatted', Position='Append')

456789012345678901234567890123456789012345678901234567890123456789012
Reading the data out of the ortgtnal water chemistry file. The prd%r
re e ab 4

base 2Ehe.

SttelD ArcID(CNwRA \ ad
UTMEst(CNwRA added),Date, Time, Temp,Alk,Hard,Cond,pH, Ca Mg Na,K,Cl,
S04,HCO3,C03, P04, N03 F, 5102 As Ba,Be,Boron, Cd Cr,Co,Cu,Fe, TotFe Pb
Mn, Mo Ni Ag,Sr V,Zn, Ll Se, Iodtne Br TotN Hg DtsOrg DOC TDS ISMaJ
ISTrac 18Tot, Balanc DatSrc Lab Aqufer Ltthol sSmpSrc, Commnt Alt,
Weldep,Watdep,Watlev

READ(8,*,end= 31)Name SitelD,ArclD,Lat,LatDec,UTMNor,Long,LonDec,
UTMEst Date,Time, Temp,Alk Hard, Cond pH,Ca Mg Na,K,CL, 504 HCO3,
co3, P04 NO3,F, 3102 As,Ba,Be, Boron cd cr, Co Cu, Fe TotFe Pb Mn,

ISTrac 1STot, Balanc DatSrc Lab Aqufer Lithol SmpSrc Commnt
Alt weldep,watdep,watlev

+ 4+ +

Write the selecteds data to the MINTEQA2 Output File

Write two Title Lines for MINTEQA2
WRITE(9,40)Name,SitelD,ArcID
FORMAT(A35,'; !, 'SiteID=" ,A15, 11 1ArcID="  A4)
WRITE(9, 42)UTMNor UTMEst,Date,Time
FORMAT('UTM=1F9.1. *North!, 1:1,1x,F8.1, 'East?,'; 1, 1x,
+ 'Date=!,16,';',1x,'Time=',14)

Temperat re oncentrat'on Untts
ur

t I y
i&. Concentration units are assumed to be in the reported

.

Fe, TotFe Pb Mn, Mo Ni,Ag, Sr v, Zn Li, Se Iodlne Br, TotN Hg DtsOrg,

y,Lat,LatDec,UTMNor(CNWRA added),Long, LonDec

55

o/
e

W

Mo, N1 Ag,Sr V,Zn, L1 Se lodtne Br, TotN Hg DtsOrg DOC TDS ISMaJ,




I ,
Iy 56 |  Program Miatmk }69\

%MI ¢ output, is in molal -T> |
En _— ' . , ' :
B e Midmk T3
T 1F(Temp.gt.0)THEN Dﬁmm m
4“ : o WRITE(9,43)Temp
! 43 FORMAT(F5.2,1X, 'MG/L  0.000 0.00000E-01')
i ELSE
1&1' WRITE(9:44) . WRITE(9,55)P04, PO4Gue
3~ 4h EN;??MAT( 25.00 MG/L  0.000 0.0000OE-01') 55 ENS?EMAT(' 580 1,E9.3,2X,F6.2, y!,20X, 1 /P04-21)

IF(NO3.gt.0)THEN
NO3Gue=DLOGT0( (NO3/62.00494)*1e-3)
WRITE(9,56)N03, NO3Gue

c
¢ Lines 4 & 9 of MINTEQA2 output contain flags that are hardwired.
¢ Because there are no sweep options, writing to a Lotus-file, or
! c Sorption Models, lines 5,6,7,8, & 10 of the MINTEQAZ files contain
: c
c

56 FORMAT(' 492 1,E9. - )
LN, no line entry. ENDIF ' 3'2X’F6'2' YIIZOXII/N03 1')
-4l VRITECS. 45) TF(F.gt.0)THEN
i , FGue=DLOG10( (F/18.998403)*1e-
il 45 FORMAT('0 0 10300011000 WRITE(9,57)F,Féue Ye-3)
’ WRITE(9,46) 57 FORMATC! 270 1,E9.3,2X,F6.2," y! )
6  FORMAT('0O 0 0" - ENDIF . 2X,F6.2," y', 20X, /F-1")

IF(Si02.gt.0)THEN
$102=8102*(60.0843/96.11486)
S16ue=DLOG10((S102/60.0843)*1e-3)
WRITE(9,58)Si02,SiGue

4

c

¢ For each major element, write the 3-digit MINTEQAZ ID number, the
¢ reported concentration (in mg/L), an initial activity guess
c
c
c

(log molal), a "y" flag for improved activity guess, and the text

jﬂm& identifier from the MINTEQA2 databases. 58 EN;?EMAT(I 770 ',E9.3,2X,F6.2," y',20X, ' /H4ST04")
", IF(pH.gt.0)THEN ¢
Eﬂh HGue=-1*pH ¢ Insert Blank Line
sl WRITE(9,47)HGue c
ity 47 FORMAT(' 330 0.000E-01 ',F6.2,' y',20X,'/H+1%) WRITE(9,59)
ENDIF 59 FORMAT(? )
I1F(Ca.gt.0)THEN c
CaGue=DLOG10((Ca/40.078)*1e-3) ¢ Fixed pH
WRITE(9,48)Ca,CaGue c
48 FORMAT(! 150 ',E9.3,2X,F6.2,"' y',20X,!/Cat2') i WRITE(9,60)
ENDIF 60 FORMAT(' 3 1)
I euoshLOCT0( (M /24.305)%e-3) 61 FoRuasci P
MgGue= g/24.305)*1e- : FORMAT(! 330 VF7.4 8 1 ' 1
e 407y Mamae ° (F7.4, 0.0000', 19X, /w1ty
49 FORMAT(! 460 ',E9.3,2X,F6.2,' y',20X,'/Mg+2") ¢ Insert.Blank Lines )
ENDIF : A c
IF(Na.gt.0)THEN WRITE(9,62)
NaGue=DLOG10((Na/22.98977)*1e-3) 62 FORMAT(! ',' 1)
WRITE(9,50)Na,NaGue WRITE(9,63)
50 FORMAT( "' 500 ',E9.3,2X,F6.2,' y',20X,'/Na+1') 63 FORMAT(' ', 1)
_ENDIF GOTO 30

31 CONTINUE

IF(K.gt.0)THEN Y ,
C 456789012345678901234567890123456789012345678901234567890123456789012

KGue=DLOG10((K/39.0983)*1e-3)

WRITE(9,51)K,KGue STOP
51 FORMAT(* 410 ,E9.3,2X,F6.2,' y',20X,'/K+1") END
ENDIF

[ o
| 3

IF(Cl.gt.0)THEN
CLGue=DLOG10((CL/35.4527)*1e-3)

WRITE(9,52)Cl,ClGue v
52 FORMAT(' 180 ',E9.3,2X,F6.2,' y',20X,'/CL-1")
ENDIF

IF(SO4.gt.0)THEN
S04Gue=DLOG10( (S04/96.0636)*1e-3)
WRITE(9,53)S04,504Gue
53 FORMAT (' 732 ',E9.3,2X,F6.2,' y',20X,'/S04-2")

Prongam MINTME _alioiamedy 15 nunal

ENDIF
IF(HCO3.gt.0.and.C03.le.0)THEN

Pmd@g ool (1989)

w

C03Gue=DLOG10((HC03/61.01714)*1e-3)
TotCrb=HC03*(61.01714/60.0092)

WRITE(9,54)TotCrb,C03Gue

Cbﬂuer¥1iCQ3 ENDIF .

te O Uy IF(HCO3.gt.0.and.CO3.gt.0) THEN
3 Liich C03Gue=DLOG10( ( (HCO3/61.01714)+(C03/60.0092))*1e-3)
i the bnge TotCrb=C03+(HCO3*(61.01714/60.0092))
WRITE(9,54)TotCrb, CO3Gue

tomponat used ENDIF ,

M) IF(HCO3. Le.0.and.CO3.gt . 0)THEN ““-~\\\\\\\
n MINTEQAQ CO3Gue=DLOG10((C03/60.0092)*1e-3)

L WRITE(9,54)C03,C036ue ‘~\\\\\\\
54 FORMATC! 140 ',E9.3,2X,F6.2,' y',20X,'/C03-2') .
ENDIF S~

1F(PO4.gt.0)THEN

P04Gue=DLOG10( (P04/94.971362)*1e-3)




Gl2py
Rt 59

] ]

[ TTTT]

N

" C 0 - 1 N E S E
. €0-1-1".299998, 1,350347, 35. 06306, 3879865, 1164521, -116.756,522264, 780621,
-99998,-99998,0.07, -99998, -99998,0.03, -99998, -99998,, -99998, 0. 6, -99998, -99998, 0. 03,

COYOTEDRY LAKE, CA",-99998,235,-99998, -99998

h C 0 - 1 N E S E N
€o-1-2°,-99998,2,350347,35.06306, 3879865,1164521 , - 116.756,522264, 780621 , -99998,
99998, -99998,0.02, -99998, -99998,0. 6, -99998, -99998, -99998,2.3, -99998, -99998,0.1,
COYOTE cx<mr>nm . n>..u -99998, 455, -99998, .Hwowomz s
" - E N E
SD-1-1",-99998,3,351036,35.17667, 3892843, 1160330, - 116.058,585746.8, 780708, -99998,
.-99998,-99998,0.06,-99998, -99998, 0.49, -99998, -99998,-99998, 11, -99998, -99998
SODA DRY LAKE, CA",-99998.75,-99998, -99998

| 065> iaster ¢l

~E
25.5,892
,0.35,-99998,0.36,-99998,0.14, -

é

CO-1 NESENE SEC10 T1IN,R2E CO-1-1 :SiteID=-99998
UTM=3879865. ONorth: 522264.0Fast; Date=780621: Time=tt++
24.30 MG/L; 0.000 0.00000E-01
mowcwoocuuooo

:ArcID=1

330 0.000E-01 -8.40 y JH+1
150 0.150E+02 - -3.43 y /Ca+2
: 460 0.380E+01 -3.81 y /Mg+2
500 0.160E+04 -1.16y /Na+l
410 '0.470E+01  -3.92 7K+
180 0.190E+04 -1.27 y /C1-1
\ 732 0.630E+03 -2.26 y /504-2
O 140 0.3976+03 -2.19 y /C03-2
. u& 580 0.900E-01 -6.02 y /P04-2
270 0.140E+02 -3.13 y /F-1
770 0.269E+02 -3.35 y /HAS104

o’

.\wwz CO-1 NESENE SEC10 T1IN,R2E CO-1-2 ;SiteID=-99998 :

ArcID=2

UTM=3879865. 0North: 522264.0East; Date=780621; Time=tt++
§25260gMG/L  0.000 0.0D0COE-01
0°0T0300011000
0 0 o0

330 -7.90 y /141

150 -2.60 y /Ca+2

460 -3.11y IMg+2

500 -1.19 y /Na+1

410 372y /K+1

180 -1.29 y /C1-1

732 -2.08'y /504-2

140 -2.52y /€03-2

270 -3.43 y /F-1

770 \0.181E+02 ) -3.52 y ] /H4S104

s 4 eonpentatens in nofl(meosy
330 7.9000 0.0000 /H1
~ mgpoured vI

SD-1 NENE SEC 31 T13N, R9E SD-1-1 ;SitelD=-99998 ;ArcID=3

UTM=38

e 3.0North: 585746.8East; Date~780708; Time=*++*

0.000 0.00000E-01

1 conglaat pH=%(,

E S E
25.6,150,330,7207,7.9,10

E S E C
-99998,24.3,320,54,7165,8.4,15,3.8, 1600,

C

3

99998, -99998

_s;le

]

1

1

1

0 T

4.7,1900,530, 390, -99998,
-99998,0.38, -99998,0.05, -99998, - 99998, -99998, 4140,

0 T

T

SQM -dél miit

1

1

3

1 N .

N , R

adn |

m,v\

1 w&

0~0"F 03P 00110700
000 unts 1n ma/l.
20 0t oY ik +
. + -2.43 y /Ca+2 'y = o
460 0.9206+02 -2.42y Mg+2 repe ed T A5.5°C.
500 0.230E+04 -1.00 ¥ INa+1
410 0.290E+02 -3.13 ¥ 7K+
180 D0.400E+04 -0.95 ¥ /€1-1
732 0.3106+02 -3.49 y /504-2
150 0.111E+03 -2.75 Y /€032
270 0.470E+01 -3.61 Y Fa
770 0.1636+402 -3.57 y /HAS104
31 .
a0 7.6000  0.0000 o)

7

3_;+R~$U tnput bles ot
B 84000 0.0000 e 3M\r
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98.9 ~ PERCENT BOUND IN SPECIES #3300020° oh- cw
, “wzhmmm_nM%n:n%uwnumM__wnwmmnnmwfo: represents total inorganic carbon. Hel R N
E Pt automatically terminate if charge imbalance exceeds 30% ¢ 96.4  PERCENT BOUND IN SPECIES 3301400 heod - X .
in n:Mw“.u._“uﬂ*w*ﬂ wqwnmnﬂ_v« for those solids soecified as ALLOWED 1.3 PERCENT BOUND IN SPECIES #3301401  heced aq
. 2.3 PERCENT BOUND IN SPECIES #5001401 nahcod ag . :

The maximum nusber of iterations is: 200
The method used to nE_J:nm activity coefficients is: Davies equation
Intermediate output £

PART 5_of OUTPOT FILE

330 0.000E-01  -B.40 ¥
10 13 387 —PrRINTEGY V3 T0TATE OF CALCULATIONS: 7-JUN-S!
2L by deh '
180 180003 127 Y Matthes input ae05501
; mghpod ag
K4 $:300en02 328y : P 4607320 mgsod ag 1.7076-05 1.737E- 4076023 1.01769 260 EAUL IBRATED MASS DISTRIBUTION
uo IR ERy i Llas R% 5001400 naced - V83.05 5o5ROE.0S 4.zl 0.79244 “358
S £ Mot mwaa  Lawbol Lt RN LG G R DISSOLYED sopseD RECIPTTATED
: L naf ag - - 5. 0. v 0 PRECIP
M 260600 3.5y T rw_\w .ﬂgwﬁg) 35+3D< 5005800 nahpad - 2.3105-08 3.4166-08  -7.46652 0.79244 12737 MIL/KG ~ PERCENT  MOLJKG  PERCENT  MOL/G  PERCENT
2D has been tnserted gy CORPONERT - 770 HASA0A 2.81E-04 1000 0.000E-01 0.0 0.000E-0L 0.0
330 50000 160 Cas2 5%i%-0¢ 1000 0.000E0l 0.0 0C00OE-0L 0.0
SEELEE 2 BE B
a+] 3 - . . - . . - .
T azc,m o DLW S RO Y mE LB Wi ale oo o
Do AT eSS e M hote-or 30 e -6.449E-03 2091 8.400 0.0 732 $04-2 a3aE0e 1000 OO0DE-0] 00 0lO0gEmL 0.0
150 Cas2 37156-04 380 150601 140 €032 BBAGE.03 100.0 O0.000:-01 © 0.0 DOOOE-01 0.0
@0 Fge? 1543E 04 3810 3.3006+00 - 580 F04-3 S-EI5E07 o0.0 0.000E-01 0.0 0.00E-0L 0.0
506 Natl 6.2186.02 %80 16006403 ) ) 270 £l 9-%59E.04 1000 O.C00E-0L 0.0 0.000E.01 00
30 Kl 17202608 3930 4700400 Type VI - EXCLUDED SPECIES (ot included 2 HO I07E.06 100.0 O0.0UOE-01 0.0 0.0005-01 0.0
180 c-1 &73706-02 359 1900603 ; 20 Kel 300603 10000 0J00E-0l 0 0.000E-DY 0.0
: 5 : i CALC HOL.
1 3 R 501403, o2 @) LIMED
o pord gaen  em g ” rarge Balance: SPECIATED
| Hsies 47467E-08 T30 20690601 S———A Sum of CATIONS = 7.005E-02 Sum of ANIONS  7.336£-02
NE 1.000EC0 3000 8000561 S SINTERZ 310 TRTE TF CALCULATIONS:  7-JU8-36 DERCENT DIFFERENCE -  9.081E-01 TANIONS - CATIONS)/ (ANIGNS + CATIONS)

EQUILIBRIUM TONIC STRENGTH (m) = 7.616E-02

Charge Balance: UNSPECIATED
- PERCENTAGE DISTRIBUTION OF COMPONENTS AMONG EQUILIBRIUM pH - B.400
Sum of CATIONS= 7. 110E-02 Sum of ANIONS = 7.895E-02 TYPE T and TYPE 11 (dissolved and adsorbed) species QUILIBRIM o i
: DATE ID NUMBER: 960607
PERCENT DIFFERENCE = 5.235E400 (ANIONS - CATIONS)/(ANIONS + CATIONS) s DATE In MBER: S
Al
96.5  PERCENT BOUND IN SPECIES # 770  H4Si04 .
35 PERCENT BOUND IN SPECIES #3307700  hisiod - PRRT 6_of DUTPGT FICE :
P WINTEQAZ V30 DATE OF CALCULATIONS:  7-JUN-9
Ca*2
82.8 PERCENT BOUND IN SPECIES # 150 Ca+2 Saturation indices and stoichiometry of all minerals
2.1 PERCENT BOUND IN SPECIES #1501400 cahcod + 0F N sat. Index Stoichionstry 10 (brackets]
8015005 skerminite  -16.430 -1:000] £ 000} 230 [ 2.0003 778
2.6  PERCENT BOUND IN SPECIES #1501401 cacol 2q *000 155§ T00 as
: 6015000 anhydrite -2.001 1000} 150 b 1oy 72
TART 3 ot O0TPUT FILE 12.4 PERCENT BOUND IN SPECIES #1507320  casod aq 5015000 aragonite §.175 .000] 150 [ ZQWH 140 Lo w©
—PCFINTEGRZ V3,10 UATE OF CALCWCATIONS: 7-CUN-96 5045000 artinite -5.672 -2.0001 330 [ 2.000} 460 [ 1.0001 1
¥ge2 2046000 brucite -4.326 10007 460 [ 2.000] _2 [ -2.000] 330
3.4  PERCENT BOUND IN SPECIES # ~ 460 Mg+2 8015007 cadsios -38.943 €000 33 ¢ 1.000] 770 { 3.000 150
PARAMETERS OF THE COMPONENT MOST OUT OF BALAKCE: 1.7 PERCENT BOUND IN SPECIES #4601400 ngcod ag oo et % it L8 {1
2077000 chalcedony=+ ~-0.026 ~ [ -2. i
J.mw F-1 e ch\o,_mmac_m ﬂcwmﬂm&u _.H.xw »m_ﬁ“ﬁ pzmwmc”_w 2.4 PERCENT BOUND IN SPECIES #4601401  mghco3 + 8646000 2%2:« -1.859 - .mmw uuw L 3'000] 460 [ 2.0001 770 N _ T M _Z.jn:.
m : w.uumm”ww xwmwmw Hw.mmm w.wmm.ﬁ 1.6 PERCENT BOUND IN SPECIES #4602700 mgf + 8246000 clinoenstite - -2.418 -1.000] 2 [ 1.0003 460 [ 1.000] 770 V\
3B 70204 2908606 -3es  ZTUSEDe 10.9  PERCENT BOUND IX SPECIES #4607320  ngsod aq 2077001 ristobalite:” 420 B0 oy 0
i F1 7.4096-04 -3.504E-07  -3.23676  2.764€-0 277001 cristobal & ki f 1 B 1.000] 460
PR ek Lo AT Cotrese e . Na+1 5015002 dolomite 0.308 “ooo] 180 [ 1.0001 460 [ 2.0001 140
LIl80e  C30lo9e  0.334330 -51692E-09 8.7  PERCENT BOUND IN SPECIES # 500 Nal 6046000 epsomite -4.870 0007 460 C 1.000) 732 [ 7.000]
3310604 a2eea  0/30ex9 -2141%€-09 7015002 feodapatite  13.025 14961 150 [ 0.360] 500 [ 0.144] &
§.503E.02  -1.26108  0.799a42 -3.237E-07 o1 4215000 1 o 8001 680 [ 12001 140 [ 2.4801 270 R
1192604  -4.02488  0.792442 -5.602E-10 worite 0.573 ! { 2.000}
£I3B3E-02  -1.06998  0.792442 -2.503E-07 98.7  PERCENT BOUND IN SPECIES # 410 K+l 8046000 forsterite -6.915 470003 330 [ 2.000] 460 [ 1.000] 770
2032%E.03  .2.72090 0394339 -9.209E-08 6015001 gypsum -1.785 ‘0003 150 [ 1.000] 732 [ 2:0003 2
B2 e azax 03043 JLIE-G - 1.3 PERCENT BOUND IN SPECIES #4307320  ksod - 4150000 halite 422 ‘000] 500 [ 1.000] 180
‘G490 10,4408  0.123227 -11S63E-11 5015003 huntite -3.821 ‘0003 460 [ 1.000] 150 [ 4.000] 140
-J15E.00  -3.23636 0792442 -31AL0E-09 : 7015003 hydrapatite  1.722 0003 150 [ 3.0001 580 [ 10007 2
doeee  home LoD O ot 1000  PERCENT BOUND I SPECIES # 180 C1-1 5046001 by it -12.938 350 8 { 4.0003 140 [ -2.000] 330
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A 118 PERCENT BOUND IN SPECIES #5007320  nasod - 5046002 magriesite 0,512 -S00] 460 © 1.000] 240
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4 9aE-05. .08 B0 ERe 53.5  PERCENT BOUND IN SPECIES 43301400  hcod - 3050000 atron saz b VO S0 [ 10001140 [10.000] 2
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> GAMMA - 6004 4 -4.431 2.000 .
sk s cuc L ACTITL W8T oreea NEw Look | Bg.5  PERCENT BOUND M SPECIES #3305800  hpod -2 8646004 sepiol tte(a) 1
7702700 sif6 -2 - 1.091E-26 4.302€.27 .26.36635 0.39438  30.612 28 PERCENT BOUND IN SPECIES 43305801 A 8646003 sepiolite(c) -1.611 2.000] 460 [ 3.000] 770
‘ 3300020 oh- . 3 0i36-06. 2.388E-06  -5.62204 0.79244 -13.920 - : 290 2077003 sioz(a.gl)  -0.531 1.000] 770
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¢ modified by the user during the run session.
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“San Anton

¢ This program was prepared by D.R. Turner for the CNWRA

¢ TX for the Radionuclide Transport KTI (20

¢ necessary parameters/flags are hard
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*80,Name*35,ArcID*10,Filin*12,Filout*12,C02%6,

¢ Prompt the user for the names of the MINTEQA2 out

¢ and the Filename to be created.
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Type 111 - SPECIES WITH FIXED ACTIVITY

0 NAME CALC MOL LOG MOL  NEW LOGK o4
2 H20 -6.729€-07 -6.172 0.002 0.00¢
330 Hel -1.912€-03 -2.719 7.600 0.000
Type VI - EXCLUDED SPECIES (mot tncluded in mole balance)
0} _NAME, CALC. MOL. 0G.MOLY . NEW LOGK - -DH - oo
3301403 o o2 194808 7 2,889 1818977 20,5307
PART 4 of QUTFUT FILE
FU WINTEGAZ v3-10  DATE OF CALCULATIONS: ~ 7-JUN-96'
PERCENTAGE DISTRIBUTION OF COMPONENTS AMONG
TYPE T and TYPE il (disscived and adsorbed) species
H4S104
99.4 PERCENT BOUND IN SPECIES # 770 HASi04
“cavz
9.7 PERCENT BOUND IN SPECIES # =~ 150 Ca+2
g2
98.3 PERCENT BOUND IN SPECIES # 460 Mg+2
Na+l
99.9 PERCENT BOUND IN SPECIES # 500 Na+l
t
K+1
99.9 PERCENT BOUNDB IN SPECIES # #10 - K+l
cl-1
100.0 PERCENT BOUND IN SPECIES # 180 Ci-1
S04-2
75.1 PERCENT BOUND IN SPECIES # 732 s04-2
12.8 PERCENT BOUND IN SPECIES #5007320 naso4 -
6.3 PERCENT BOUND IN SPECIES #1507320 casod aq
5.6 PERCENT BOUND IN SPECIES #4607320 mgsod ag
€03-2
1.2 PERCENT BOUND IN SPECIES #1501400 cahcod +
89.8 PERCENT BOUND IN SPECIES #3301400 hcod, -
3.8 PERCENT BOUND IN SPECIES #3301401 h2co3 aq
1.3 PERCENT BOUND IN SPECIES #4601401 mghcod +
2.9 PERCENT BOUND IN SPECIES #5001401 nahcod aq
B
90.5 PERCENT BOUND IN SPECIES # 270 F-1
1.0 PERCENT BOUND IN SPECIES #1502700 caf +
1.7 PERCENT BOUND IN SPECIES #4602700 mgf + '
H2g
807 PERCENT 8OUND IN SPECIES #3300020 oh-
2.6 PERCENT BOUND IN SPECIES #1503300 cach +
16.8 PERCENT BOUND IN SPECIES #4603300 wmgoh +
Hel
1.2 PERCENT BOUND IN SPECIES #1501400 cancod +
87.5 PERCENT BOUND IN SPECIES #3301400 thco3 -
7.3 PERCENT BOUND IN SPECIES #3301401 h2cod aq
1.3 PERCENT BOUND IN SPECIES #4601401 mghcod +
- 2.8 PERCENT BOUND IN SPECIES #5001401 nahced aq
PART 5 of UUIPOY FILE
TPCPIRTEUAZ ¥3.10 DATE OF CALCULATIONS: 7-JUN-96
........... EQUILTBRATED MASS DISTREBUTION «-=--ev---+
ox NAME. DISSOLVED ‘SORBED PRECIPITATED
MOL/KG PERCENT  MOL/KG PERCENT  MOL/KG  PERCENT
770" 145104 1.707€-04  100.0 0.000E-D1 0.0 0.000E-01 0.0
150 Ca2 3.76BE-03  100.0  0.000E-01 0.0 D.000E-01 0.0
460 Mg+2 3.810£203 100.0  0.000E-01 0.0 0.000E-01 0.0
500 Na+l 1.007E-01 100.0 0.000E-01 0.0 0.000E-01 0.0

. 729t 1
.912E-03 : 100.

Charge Balance: SPECIATED

Sum of CATIONS = 1.164E-01 Sum of ANIONS
PERCENT DIFFERENCE =  1.389E-01 (ANIONS
EQUILIBRIUM IONIC STRENGTH (m) »

EQUILIBRIUM pH -
DATE ID NUMBER: 960607
TIME ID NUMBER: 8272288

1.160E-01
- CATIONS)/{ANIONS + CATIONS)

. 8645000 chrysotile

2077001 cristobalite,. @w
| RR15000 dropeide gt

8215001 tremalite -0.372

FARY & of QUIPOT FILE
CALCULATIONS:

Sat. Index
-17.993

10 # NAME
8015005 akerminite

6015000 anhydrite
5015000 aragonite
5046000 artinite

2046000 brucite
8015007 cadsiodS

5015001 calcite’
2077000:chalcedony =

8246000 clinoenstite  -2.768

5015002 dolomite 0.029
6046000 epsomite 4.857
4215000 fluorite 0.512
8046000 forsterite 7.393
6015001 gypsum 2.141
4150000 halite 3.761
5015003 huntite -4.076
5046001 hydrmagnesit -12.950
8015002 Jarnite -18.231
2015000 1ime -20.443
8450000 magadiite +5.507
5046002 magnesite -0.481

8015004 merwinite -26.730

6050001 mirabilite -5.240
8015003 monticellite -9.369

3050000 natron -6.575

7-JUN-96

Stoichiometry in [brackets]
-5.000} 330 [

2048001 periclase. <9168
2015008 portlandite -10.342
2077002 quartz 0:248

0# NAME Sat, Index
mgmnanmmumn:nm?v.mbmc

8646003 sepiolite{c) -2.549
2077003 sio2(a.gl) -0.742
2077004 sig2(a,pt) -1.050
8646002 talc -1.132
6050002 thenardite -6.135
550001 thermonatr -7.973

8215002 wollastonite -4.430

M e e e e e C e e e,

2.0003 770

1.0003 460

1.000] 140
2.000] 460 [ 1.000] 140

2.000] 2 [ -2.000] 330
1.000] 770 [ 3.0003 150
1.000] 140 .
1.800] 770

3.000] 460 [ 2.000) 770

1.000] 460 [ 1.000) 770

1.000] 770

1.000] 180 [ 1.500] 4860
4.000] 330

1.000] 460 { 2.000] 140
1.000] 732 { 7.0000 2
2.000] 270

2.000] 460 [ 1.000] 770
1.0003 732 [ 2.000] 2
1.000] 180

1.000) 150 [ 4.000] 140
4.000] 140 € -2.000] 330
1.000] 770 [ 2.0003 150
1.000] 150 [ 1.000] 2
-9.000] 2 [ 1.0002 500

1.0003 140
2.000] 770 [ 1.000] 480

1.0003 732 [ 10.000) 2

8215003 p-wollstanit -5.278

1.000] 770 { 1.000] 150
1.000] 140 f 10.000] 2
900] 140 [ 3.000) 2
] 7720 [ 2.000) 150
00] 460 [ 1.000] 2
0003 150 [ 2.000] 2
1.000) 770
s
'y in [brackets]
2.000] 460 [ 3.000] 770
2.000) 460 [ 3.000} 770
1.000] 770
1.000] 770
3.000] 460 [ 4.000) 770

1.000) 732
1.000] 140 [ 1.000] 2
2.000F 150. { 5.000) 460

-14.000} 330

-2.000] 330 [ 1.000] 770

{ -2.0001 330 [ 1.060] 770

ot h-/.,w;” be overetfen 14
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p, write Name,CO02,CcSI,CrsbSI

]

all

1nrta

.

et
S¢¥u0u57o

ine

i

52).eq.'PART 1 of OUTPUT FILE'.and.Flag.gt.0)THEN

WRITE(9,60)Name,ArcID,C02,CcSI,CrsbSI

'S
3L

1,3

12X

1SI1(Cc)?,1x, SI(Crsb)')
52).eq.'PART 1 of OUTPUT FILE')THEN

2

.

FORMAT('1* A35,tmr v 1 A10,',' A7,V A7, , " A7)

ENDIF
read(8,45,end=31)Line

IF(Line(32

'n.d.!
do 50 I

FORMAT (A80)

FORMAT( vt 1
READ(8,40, end
IF(Line(32
CcSI='n.d.!
CrsbSI='n.d

WRITE(9,20)
+ 3x,

Flag=0
€02

3%}

Set Flag and Start Reading MINTEQAZ2 output file
* ¢ Skip Lines to find Title

Set Initial Values for C02,CcSI,CrsbsI

Write headers
¢ After first pass through the read loo

¢ to output file

c
c

c

c

c

20
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c
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¢ Look for start of speciation file
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'Pme)mm “MMHEH Ty Qo

45  FORMAT (A80)

50 continue

c

¢ Read Title and assign variables 'Name'& 'ArcID'

c .
READ(8,55,end=31)Line

55 FORMAT (A80)
Name=Line(1:35)
ArcID=Line(60:69)
Flag=1

c

¢ Read:PCO2:@nd.:a5sigh

c 1Ak s
ELSEIF(Line(10:16).eq.'co2 (g)')THEN \YA\'N/

C02=Line(40:45)

ELSEIF(Line(11:17).eq.'calcite! )THEN

CcSI=Line(25:31)

ELSEIF(Line(11:22).eq.'cristobalite’)THEN

CrsbSI=Line(25:31)
ENDIF

GOTO 30
31 CONTINUE

o

WRITE(9,65)Name,ArcID,C02,CcS1,Crsbsl

65 FORMAT('"! A35, 'wy 1 1 A10,',!',A7,%,',A7,'," A7)
C 456789012345678901234567890123456789012345678901234567890123456789012

STOP
END

l
\
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Log Colcite Crmtobalily,
) fi

N Site Name SKCrsh)

°C0-1 NESENE SECI0 T1IN.REE CO-1-1 00397

*C0-1 NESENE SEC10 TIINRZE C0-1-2 170377 0.316.4-0,140

=50.1_NENE SEC 31 TION, 'R9E SD-1-1 - lgsol 01043, 0,175

*CU-2 SHAWSH SEC 22 T30S, RAZE = Arc T -2.8i6, .13, 0.223 p

=CU-1 SWSESH SEC 10 T30S.R42E CU1-2 ~. L .z.787. 0176 0.276 ?(' WALLS! Mt l' OLA’PM‘"

“ClU-} SWSESW SEC 10 T305.R42E CU1-1 <. L Zlesd 0212 0.207

N ikoas ALY RELL G S/agm. - e kg r

*IVANPAH VALLEY WELL 15.5/15-2001. - » -3'069. 0.0200m.d. .l. d) (_\ -

~IVANPAH VALLEY WELL 16716-3aL1, = * © 3087, 02210 E’d‘(‘ﬂé e SI rom MNTEAAY Du ui

S RaPA VALLEY VELL 16/16-2301 R e I \0\‘ . {\_ \(\

SR VALEY L de1e S e iles, speciation of- water cheenstry Yoom

JuANRRH VALLEY VELL 17/14-3641. 1370 nd o Tecfeet et al. (MQSD
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7.5 Ipinute quadrangles (1:24,000 scale) about Yucca Mountain Nevada, at 30 meter resolution
" (subdirectory/workspace "ymlocal™).

.FAULTS subdirectory/workspace contains CNWRA digital tracings of faults published on the maps of

i i i 4 i Lo L

i

Additional coverages and data sources that are currently being used in ArcView include:

- YMP Boundaries:  (e.g.,NTS boundaries, ESF outline, Controlled Access Boundary) - USDOE.

- State/County: Nevada Bureau of Mines
- Geologic coverage:

Survey.

: Geolo "&(3@9}93)‘3(5 '

Additional coverages that are to b& converted from Arc/Info to ArcView format

include 10x20 (1:250,000) sheets from the Geologic Atlas of California a
described in: '

D'Agnese, F.A., C.C. Faunt, and A K. Turner. 1995. Preliminary Digital

Geo.logic_ Maps of the Mariposa, Kingman, Trona, and Death Valley Sheets,
Cdlifornia. Open File Report 94-318, U.S. Geological Survey. Denver, DO.

- Landsat Imagery:. TM bands, purchased from EOSAT by CNWRA.

- Hypsography: Topography from USGS Digital Elevation Models.

These coverages were initially prepared for use in Arc/Info, Version 6.1, and have been converted to

ArcView, Version 2.0b coverages at CNWRA using ghe SHAPE command in Arc/Info
| cNIRA (R %220

Additional Background information on available Arc/Info coverages includes:
FAY

Much qf the available geospatial data is focused on the nine 7.5 minute quadrangle area about Yucca
Mountain Nevada. Both raster and vector datasets are included. Geospatial data is organized in a

hierarchical file system, with abbreviated names (for a discussion of file nomenclature and file naming
constraints, see file "aafile.std" on this CDROM). '

A complete, recursive listing of the file tree on this CDROM is beyond the scope of this document. An
abbreviated file list is-included here to illustrate the major divisions and types of data included in this
distribution. This file tree list has been extensively pruned to aid illustration and discussion. Root level
categories are: DEMS, FAULTS, HYDRO, HYPSO, ROADS, and SLAR.

DEMS- subdirectory/workspace contains Digital Terrain Elevation Data and shaded reliefs for two
resqluuo'ns of raster data: (a) Goldfield and Death Valley 1x2 degree (1:250,000 scale) domains of
California and Nevada, at 3 arc seconds resolution (subdirectory/workspace "dvgf3sec"), and (b) nine

-Dohrenwend and many others (1991 thorough 1993), Frizzel et al. (1990), Jennings (1992), Nakata et
1al. (1982), and O'Neill et al. (1992). These fault maps were digitized from paper map copies using
' ARC/Info. ~ The resolution of these fault traces vary, depending upon the scale of the original maps.
Thus, not all maps are applicable at all scales. The original maps should be consulted to obtain an

Frizzell, V.A., Jr., and J. Shulters. 1990. Geologic Map of the Nevada Test
Site, Southern Nevada. Map 1-2046. Miscellaneous Investigations, U.S. Geol.

65

N A—

indication of the degree of resolution that can be demanded from each of these maps. Simple (x,y) raw

line data is available in the RAWLIN subdirectory/workspace for use by applications software other than ——
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ARC/Info (basically output from the ARC/Info UNGENERATE command output).

HYDRO subdirectory/workspace contains hydrographic vectors (streams) for nine 7.5 minute quadrangles
(1:24,000 scale) about Yucca Mountain Nevada. These data were purchased from the USGS in DLG
(digital line graph) format, and converted into formats suitable for use in ARC/Info. Simple (x,y) raw
line data is available in the RAWLIN subdirectory/workspace for use by applications software other than
ARC/Info (UNGENERATE output). ‘

5N by

g quadrangles (1:24,000 scale) about Yucca Mountain Nevada. These data were purchased from the USGS

"fﬁé}w HYPSO subdirectory/workspace contains hypsographic vectors (topographic contours) for nine 7.5 minute

in DLG format, and converted into formats suitable for use in ARC/Info. Simple (x,y) raw line data is
available in the RAWLIN subdirectory/workspace for use by applications software other than ARC/Info
(UNGENERATE output).

ROADS subdirectory/workspace contains Road and Trail vectors for nine 7.5 minute quadrangles
(1:24,000 scale) about Yucca Mountain Nevada. These data were purchased from the USGS in DLG
format, and converted into formats suitable for use in ARC/Info. Simple (x,y) raw line data is available
in the RAWLIN subdirectory/workspace for use by applications software other than ARC/Info
(UNGENERATE output). :

SLAR subdirectory/workspace contains Synthetic Aperture Radar/Side Looking Airborne Radar
(SAR/SLAR) imagery for the middle third of both Goldfield and Death Valley 1x2 degree quadrangles
(1:250,000 scale).. These data were purchased from the USGS, formatted as 8-bit unsigned binary files.
The file format was similar to Planetary Data Systems (PDS) format used by Jet Propulsion Laboratory.
See appendix 2.0 for more detail. The ground pixel resolution of this data is 12 meters. Each pixel is

1l an indication of X-Band (8.0'to 12.0 gigahertz) radar backscatter, and was received renormalized into
i hP-W* the 0-255 integer range. Original files have been modified slightly so that ARC/Info users can display
this SLAR data in a first order map registered space using the MAPWARP and IMAGE commands of
ARCPLOT. Non-ARC/Info users must be able to read unsigned, 8-bit integer binary files (referred to
as Band Interleaved by Line (BIL) files in some remote sensing image processing software). Map
registration of SLAR imagery varies from very good near the Yucca Mountain site (few tens of meters)
to poor at the north-south extremes of the SLAR scans (few hundreds of meters). SLAR imagery was
acquired by the USGS contractor in some unknown scanner space, and reprojection into a true map space
is probably impossible (scanner distortions are unknown). On this CDROM, SLAR imagery has been
registered to UTM map space using a first order linear transformation, most accurate around Yucca
Mountain Nevada.

last updated, 02-feb-95. R.Martin. VNJ\‘\
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Date Generated:
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Operating System:
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number)

Windows

Application Uséd:
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5-3 Y2 disks"

File Types:
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(computer runs,

Media contains: H,O chemistry raw data; limited thermodynamic data
evaluation; ionic strength calculations.

etc.)






