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; ?Centerfor Nuclear Waste e I
Regulatory Analyses

6220 CULEBRA ROAD « P.O. DRAWER 28510 « SAN ANTONIO, TEXAS, U.S.A. 78228-0510
(210) 522-5160 o FAX (210) 522-5184

January 12, 1993

Melanie Barnes
Department of Geoscience
Texas Tech University
Lubbock, TX 79409-1053

Dear Melanie,

I hope you had a good holiday season and are back in the thick of the academic session. I
have already sent a total of 40 rock samples for chemical analysis by ICP for the major
elements (Si, Ti, Al, Fe, Mn, Mg, Ca, Na, K, P), and for trace elements (Sr, Zn, Y, Nb,
Ba, Sc, Cr, Ni, Cu, Zr; Rb by flame atomic emission), and for FeO by titration. Four of
the samples require powdering. Please also determine LOI if enough material is present to
complete the analysis. I have enclosed two tables which indicate which analyses are to
_ completed for each sample. Please return remaining sample powders to me. The samples

' will be paid by two separate requisitions (# 850679, I don't have the second requisition
number for the second batch of 15 samples) through our purchasing department. I would
like to have these analyses accomplished by mid-February (12th). Please send me the
results at your earliest convenience.

I have also included two tables which outline your performance on the water samples you
analyzed for me back in May of 1992. For the most part they are okay, accept for the Na
analyses which appear to be systematically too low by a factor of 20. It might be advisable
to measure Na in water samples by AAS, where the sensitivity and reproducibility is much
improved. Anyway, thanks for all your help in these analyses. I hope that somehow we
can get together to discuss the ongoing work on both the natural analog work in Mexico
and Santorini Greece. If you are interested, we could present our work to your department
as a seminar. Best of luck in the New Year!

Sincerely,

Botofaelse

Bret W. Leslie, Ph.D.
Research Scientist




' Na_analyses with concentrations in ppm.

Sample Identification CNWRA and SwRI TEXAS TECH
31992-2 16.1 & 14.6 0.8
31992-4 236 12
31992-6 19.8 1.0
31992-10 19.2 1.0
31992-11 0.89 0.0
31992-12 90.7 & 84.2 5.3

Note that 31992-6 and 31992-10 are duplicates and that water sampled from the same
location one year previous is sample 31992-2. Sample 31992-11 is QC sample whose true
Na concentration is 0.89 ppm.



Major and trace element analyses (ppm) versus QC samples

(ICP-19 and ICP-7).

Element | ICP-19 | 31992-7 | 31992-9 | 1CP-7 | 31992-11
Si 5.0 2.7 0.53 1.3
Ti 1.00 0.9 0.9
Al 0.1 0.0 1.00 1.0
Fe 1.00 1.0 1.0
Mn 1.00 1.1 1.0
Mg 1.00 0.9 1.0
Ca 1.00 1.0 1.0
Na 0 0.0 0.89 0.0
K 0 0.0 10.0 9.4
P 0 0.0
Sc 0.0 0.0
\4 1.00 1.4 1.4
Cr 1.00 1.2 1.2
Ni 1.00 0.7 0.7
Cu 1.00 1.4 1.4
Zn 1.00 0.9 0.9
Nb 0.3 0.3
Y 0.2 0.2
Zr 0.3 0.3
Ba 0.0 0.0 1.00 0.9
Sr 0.0 0.0
Pb 1.00 0.95 0.95




October 8, 1991

Mary Rebecca Riddle

Supervisor, Trace Metals Laboratory
Department of Environmental Sciences
Chemistry and Chemical Engineering Division
Southwest Research Institute

Dear Becky,

Enclosed are 7 fluid samples for chemical analyses by ICP for the major elements (Si, Ca,
K, Mg and Na), and trace elements (Al, Ba, Cd, Cr, Cu, Fe, Mn, Ni, Pb, and Sr). 4 of
the samples have been acidified (10 ml nitric acid/liter sample) and filtered (CT-1, CT-2,
EM-1-1, BH-12-1). The other three samples were similarly acidified, but were not filtered,
and thus require digestion prior to analysis (CT-3, EM-1-2, BH-12-2).

Additionally, I have enclosed 4 fluid samples for chemical analyses by ion chromatography
for the following anions: fluoride, chloride, nitrate, phosphate, and sulfate. These samples
were not acidified, but were filtered (EM-1-3, BH-12-3, AN-1, AN-2).

I would like to have these analyses accomplished within 2 weeks of your receipt of the
samples. These analyses should be charged to account # 20-3704-063. If you have any
questions don't hesitate to call me at extension 5077.

Please send me a copy of your current analytical procedures for our QA records, along with
your results.

Please return the remaining sample fluids to me.

Sincerely,

Bret W. Leslie, Ph.D.
Research Scientist



NPT 2 P g |HITHL RFSCTFNCFS - THPNP2NTN WA, FR gkl

FAX

Texas Tech University Date: RNV
Department of Geosciences
Box 41053 To: Do Bred hashe

Lubbock, TX 79409-1053
Tel: 806-742-3102

Fax: 806-742-0100

Fax: (_ 512 ) $22 5/5%5

g
# Of Pages (including cover) _.J

ARRAREARARARRERR

D [ XS B*"L‘-* ,

Y Y \ AR N (-\t‘l'.) G-{b ofacur E * (‘.v\ o SCQI 'ﬁ'hol con Q)\,:] -]

. - 2 v L] “'\.A) l
S‘UV' V2, wa\'c.r S¢"~vnw1r.‘..> YMiviIus ‘h‘-‘\bl‘ T it

o hod vy A Yhe c,)-l--v- \f-x’ X hope Yo b
s \JC-\--EJDS'\/‘\ b\_) \A_)u "} . TJ (-1W\Yv‘d.> ﬁw-\,ol w-.\t.'v' )om .~ n{'v'—‘.

\us}- Yo S—o\\ow via m:w\, nr)yn. =-v\*\

C.VMJ W,-“, <

L) wc:“ w\l"\ “\”J c-.nA Geve v:',.n'sw-n;.)-\.

W(w\w“c.

malanie Baraes
Toxas, Tah Unielsil Y

o | %roqéu\)o.\ﬁ ¢ Unwersd 4
SR B\)‘\’\ &‘\ r\}
Room 1AL

Loboock Texes 31409



85/84,92 16:17 GEOSCIENCES - 5125225155 NO. 832 ya1

FAX

"‘oxas Tech University Date: N ™Ml A2
Department of Geosciencas j
Box 41053 To: Dy Bred \;_dé-]w-

Lubbock, TX 79409-1053
Tel: 806-742-3102

Fax: 806-742-0100

Fax: (L3512 ) 522 5155

# Of Pages (including cover) _

kkillll)‘!k

\--_\) & Gy B v':::-*

2

‘ YV Y i e N ,._-4 6 oecur . £ e oved S\-) wel < q,)\..] ey

S-U"' \2_ wn.\"c-‘—- BT P L'..: YIivius )‘?"\J N T\q e vE ? l)-‘\' i ]

sf'\ﬂ - © 3"\\ [ \ u’-.¥ . T M e Ao >«
o.....,vl w/ f...\*"‘V' wm e ¢J,Vsq_

o \‘\o\d vy N
PRV ;un\ \)“) Wed . E ‘U’HY"\ £

\lﬁl X‘D %"o\\aw vie \N\..AL\ . \"‘u)ﬁt- "v\\

c-d

-Y'\J' i o

v wc,n w\l/\q Wod G o Yo VT 3(-&'\"1.--1’1 .

YV‘L.z)am»c



TEXAS TECH UNIVERSITY

SOUTHWEST
RESEARCH INSTITUTE

6220 CULEBRA - SAN ANTONIO, TX 78238-5166

(512) 684-5111

MELANIE BARNES
SCTENCE BLDG.

BROADWAY & UNIVERSITY

) [ 208687

E: 1/11/93

Please check box for method of shipment

to and from Vendor

Circle specific method of shipment by Air Freight or UPS

R0 12 MOTOR FREIGHT D D
OM 125 AR FREIGHT (SR8 &heo)| O O
UPS (1 day, 2 days or 7—10 days) D D
LUBBOCK, TX 79409 FEDERAL EXPRES we| X a
R.M.A. NO. OTHER D D
DECLARED VALUE GOVT. D DEPT. NO. ) L
$ PROJ. - — 850686 :
ﬁ BILL OR W/B NO. ACCT. OR PROJECT NO. SWRI REQ. NO. RETURN INITIATED BY : EXT.
P o " L S —— : 5
NS i R, (g £ ?;E_‘ o " T : Eed
rock samples
S.WR.L. BUYER O Please indicate if items O ves
BUYER NOTIFIED are HAZARDOUS MATERIAL CINO

NO. OF PACKAGES

'] REPAIR

TYPE OF PACKAGE

Oeox Oemnw Oorem O
AEASON FOR SHIPMENT AND/OR REMARKS

DIMENSIONS

INDICATE PROBLEM [J WARRANTY 01 CREDIT [ CREDIT LESS (] EXCHANGE O OTHER
(IN'REMARKS AREA RESTOCKING CHG. (BTN )
HIPPED VENDOR
RECEIPT BY: P

THIS FORM TO BE USED FOR ANYTHING SHIPPED FROM SW.R.I.

st e | e

I s it -. o Wyt S g KT R RN R N S s e o
PACKING LIST (PINK COPY) SHOULD BE ATTACHED TO THE OUTSIDE OF THE CONTAINER. REMAINDER OF
SHIPPING TICKET SHOULD BE RETURNED TO SHIPPING & RECEIVING. PT. 5 (GOLDENROD COPY) WILL BE

RETURNED TO YOU FOR DEPARTMENT RECORDS.

QHIPPING COPY



]
mmm MEMORANDUM s
I

LOG-IN

DATE : 03-26-92

TO: SEE DISTRIBUTION BELOW

FROM: \:%T?LLOR Division 01 Log-in Approved J. Boyd:
RE: NEW LOGIN PROCEDURES FOR SAMPLES BROUGHT INTO LOGIN

Starting April 1, 1992 all samples brought to Log-in for any analysis will have
to be accompanied by the Request For Analysis form (see attached). When samples
are brought to Log-in, the person delivering them or the Project Manager, MUST fill
out the form The form will be avallable in the Log in area ﬂle on the counter. N_Q

ne_Ls_Q_nn_eL The purpose of thls is to assure the Pro;ect Manager that the proper QC
analytical and reporting requirements will be adhered to. if you have any questions,
please see me or Jo Ann Boyd.

cc. Johnson, D. Geno
Hsu Cummins
Boyd Atiyeh
Schattenberg Shull
Villalobos Barajas
Pan Kohl, K (08)
Saenz Magott, R (57)
Scheller Manaktala (20)
Riddle Bendele (08)
Brewer Leslie (20)
Camann Price (42)
Harding Perez (08)
Geary Marr (02)
Bunting Windhorst (08)
Wheeler Goodrich (08)
Tan Switzer (01)
MacNaughton Miller, R (42)

Merritt
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| Total Metals Analysis-Table 1

i i St St O " ——

—
0-3704-063
All Results in P_F'_H___ _ \____ « |~ —
B * BLK PSPK %R cT-3 EM-1-2 EM12(DUR) .
K AL <0.10 91 1.74 0.12 0.078
BA <0.0%8 98 <0.058 <0.0%8 <0.058 -
CD <0.006 197 <0,006 0,013 0.013 -
CR <0.0i1 102 0.18 <0.011 <0.011 —
- CU <0.020 100 0.098 €0.020 <0.020 .
FE <0.022 99 <0.022 0.073 0.069
—_— MN <0.007 102 <0.007 0.073 0.073 -
NI <0.034 116 0.19 <0.,036 <0.036 -
PB <0.001 114 1.07 €0.001 {---<0.001 )
1 SR <0,011 108 5,16 0.11 0.092 R
S1 <0.11 s <0.11 23.1 23.2
CA <1.1 91 9.6 25.0 2%, g - -
K <1.1 9b 3.2 10.4 10.9 =
MB <1.1 ] <1.1 <i.1 <.t -
NA <1.1 71 <1.1 83.7 8b.4 )
Total Metals Analysis—-Table 2 -
T 20-3704-063
All Results in PPM -
X BLK PSPK %R BH-12-2 BH~MS%R MS LEVEL _
AL <0.10 91 4.7% 148 2.0 _
BA <0.038 58 <0.058 99 1.0
CD <0.006 97 <0.006 93 0.10 =~
CR €0.011 102 <0.011 99 0.10 -
cu <0,020 100 0.022 96 0.20 .
FE <0.022 99 0.78 125 0.10 )
MN <0.007 102 0.60 73 0.10 -
NI <0.,036 114 <0.036 106 0.10 -
PB <0.001 116 0.036 111 0.50 .
SR <0.,011 103 0.22 109 0,50 _
S1 <0.11 8s 22.4 104 5,0 )
cA <1.1 91 63,0 36+ 10.0
K <1.1 90 6.1 a9 10.0 -
MG <1.1 68 <1.1 97 10.0 =
NA <1.1 71 13.8 82 10.0 _
-____—D

+ERMPTE” GREATER THAN 4X SPIKE VALUE

A e 3



Anion Reso i

Anion Analysis Summary
20-3704-063

s e — All Results in PPM L s
— SAMPLE FLUORIDE | cHLORIDE | PHOSPHATE | NITRATE | SULFATE J
r— EM-1-3 3.3t 26.5 <0.10 4.13 330 R |
BH-12-3 1.57 3.00 <0.10 2.48 733
T AN-1 - <0.05 |uico.os 11 <0.10 <0.50 <0.53
AN-2 ' <0.03 <0.05 <0.10 <0.5%50 <0.5% - ;
e MS %R 81 102 116 97 a9 —
. M8 LEVEL 0.20 0.20 1.0 0.33 2.0 - J
BLANK <0.05 <0.03 <0.10 <0.%0 <0.50
o e '
b,
-
- - Dissgclved Metals Analysis
20-3704-063 'I
All Results in PPM ”
* BLK cT-1 cT-2 EM-1-1 BH-12-1 !
. AL <0.094 1.86 1.85 - <0.094 0.173 §
BA <0.053 <0.0S53 <0.053 <0.053 <0.053 .
cD <0.00% <0.005 <0.00% 0.050 <0.00S Kl
CR <0.010 0.232 0.228 <0.010 0.020 ‘f
cu <0.018 0.081 0.086 <0.018 0.032
FE <0.020 <0.020 <0.020 <0.020 <0.020 _J'
MN <0.006 <0.006 <0.006 0.054 0.187 ~f M
NI <0.032 0.193 0.194 <0.032 <0.032 i
PB <0.10 0.89 0.88 0.12 <0.10
SR <0.010 5.38 5.08 <0.010 0.207 .
st <0.10 <0.10 <0.10 10.2 6.53 “f
ca <1.0 9.3 9.8 25.5 57.7 2
K <1.0 2.8 2.8 10.2 1.9 4 .
MG <1.0 <1.0 <1.0 <1.0 <1.0 34
NA <1.0 <1.0 <1.0 84.2 <14.6 i

——
ALL METALS RESULTS OBTAINED BY
ANALYSIS.

ABSORPTION SPECTROPHOTOMETRY.

ICPAES EXCEPT LEAD FOR TOTAL
TOTAL LEAD WAS ANALYZED BY GRAPHITE FURNACE ATOMIC
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Division | (&oRI} Chemica F\V\ql\jseb

Knowns, accuracy and precision

B Sp—

RO W

TOL it nstroment detection limit For TCP amijsis by ¥
200.7 ¢ 3015ia ppm.

. - | 8¥Hnfa Al

Known concentration Total | Accuracy Precision oL —
w (ppm) CT-3 % % q
2 <1.1 >50 1.0 ;.
4.07 3.2 40.00 0 08 v
10 9.6 3.50 21.21 03—
6385 <11 >85 L% i
4.99 5.16 481 21.21 Y
2 174 7.25 071 o9H |
0 <0.11 -
132 <0058 | >0 005y
0 <0.005 a«005 —IN
02 0.18 15.00 0.28 0010 n
0.1 0.098 16.50 0.35 0.0(8 ™.
0.09 <0.022 >71 PRIV ||
0.1 <0.007 >04 o006 — N
0.2 0.19 3.25 0.07 0-0b) 1
1.02 1.07 13.24 0.71 0-20 ~™3
Accoracy is average of CT-1 and CT-2 divided by known
concentration stAracted from one and then muitiplied by 100
Precision is the standard deviation of the CT-1 and CT-2 measurements
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EC-91 CELL NUMBER

AN~ TI—ON)
OMN—AC—Z 0

P
REPLICRTIONS

STANDARD CURVE
 BLANK SUBTRHC$&UN: NO

- TANGENT FIT:

PEAK LOCATION: YES
DERIVATIVE: NO
FORCE LINEAR FIT: NO

11 12 13 14 1S 16 17 1B

1

MODEL 3848 POLAROGRAPHIC ANALYZER

10 19 2
OVERRIBE NNYYNYYNNYNYNN

PEAK POT STO 1

SAMPLE
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Sl Both-12- 1

ANALYTE

SUPP. ELEC.

SAMPLE PREP.

[ W PIPES aog‘.jﬁ(,;uﬂ/ (00 pt EDTH
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Analyses



Dissolved Metals Analysis

20—-3704-063
All Results in PPM

BH-12-1 4]

X BLK CT-1 CT-2 EM-1-1

AL <0.094 1.86 1.85 <0.094 0.173
BA <0.053 <0.053 <0.053 <0.053 <0.053
CD <0.005 <0.005 <0.005 0.050 <0.003
€R <0.010 0.232 0.228 <0.010 0.020
Cu <0.018 0.081 0.086 <0.018 0.032
FE <0.020 <0.020 <0.020 <0.020 <0.020
MN <0.006 <0.006 <0.006 0.054 0.187 ~
NI <0.032 0.193 0.194 <0.032 <0.032
PB <0.10 0.89 0.88 0.12 <0.10
SR <0.010 S5.38 5.08 <0.010 0.207
SI <0.10 <0.10 <0.10 10.2 6.33
€A <1.0 9.5 9.8 25.5 57.7
K <1.0 2.8 2.8 10.2 1.5
MG <1.0 <1.0 <1.0 <1.0 <1.0
NA <1.0 <1.0 <1.0 84.2 <14.6

ALL METALS RESULTS OBTAINED BY ICPAES
TOTAL LEAD WAS ANALYZED BY GRAPHITE FURNACE ATOMIC

ANALYSIS.
ABSORPTION SPECTROPHOTOMETRY.

EXCEPT LEAD FOR TOTAL



Total Metals Analysis—-Table 1

20-3704-063
All Results in PPM

X BLK PSPK %R CT-3 EM-1-2 EM12(DUP) I
AL <0.10 91 1.74 0.12 0.078

BA <0.058 98 <0.058 <0.058 <0.058 |
CD <0.006 197 <0.006 0.013 0.013

CR <0.011 102 0.18 <0.011 <0.011

cu <0.020 100 0.098 <0.020 <0.020

FE <0.022 99 <0.022 0.075 0.069

MN <0.007 102 <0.007 0.073 0.073

NI <0.036 116 0.19 <0.036 <0.036

PB <0.001 116 1.07 <0.001 “}-<0.001

SR <0.011 105 5.16 0.11 0.092

S1 <0.11 85 <O.11 23.1 23.2 )
CA <1.1 91 9.6 25.0 "25.6

K <1.1 90 3.2 10.4 10.9

MG <1.1 68 <1.1 <1.1 <1.1

NA <1.1 71 <1.1 83.7 86.4




l

Total Metals Analysis—-Table 2

20~3704-063
All Results in PPM

' X BLK PSPK %R BH-12-2 BH-MSY%R MS LEVEL
N AL <0.10 91 4.75 145 2.0
BA <0.058 98 <0.0S8 99 1.0
CD <0.006 97 <0.006 95 0.10
CR <0.011 102 <0.011 99 0.10
cu <0.020 100 0.022 96 0.20
FE <0.022 99 0.78 125 0.10
MN <0.007 102 0.60 73 0.10
NI <0.036 116 <0.036 106 0.10
PB <0.001 116 0.036 111 0.50
SR <0.011 105 0.22 109 0.50
' s1 <0.11 85 22.4 104 5.0
CA <1.1 91 65.0 56+ 10.0
K <1.1 90 6.1 89 10.0
MG <1.1 68 <1.1 97 10.0
NA <1.1 71 13.8 82 10.0
+SAMPLE GREATER THAN 4X SPIKE VALUE



Anion Analysis Summary
20~-3704-063
All Results in PPM

SAMPLE FLUORIDE | CHLORIDE |PHOSPHATE | NITRATE | SULFATE
EM-1-3 3.31 26.5 <0.10 4.13 330
BH-12-3 1.57 3.00 <0.10 . 2.48 733

AN-1 5 <0.05 |0 <0.05 |11 <0.10 | <0.50 5 <0.5
AN-2 1 <0.05 <0.05 €0.10 <0.50 <0.5
MS %R 81 102 1164 97 89
MS LEVEL 0.20 0.20 1.0 0.33 2.0
BLANK <0.05 <0.0S <0.10 <0.50 - <0.50
g Rdoal ionten+IA‘(on are 0OO +imes less
fwt- dhan 1 had H\ouak.‘-
eq . for F
T disselued \g'—o-‘on ”uf__ Mg = I ,.fpb F
000 ) 1000 mp - natoad o £
o002 g- Ak Mo T | ":‘?"’F,, hY ppm T
\#—pﬂﬁﬁr LﬁlgxaétﬁF wo'e Hek
- N i‘.?,,”d@%, \y 4 " { |
Liter mdes _{L*



6rrs
ID# 7

420.0NM

LINEAR FIT

-.7*C

. 205
.153
.083

.036
6 -.

01

NOT THRU ZERO

SLOPE
INTERCEPT

CORR COEF

Su fate Ang|

ID# 3

420.0NM
v

ID# 5
420.0NM

ID# 9

ID# 13

420.0NM

?s{g

24.97

229 /q
R BWL.
Blank Absorbance
.Q00*A
.253
19.97
14.98
9,990
4.990
. 0000
94.13
1.045
9968
ID# 1
13.68*C
ID# 2
134*A
12.68*C
12.07*C
ID# 6
117*A
ID# 7
11.64*C
ID# 8
113*A
1.55*C
ID# 10
Q05*A
ID# 11
Q07*A
ID# 12
1.74*C
11.28*C
ID# 14
129*A
ID# 15
Q69*A
ID# 16
7.55*C



815.0NM -164.*C
815.0NM -.008*A BW"-Z-/
STD # ABS CONc ':R23/4)
SAAq\jS;S
Pa B
1 -.004 .0000 Pdna Dlanca
2 .057 175.4  Spmples,
3 .118 350.9
4 .300 877.2
5 .593 1754.
LINEAR FIT
NOT THRU ZERO
SLOPE 2937.
INTERCEPT 7.381
CORR COEF 1.0000
———————————————— ID# 1 TST24
815.0NM 1041. C
———————————————— 815.0NM .352*A
ID# 2 TST24
815.0NM 1033. C
I R 815.0NM .349*A
D# 3 TST24
815.0NM 1009. C
———————————————— 815.0NM .341*A
ID# 4 TST24
815.0NM 689. C
---------------- 815.0NM .232*A
ID# 5 TST24
815.0NM 665. C
———————————————— 815.0NM .224*A

Le) Notoooll O

Py s\ -9



12/30/91
Bill:

I reanalyzed the Peiia Blanca water samples for sulfate and silica and
the results do not compare favorably to those of Division 1.

Sample Id El Mesquite Borehole -12

Div 20 Division 1| Div 20 Division 1
Silica (ppm) 59.1 10.2 37.9 6.63
sulfate (ppm) 44 330 39 733

They used ICP for silica analysis and anion chromatography for
sulfate analysis, while I used the standard colorimetric method for
silica that has been used in the anaclime dissolution experiments and
turbidometric method (EPA standard method) for sulfate. Both my
precison and accuracy are better than those of Div 1 for both
analyses, so I would probably use these numbers for silica and
sulfate in the calculations. Polarographic analysis of the borehole
#12 fluid by Paula indicated that U concentration is 2.21 ppm. I plan
to run these samples on the alpha spectrometer by Jan 7 so I will
have some isotopic data and a check on the U concentration in the
fluid.

Bret

loloogaphic gunatyen of Uramum

Vol é/ [L-19-9]



Knowns, accugy and precision

Cations Known concentration | Dissolved | Dissolved | Total | Accuracy Precision

(micromole/) (ppm) CT-1 CT-2 CT-3 % %

Na 2 <1 <1 <1.1 >50

K 4.07 2.8 2.8 3.2 40.00 0

Ca 10 9.5 9.8 9.6 3.50 21.21320344

Mg 6.85 <1 <1 <1.1 >85

Sr 4.99 5.38 5.08 5.16 4.81 21.21320344

Al 2 1.86 1.85 1.74 7.25 0.707106781

Si 0 <0.1 <0.1 <0.11

Ba 1.32 <0.53 <0.53 <0.058 >60

Cd 0 <0.005 <0.005 <0.005

Cr 0.2 0.232 0.228 0.18 15.00 0.282842712

Cu 0.1 0.081 0.086 0.098 16.50 0.353553391

Fe 0.09 <0.02 <0.02 <0.022 >77

Mn 0.1 <0.006 <0.006 <0.007 >94

Ni 0.2 0.193 0.194 0.19 3.25 0.070710678

Pb 1.02 0.89 0.88 1.07 13.24 0.707106781

Accuracy is average of CT-1 and CT-2 divided by known

concentration subtracted from one and then multiplied by 100

12/18/91




alk w!Kshhet

bh-12 Em bh-12 Em bh-12 Em
ppm ppm meq/l meq/| %meq/| %meq/|

F 1.6 3.3 0.08421939 | 0.17370249 | 1.16971377| 1.6455333|F
Cl 3 26.5 0.08461907 | 0.74746848 | 1.1752649( 7.08098218|CI
NO3 2.5 4.1 0.04031998 | 0.06612477 | 0.55999971| 0.62641878|NO3
S04 39 44 0.81202632 | 0.91613226 | 11.2781433| 8.67878227(S04
Na 13.8 84.2 0.60026098 | 3.66246194 | 8.3369581] 34.695547|Na
K 1.5 10.2 0.03836513 | 0.26088291 | 0.53284908| 2.47141824|K
Ca 57.7 25.5 2.87924152 | 1.27245509 | 39.9894655| 12.0543301(Ca
Mg 1 1 0.0822876 | 0.0822876 | 1.14288327| 0.77953387|Mg
Si 37.9 59.1 35.8190343| 31.9691127Farb alk(HCO3)
Uranium 2.21 0.225 0.0557075 | 0.00567158 | 0.77371525
co2 20 13
pH 7.5 7.2 pems HCO3 | ppm B(O2
HCO3 ~350, 157.28883 | 205.8171711
alkalinity

sum an 1.02118476 | 1.903428

cat sum | 3.60015523 | 5.27808753

carb alk(HCO3] 2.57897047 | 3.37465954 | 35.8190343| 31.9691127
sum eq 7.20031046 | 10.5561751

1/6/92




SOUTHWEST RESEARCH INSTITUTE
MEMORANDUM

DATE:

TO:

FROM:

SUBJECT:

March 27, 1992

Brent Leslie

Lorraine Scheller%

Results of Anion Analysis of Water Samples

Received on March 19, 1992,

SwRI Project 20-3704-063

The above referenece results are as follows:

Sample ID | F (ppm) Cl (ppm) No;N (ppm) | Po,P (ppm) | So, (ppm)
3171 1.16 3.62 U 0.002 1.63 4.48
3172 U 0.01 U 0.02 U 0.002 U 0.003 U 0.02
3173 1.05 3.43 U 0.002 1.69 4.34
3174 U 0.01 U 0.02 U 0.002 U 0.003 U 0.02
3175 1.14 3.72 U 0.002 1.96 3.57

U - Undetected at MDL given.

Samples were analyzed on March 25, 1992

Instrument:
Column:

Detector:
Method:

Operator:
Analyst:

LS:ds

Dionex Model 2020i

Dionex AS4A (Separator column)

Dionex AG4 (guard column)

Dionex Anion Micromembrane Suppressor
Dionex conductivity detector

EPA 300.0

Joe Tsai

Lorraine Scheller




Silica Analyses
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Alkalinity 3/92

Sample Identity Spex Alkalinity sample 50 ml
Spex Alkalinity sample 25 ml ml Acid pH
ml Acid pH 0.000 7.90
0.000 1.1 0.200 7.28
0.200 6.86 0.300 7.26
0.250 6.78 1.400 4.60
0.300 6.66 1.468 4.30
0.400 6.42
0.500 6.27 Date 9-Apr-92
0.600 5.97
0.700 5.67
0.800 5.11 92-3/BH-12 sample 50 ml 92-3/BH-12 sample 50 ml
0.900 4.22 ml Acid pH ml Acid pH
Date 25-Mar-92 0.000 7.09 6.300 5.27
0.200 7.05 6.400 5.19
92-3/BH-12 sample 25 ml 0.400 6.95 6.500 5.08
ml Acid pH 0.600 6.89 6.600 4,96
0.000 7.09 0.800 6.83 6.700 4.84
0.500 6.91 1.000 6.77 6.800 4.67
1.000 6.76 1.200 6.72 6.890 4.50
1.500 6.63 1.400 6.67 6.943 4.37
2.000 6.52 1.600 6.62
2.500 6.40 1.800 6.58 Date 9-Apr-92
3.000 6.29 2.000 6.54
3.500 6.18 2.200 6.49
4.000 6.07 2.400 6.45
4.500 5.95 2.600 6.40
5.000 5.82 2.800 6.36
5.500 5.64 3.000 6.32
6.000 5.42 3.400 6.23
6.200 5.32 3.600 6.18
6.400 5.16 3.800 6.14
6.500 5.07 4.000 6.10
6.600 4.96 4.400 6.00
6.700 4.84 4.800 5.89
6.750 4.75 5.000 5.83
6.800 4.66 5.200 5.77
6.882 4.50 5.400 5.70
6.946 4.36 5.500 5.67
5.700 5.59
Date 9-Apr-92 6.000 5.45
6.100 5.39
6.200 5.33

4/13/92




SR1 WATER ANALYSES

STANDARDS

Standards were prepared from single elesent standard
solutions of 1000ppa. The major elesent standard (5i, Ti,
Al, Fe, Mn, Mg, Ca, Na, K, and P) vas prepared by pipetting
2081 of each standard solution into a clean Nalgene bottle.
The resulting standard (Standard 5 contained 100ppe of each
element except Ca which had a concentration of SOpps. Other
standard were diluted from Standard 3. For the trace
element standard (Sc, V, Cr, Ni, Cu, In, Nb, Y, Ar, Ba, and
Sr) the same procedure vas folloved, Standard 5 for the
trace elements had a concentration of 30.0ppa.

SAMPLES

Samples were run as received.

LEAD

Lead analyses were done by Atosic Abosorption. Samples 4,
3, 7 and 9 vere done by flame and the rest vere done by
graphite furnpance. The internal standard for flase was
.604ppa at the beginning of the run and .643ppm at the end
of the run. The high standard for graphite vas .025pps and
the low was .003ppa. The internal standard for graphite was
.0102ppa and analyzed as .0103ppa, Two samples (1 and 2)
had to be diluted fautomatically by the autosampler) to be
vithin range for the graphite furnance.



Sample  31992-1

g 0.0 18.4
" 9,0 0.0
Al 0.0 0.3
Fe 0.0 0.2
Mn 0.0 0.2
Mg 0.0 4.1
La 0.0 82.4
Na 0.0 0.8
4 0.1 2.5
P 0.0 0.1
jample 57Dz STD 3
51 9.4 24,1
Ti 3.1 24.7
Al 9.0 24,6
Fa 9.3 25.1
Mn 9.4 23.3
Mg 9.3 25.0
fa 4.4 12,0
Na 8.8 23.6
£ 8.6 23.3
p 0.9 2.4
@
ample  31992-1 31992-2
5c 0.0 0.0
v 0.4 0.4
Lr 0.1 0.2
Ni 0.0 0.0
Cu 0.4 0.3
In 0.0 0.0
Nb 0.3 0.3
y 503 Do,
ir 0.3 0.3
Ba 0.0 0.0
Sr 0.0 0.1
Pb 2-04 .0
ample  BLANK  5TD 2
§c 0.0 8.6
y 0.4 8.3
Cr 4.2 8.3
Ni 0.0 8.4
Cu 0.3 8.4
In 0.0 8.4
Kb 0.3 8.5
I 0.3 8.5
Ir .4 8.3
B 0.0 8.3
S;' 0.0 8.3

31992-2 31992-3 31992-4 31992-5 31992-6 3199Z-7 31992-8 31992-9 31992-10 31992-11 31992-12
2628.0

D

0.0
0.0
0.0
0.0
0.0

D O D
» - .- - -
Lo~~~ R e P = 3K = )

510 5
99.1
99.8
98.9
104.0
104.0
97.2
41.2
92.6
93.3

3.9

31992-3
0.0
0.4
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05.784./92 16:17 GEOSCIEMCES =+ 51252235155 MNO. 832 paz
* ok |
O‘<\ Dissolva “1() O\l\ _ O% Q) 0 \A hary ne[

416 <1 . -
Reagent i Bi-h -t mw Eelson? v des/mn Lpen Fhedd T4 2/ 1Y -G
' Seeple  31992-1 31992-2 31992-3 31992-4 3i992-8 21992-6 01992-7, 3lg92- 31992-9 31992-10 31992-1§ 31992-12

0 1 0 228 ©QDo 2% : 2 189
?t n %‘ b ) djo) 6 % ] —% 0 ) )
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g ] 4<l ¢ 2 Gt 5 { ] { £ 0 2
ts 0 g25%T 0 25 e 9 i ) i 96 0 29
Na 0 f<He 0 12 02 { 0 0 9 t o7 s

4 ¢ IR 0 1 4403 ) 0 0 ] 5 940 i1
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Sasple 5T02 §T03 870G 8TDE STD 7

i 9 24 99 33 i
Ti ) 25 100 34 66
Al 9 23 L bL) 86
Fe 9 23 104 hhi 5§
Mn 9 2% 104 4 86
Mg 3 23 3 32 63
it ok o§n B

K 9 2 93 50 4]

p i 2 10 b 6

Sasple  31932-1 31992-2 31992-3 31992-4 31992-3 31992-6 31992-7 21992-B 31992-9 31992-10 31992-11 31992-12

14 0.0 0.9 0.0 0.0 0.9 0.0 4.0 0.0 0.0 0.0 0.0 0.0
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r ] (-] 0 0 0.2 0 { 0 i 0 ] )
Nt Y ¢ ¢ 0 0.2 g ! 0 1 0 ] 0
] i o ) } J 0 t 9 { 0 9 0
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Ba 9 0 0 0 (I 9 0 9 0 0 | 0
CH ] fack 0 ] FEE S 0 0 0 0 ] 0
Sample BLANK 5TD2 STD3 STD4 STDS 5B 6
St 8.0 8.8 2.7 47,3 90.7 69.5
¥ ¢ f 2 44 9% 68
Cr 0 8 22 43 91 68
Ni 0 8 22 45 90 67
o' 0 8 23 45 95 by
In 0 | 23 44 89 &6
Nb 0 8 23 16 87 89
Y 0.3 8.5 22,7 45,8 9,2 69.1
ir 0 8 23 4 93 70
Ba d 8 24 46 87 63
§r 0 ] A 6 g8 §3



0S./B4.-92 ie:17 GEUSCIENCES = 51252325155 HNO. B32 0az

Seeple  31992-1 31992-2 31992-0 31992-4 31992-5 21992-6 31992-7 3(992-8 31992-9 34992-10 31992-14 31992-12
i 2

' $i 0 18 0 2528 7 6 3 2 3 21 1 28
Ti 0 0 b 0 0 0 1 0 { ] 0 b
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k Y 2 ] 1 4 v 9 ¢ o ] 9 it
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Saeple 5TD 2 87093 870G 87D & ST 7
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Ti 5 25 100 34 66
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§¢ 0.0 0.0 0.0 0.0 0.0 0.0 4.0 0.9 0.¢ 0.0 6.0 0.¢
y 0 0 i 0 0 0 1 ] i 0 0 )
Cr 9 0 § 0 0 0 { 0 i 0 0 {
Nt ¢ ¢ ¢ 0 ¢ g { 0 i 0 ] 0
fu 0 { ¢ 1 ] ¢ t 0 { 0 0 0
In ] ] 0 3 ] 0 i ¢ i 0 0 0
Nb 0 0 ¢ 0 0 0 i 0 0 ¢ 0 0
Y 0.0 6.0 6.0 0.0 0.¢ 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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In ] B 33 44 89 6
Nb ] 8 23 46 87 89

Y 0.3 8.5 22,7 43,8 94.2 69.1
it 0 8 23 46 93 70
Ba ] 8 21 46 §7 63
§r ¢ g 2 {6 68 63
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Sr ¢ ] 21 46 g8 63



sple 31992-1 31992-2 721992-3 31992-4 31992-5 31992-6 31392-7 31992-8 31992-9 31992-10 31992-11 31992-12

' 0.0 1.4 0.0 8.0 165 5.8 5.0 L§ 27 2.0 L3 2.8
- 50 0.0 0.0 03 0.0 00 0.9 9.0 0.3 0.0 0.0 0.0
4 T T L T )
g 0.0 a2 L0 A4 80 MmO Lo 00 L0 0.0 0.0 0.0
“n 00 22 00 0.0 0.0 L3 L1 2.0 Lo 18 0.0 3.0
4 20 41 20 L7 0.0 5123 0.0 L0 56 00 Lb
ta 0.0 8.4 0.0 5.0 10,5 9.0 L0 0.0 L6 3.0 0.0  28.8
ia 00 0B 0.0 120 0.0 1.0 0.0 20 00 L0 0.0 53
¥ o1 29 0.0 Lo 33 48 0.0 0.0 0.0 47 34 1.3
2 00 01 00 03 0.0 36 00 0.0 0.0 37T 0.0 0.
aple ST02 ST3 STDS STE ST (otnersamecs) s, Ca
3 9.4 241 9.1 5.0 T7LO s¥d 2 = Q) g, 2.2 AL
1 3.1 4.7 9.8 56 65.5
Al 2.0 246 9.3 536 664 2 = 25 ,pom at3 a8
e 3.3 2.0 1040 5.2 66.0
“n 3.4 5.3 1040 344 65.6 5= 100 ppm 44 §0
'a 3.3 250 9.2 .2 5.3 -
Za 44 120 4.2 6.2 329 b 53 rem S1t A5
Ha 5.8 3.6 36 SLT &4 17 Ll T e Ly, F+ 23.3
: 3.6 .2 9.3 0.0 65.4
: 0,5 24 %9 53 6.3

aple  31992-1 31992-2 31992-3 31992-4 31992-5 31992-6 31992-7 31992-8 31992-9 31992-10 31992-11 31932-12

3¢ 0.0 9.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 6.0 0.0 samyples
v 0.4 0.4 0.4 0.4 0.4 2.4 1.4 0.4 1.4 0.4 0.4 0.4 4,5, 7,9
Cr 0.1 0.2 0.2 0.2 0.3 0.1 1.2 0.2 1.2 0.2 .2 0.1
Ni 0.0 9.0 9.0 0.0 0.0 0.0 0.8 0.0 0.7 0.0 0.0 0.0 oy Freme
Cu 0.4 0.5 0.4 0.5 0.5 0.4 {4 0.4 1.4 0.4 0.4 0.4 AA Yo-
In 0.0 0.0 0.0 2.6 0.0 0.0 0.9 0.0 9.9 0,0 2.0 0.0
Nb 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 Po
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: 1S ppm
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gy -0 8.3 2.1 459  B86.6  62.5
Sr 0.0 8.3 2.4  45.6 8.6  &2.7



Results



Pena Blanca l%d Analyses

Parameter

BH-12 filtered BH-12 unfiltered El Mesquite filtered |El Mesquite unfiltered
Field Measurements
pH 7.5 7.2
Eh (mV) 138
CO2 (micromole/l) 454 295
Dissolved O2 (micromole/l) 94 63
Silica (micromoleA) >534 >534
Temperature oC 24 17
Lab Measurements
Alkalinity (micromole/l) 3545
Anions (micromole/l)
F 84.2 174
Cl 84.6 748
PO4 <1 <1
NO3 40.3 66.1
S04 7631 3435
Cations (micromole/)
Na <635 603 261 3655
K 38.4 156 261 266
Ca 1440 1622 636 624
Mg <41 <45 <41 <45
Sr 2.4 2.50 <0.1 1.25
Al 6.3 176 <3 4.40
Si 233 798 363 823
Ba <0.39 <0.42 <0.39 <0.42
Cd <0.04 <0.05 0.44 0.12
Cr 0.38 <0.2 <0.2 <0.2
Cu 0.5 0.35 <0.28 <0.31
Fe <0.36 14 <0.36 1.34
Mn 3.5 10.90 0.98 1.33
Ni <0.55 <0.61 <0.54 <0.66
Pb <0.48 0.17 0.58 <0.005
Uranium 0.95

12/18/91




Table 7.3

Chemical Composition (mg/l) of Waters Collected Near and at the

Nopal I Deposit.

Species

Na
K
Mg
Ca
Sr
Mn
U
Al
SiOy
F

a
NOs3
S04
Alkalinity*
pH

El Mezquite

84.2
10.2
<1.0
25.5
<0.01
0.05
0.23
<0.1
59.1
3.3
26.5
4.1
44
2063
7.2

Borehole-12

P
— D
.

A
>~ —- .
NOANO=NMENIOW»m®
] b \D =

W

w

[

W W
~N o
W

* Alkalinity as HCOs3.

a Alkalinity as HCO3 calculated from charge balance.






Parameter BH-12 filtered BH-12 unfiltered El Mesquite filtered |El Mesquite unfiltered
Field Measurements wM LM
pH 7.5 7.2
Eh (mV) 138
CO2 (ppm) we Ao 352, 20 ysH 13 24K
Dissolved O2 (ppm) 3 %75 2 (2.5
Silica (ppm) >15 534 >15 53534
Temperature oC 24 17
Lab Measurements
Alkalinity (ppm) 156
Anions (ppm) anMolap
F 1.6 TR 33 331 N
Ci 3.0 D 265 3.5 ryoyS A %26%?
PO4 <1 Z) <1 <) 240 oM WORO,
NO3 25 40.3 41 (b
SO4 733 351 330 34xg
Cations - L. _
Na 465 <14.6 o3 13.8 26317 84.2 2655 83.7
K ®Y 1.5 56 6.1 el 102 A6 10.4
Ca 1440 57.7 1o22 65 o  25.5 t24 25
Mg 4] <1.0 <45 <l.1 <4y <10 <y <Ll
Sr 2,4 021 2.5 0.22 <o\ <0.01 .28 011
Al 03 0.17 3 475 Ly <0.094 yy 0.12
Si 233 6.53 398 224 163y 10.2 823 23.1
Ba L 3 <0.053 < 4y <0.058 <. 9<0.053 <.472<0.058
Cd <004 <0.005 <,08 <0.006 o.4 0.05 o, 12 0.013
Cr 039 0.02 < 5 <0.011 <7 <0.01 <2 <0.011
Cu o 5¢ 0.032 0,35 0.022 < 2 <0.018 < 3 <0.02
Fe 0.3(, <0.02 14 0.78 <,y 3 <0.02 .34 0.075
Mn 3,5 0.19 i0.g 0.60 0.9 0.054 1 130.073
Ni J0.55 <0.032 <0, () <0.036 Ko.54 <0.032 < .4 <0.036
Pb 4,40 <0.10 o.3 0.036 0.5 0.12 <0.001
Uranium o985 0.225
1OU 4 mot0S B ‘ Q.05 3;‘*

12/17/91 Ty

1
2o Mters
Lo fe FORAAACIEN



Fluids summary 5/92

Parameter BH-12 3/93 BH-12 9/91 El Mesquite
Field Measurements

pH 7.38 7.5 7.2
Eh (V) -0.213 0.138
CO2 (mg/) 54 20 13
Dissolved 02 (mg/1) <1 3 2
Silica (mg/l) >15 >15
Temperature oC 22.8 24 17
H2S >1

Lab Measurements

Alkalinity as HCO3- (mg/l) 324.79 161.45 230.5
Anions (mg/1)

F 1.09 1.6 33
Cl 3.52 3 26.5
PO4 1.66 <.1 <1
NO3 <0.002 2.5 4.1
S04 4.41 39 4
Cations (mg/1)

Na 1 13.8 84.2
K 5 1.5 10.2
Ca 96.5 57.7 25.5
Mg 5.5 <1 <1
Sr 0.21 <.01
Al 0.16 0.17 <1
Si 434 379 59.1
Fe

Mn 2 0.19 0.05
Uranium 1.37 221 0.23
P 4

HCO3 by charge balance 316.6

5/6/92




Parameter BH-12 filtered BH-12 unfiltered El Mesquite filtered |El Mesquite unfiltered
Field Measurements
pH 1.5 7.2
Eh (mV) 138
CO2 (ppm) 20 13
Dissolved O2 (ppm) 3 2
Silica (ppm) >15 >15
Temperature oC 24 17
Lab Measurements
Alkalinity (ppm) 156
Anions (ppm)
F 1.6 33
Cl 3.0 26.5
PO4 <1 <.1
NO3 2.5 4.1
S04 733 330
Cations
Na <14.6 13.8 84.2 83.7
K 1.5 6.1 10.2 10.4
Ca 57.7 65 25.5 25
Mg <1.0 <1.1 <1.0 <I.1
Sr 0.21 0.22 <0.01 0.11
Al 0.17 475 <0.094 0.12
Si 6.53 22.4 10.2 23.1
Ba <0.053 <0.058 <0.053 <0.058
Cd <0.005 <0.006 0.05 0.013
Cr 0.02 <0.011 <0.01 <0.011
Cu 0.032 0.022 <0.018 <0.02
Fe <0.02 0.78 <0.02 0.075
Mn 0.19 0.60 0.054 0.073
Ni <0.032 <0.036 <0.032 <0.036
Pb <0.10 0.036 0.12 <0.001
Uranium 0.225
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Fluids summary 5/92

Parameter BH-12 3/93 BH-12 9/91 El Mesquite
Field Measurements

pH 7.38 7.5 7.2
Eh (V) -0.213 0.138
CO2 (mg/1) 54 20 13
Dissolved 02 (mg/1) <1 3 2
Silica (mg/1) >15 >15
Temperature oC 22.8 24 17
H2S >1

Lab Measurements

Alkalinity as HCO3- (mg/l) 324.79 161.45 230.5
Anions (mg/1)

F 1.09 1.6 33
Cl 3.52 3 26.5
PO4 1.66 <1 <1
NO3 <0.002 25 4.1
S04 4.41 39 44
Cations (mg/l)

Na 1 13.8 84.2
K 5 1.5 10.2
Ca 96.5 57.7 25.5
Mg 5.5 <1 <1
Sr 0.21 <01
Al 0.16 0.17 <1
Si 434 37.9 59.1
Fe

Mn 2 0.19 0.05
Uranium 1.37 221 0.23
P 4

HCO3 by charge balance 316.6

5/6/92




Fluids summary 5/92

Parameter BH-12 3/93 BH-12 9/91 El Mesquite
“ Field Measurements
/ [pH 7.38 75 72
Eh (V) -0.213 0.138
CO2 (mg/) 54 20 13
Dissolved 02 (mg/1) <1 3 2
Silica (mg/1) >15 >15
~/|Temperature oC 22.8 24 17
H2S >1
Lab Measurements
15/ Alkalinity as HCO3- (mg/l) 324.79 161.45 230.5
Anions (mg/1)
10 V|F 1.09 1.6 33
W /fCT 3.52 3 26.5
\/ % —I[PO4 1.66 <1 <1
. V|[NO3 <0.002 2.5 4.1
13 v [SO4 4.41 39 44
Cations (mg/l)
| /|Na 1 13.8 84.2
1/[K 5 15 10.2
J ACa 96.5 57.7 25.5
3 Mg 5.5 <1 <1
S/ —|Sr 0.21 <.01
/1Al 0.16 0.17 <1
v|Si 43.4 37.9 59.1
Fe
o v|Mn 2 0.19 0.05
% »/|[Uranium 1.37 2.21 0.23
P 4
HCO3 by charge balance 316.6
v
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