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Note: Figure duplicated from Figure 24 of the main text.
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Figure D.1-1. Specific Conductance Profiles in Raffinate Ponds Area Wells
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Figure D.1-3. Sulfate Profiles in Raffinate Ponds Area Wells
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Vertical Profiles by Well
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Result
| Screened interval
e Result exceeds corresponding UMTRCA MCL or site background level (DOE 2014c):
0.044 mg/L uranium, 1276 mg/L sulfate (background); 44 mg/L nitrate as NO3
o BDL result
Note:
All units in mg/L except SC (uS/cm), pH, and Rn-222 (pCi/L); alkalinity as CaCO3
Figure D.2-2. Variable Profiles from Raffinate Ponds Area Well 0594, August—September 2015
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SC Uranium Sulfate Chloride
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275 300 325 350 375 0.5 1.0 15 2.0 7.4 7.6 78
Result
|  Screened interval
..... Bedrock (Menefee Formation) contact;
Bodo Fault
Point Lookout Sandstone
° Result exceeds corresponding UMTRCA MCL or site background level (DOE 2014c):
0.044 mg/L uranium, 1276 mg/L sulfate (background); 44 mg/L nitrate as NO3
o BDL result
Notes:

All units in mg/L except SC (uS/cm) and pH; alkalinity as CaCOs,
Chemical profiles in this well were incomplete because the pump could not be advanced beyond approximately 86 ft bgs,
coinciding with the region of the Point Lookout Sandstone contact.

Figure D.2-3. Variable Profiles from Raffinate Ponds Area Well 0598, September 2015
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5C Uranium Sulfate
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Result
|  Screened interval
..... Bedrock (Menefee Formation) contact
o BDL result
Notes:

All units in mg/L except SC (uS/cm) and pH; alkalinity as CaCOg;

As shown above, at the time of profiling, most of the water in this well was in the sump.

No result exceeds the corresponding UMTRCA MCL or site background level (DOE 2014c):
0.044 mg/L uranium, 1276 mg/L sulfate (background); 44 mg/L nitrate as NO3
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Figure D.2-4. Variable Profiles from Raffinate Ponds Area Well 0607, August 2015
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Result
|  Screened interval
o  BDL result
Notes:

All units in mg/L except SC (uS/cm) and pH; alkalinity as CaCO3
No result exceeds the corresponding UMTRCA MCL or site background level (DOE 2014c):
0.044 mg/L uranium, 1276 mg/L sulfate (background); 44 mg/L nitrate as NO3

Figure D.2-5. Variable Profiles from Raffinate Ponds Area Point Lookout Sandstone Well 0875
September 2015
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SC Uranium Sulfate Chloride
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Result
|  Screened interval
e Result exceeds corresponding UMTRCA MCL or site background level (DOE 2014c):
0.044 mg/L uranium, 1276 mg/L sulfate (background); 44 mg/L nitrate as NO3
o BDL result
Notes:

All units in mg/L except SC (uS/cm) and pH; alkalinity as CaCO3
SC and chemical profiles were incomplete due to an obstruction encountered at about 30.6 ft bgs.

Figure D.2-6. Variable Profiles from Raffinate Ponds Area Well 0879, August 2015
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SC Uranium Sulfate Chloride
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Result
|  Screened interval
o  BDL result
Notes:

All units in mg/L except SC (uS/cm) and pH; alkalinity as CaCO3
Too few samples to evaluate (n = 3). As found for well 0607, most of the water was in the sump.
No result exceeds the corresponding UMTRCA MCL or site background level (DOE 2014c):

0.044 mg/L uranium, 1276 mg/L sulfate (background); 44 mg/L nitrate as NO3

Figure D.2-7. Variable Profiles from Raffinate Ponds Area Well 0882, August 2015
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Notes:

All units in mg/L except SC (uS/cm) and pH; alkalinity as CaCOs,
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No result exceeds the corresponding UMTRCA MCL or site background level (DOE 2014c):
0.044 mg/L uranium, 1276 mg/L sulfate (background); 44 mg/L nitrate as NO3
High DOC and TOC in lowermost sample (120-130 mg/L) possibly attributable to coal bed.

Figure D.2-8. Variable Profiles from Raffinate Ponds Area Well 0883, August 2015
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SC Uranium Sulfate Chloride
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Result

|  Screened interval

Bedrock (Menefee Formation) contact

e Result exceeds corresponding UMTRCA MCL or site background level (DOE 2014c):
0.044 mg/L uranium, 1276 mg/L sulfate (background); 44 mg/L nitrate as NO3
o BDL result

Note:
All units in mg/L except SC (uS/cm), pH, and **’Rn (pCi/L); alkalinity as CaCO;

Figure D.2-9. Variable Profiles from Raffinate Ponds Area Well 0884, August—September 2015
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Result exceeds corresponding UMTRCA MCL or site background level (DOE 2014c):

Chloride
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Magnesium

Total Fe

-
P
-
o

0.044 mg/L uranium, 1276 mg/L sulfate (background); 44 mg/L nitrate as NO3

o BDL result

Note:

All units in mg/L except SC (uS/cm) and pH; alkalinity as CaCO3

Figure D.2-10. Variable Profiles from Raffinate Ponds Area Well 0889, August 2015
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Notes:

All units in mg/L except SC (uS/cm) and pH; alkalinity as CaCOs,
No result exceeds the corresponding UMTRCA MCL or site background level (DOE 2014c):
0.044 mg/L uranium, 1276 mg/L sulfate (background); 44 mg/L nitrate as NO3
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Figure D.2-11. Variable Profiles from Raffinate Ponds Area Well 0903, August 2015
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Appendix E
Shiprock Site Floodplain SC and Analyte Profiles
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Preface

Phase 11 of this study yielded 550 variable profiles for the Shiprock site floodplain wells

(36 wells x 15 parameters + 10 **Rn profiles). The discussion in the main body of the report
focused mainly on SC, uranium, sulfate, nitrate, and ??’Rn and on those wells with the most
variable or interesting profiles. This appendix provides a comprehensive graphical summary of
Phase 11 results for all Shiprock site floodplain well-variable combinations.

Appendix E-1 plots the profiles by variable, by well. For a given analyte, this presentation allows
comparison of profiles between wells. Appendix E-2 provides a different view, plotting profiles
of all parameters for each of the 36 wells profiled. When interpreting these figures, it is
important to acknowledge the range in values because scales are unique for each well- and
variable-specific profile. As such, some profiles initially appearing as being highly variable may
just represent random variation if the range of measurements is small. Because this appendix is
intended as a stand-alone summary of all Phase Il results, some figures from the main body of
the report are duplicated. Legend items and abbreviations used globally are listed below.

Legend ltems:

| Screened interval

----- Bedrock (Mancos Shale) contact
Mancos Shale (bedrock)

Casing

Screen

Sump

BDL result

Well not routinely sampled

*0O o @

Abbreviations:

AL alluvium

BDL below detection limit (denoted by o in plots)
bgs  below ground surface

CV  coefficient of variation

DOC dissolved organic carbon

Fe iron

MCL maximum concentration limit established in 40 CFR 192
mg/L  milligrams per liter

puS/cm microsiemens per centimeter

SC specific conductance

TOC total organic carbon
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® SC and Chemical Profiles Only

® SC, Chemical, and ??Rn Profiles

Indicates Well Location Subsequentl Work Performed by

s led Usi High-Fl S P 9 M }tlh d U.S. DEPARTMENT OF ENERGY Navarro Research & Engineering, Inc.
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Figure duplicated from Figure 39 of the main text.

Sample Location Map: Shiprock Site Floodplain Wells Profiled in Phase I
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Appendix E-1

Vertical Profiles by Analyte
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Depth (bgs)

Specific Conductance by Depth in Shiprock Site Floodplain Wells
Phase Il Profiles, Unique Scales
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Notes:
| screened interval

""" bedrock contact
Mancos Shale

bgs below ground surface
SC specific conductance

To provide a context for interpreting results (i.e., to help identify wells with relatively higher SC), points are color-coded based on the
distribution of SC in the Phase Il Shiprock site floodplain data set. The mean and standard deviation (SD) were 7003 and
3794 uS/cm, respectively.
e SC <10,797 uS/cm (mean + 1xSD)
10,797 < SC < 14,591 pS/cm (mean + 2xSD)
e SC > 14,591 puS/cm
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Specific Conductance Concentrations by Depth in Shiprock Site Floodplain Wells
Phase Il Profiles, Common Scales
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Figure duplicated from Figure 46 in Section 5 of this report
Use of a logarithmic x-axis scale may mask the magnitude of change in SC with depth.
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--- mean SC of Phase Il Shiprock site floodplain data set (7003 pyS/cm)
bgs below ground surface
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Depth (bgs)

Uranium Concentrations by Depth in Shiprock Site Floodplain Wells
Phase Il Profiles, Unique Scales
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Figure duplicated from Figure 47 in Section 5 of this report
| screened interval

""" bedrock contact
Mancos Shale

e uranium < 0.044 mg/L 40 CFR 192 standard
e uranium > 0.044 mg/L
o result below detection limit

bgs below ground surface
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Uranium Concentrations by Depth in Shiprock Site Floodplain Wells
Phase Il Profiles, Common Scales
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Figure duplicated from Figure 48 in Section 5 of this report
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casing
screen
sump

--- 0.044 mg/L 40 CFR 192 standard
bgs below ground surface

U.S. Department of Energy

June 2018

Page E-8

Variation Project Final Report

Doc. No. S16662



Depth (bgs)

Sulfate Concentrations by Depth in Shiprock Site Floodplain Wells
Phase Il Profiles, Unique Scales
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Figure duplicated from Figure 49 in Section 5 of this report
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Sulfate Concentrations by Depth in Shiprock Site Floodplain Wells
Phase Il Profiles, Common Scales
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Figure duplicated from Figure 50 in Section 5 of this report
Use of a logarithmic x-axis scale may mask the magnitude of change in sulfate concentrations with depth.
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Nitrate as NO3; Concentrations by Depth in Shiprock Site Floodplain Wells
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Phase Il Profiles, Unique Scales
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Depth (ft bgs)

Nitrate as NO3; Concentrations by Depth in Shiprock Site Floodplain Wells
Phase Il Profiles, Common Scales
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Figure duplicated from Figure 52 in Section 5 of this report
Use of a logarithmic x-axis scale may mask the magnitude of change in nitrate concentrations with depth.
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Radon-222 Concentrations by Depth in Shiprock Site Floodplain Wells, Phase Il Profiles

a. Unique Scales
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* Figure adapted from Figure 58 in Section 5 of this report.
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Depth (bgs)

Chloride Concentrations by Depth in Shiprock Site Floodplain Wells
Phase Il Profiles, Unique Scales
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To provide a context for interpreting results (i.e., to help identify wells with relatively higher chloride concentrations), points are color-
coded based on the distribution of chloride in the Phase Il Shiprock site floodplain data set. The mean and standard deviation (SD)
were 163.4 and 128.3 mg/L, respectively.
e chloride <291.7 mg/L (mean + 1xSD)
291.7 < chloride < 420 mg/L (mean + 2xSD)
e chloride > 420 mg/L
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Chloride Concentrations by Depth in Shiprock Site Floodplain Wells

Phase Il Profiles, Common Scales

0 200 400 600

0 200 400 600

0 200 400 600

1 1 1 | 1 1 1 1 1 1 1 1
0610 0611 0612 0613 _ 0614 0617
54 = 5 ' ; : -
104 ¥ i ' L. £, N i
15 4 ; e, ; -
20 E : E : E -
0618 0619 0620 0621 0622 0626
1 . E E E E 5 - 5
1 & : : : L : - 10
1N ) ', U | . [ e
1 5 L 5 : 5 - 20
0627 0628 0629 0630 0735 0792
T : : ; : : L
= 01 L. : M ref —
& 15 | ¥ = H ; -
S o209 i i i -
= _ 0857 _ 1008 _ 1009 1010 _ 1013 _ 1105
= i i e i ' [ 5
L - : : : : : - 10
° 1 | l i ' ‘l, “i-. 1 - 15
1 o E . ‘e 5 - 20
1111 1115 1126 1127 1134 1135
5 S | 5 = 5 5 5
10 Y. | : A, I -
15 1 i s v " i —
20 { ! 5 i i i -
1136 1137 1138 1139 1141 1143
- : : : : : : L 5
1 % s : L : _
1 i° 1L N Y I a I [ 10
- : - : 15
7 : : : : : : - 20
T T T T T T T T T T T T T T T T T T T T T T T T
0 200 400 600 0 200 400 600 0 200 400 600
Chloride {(mg/L)
Notes:
casing
® screen
e sump

--- mean chloride concentration in Phase Il Shiprock site floodplain data set (163.4 mg/L)
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Depth (bgs)

Sodium Concentrations by Depth in Shiprock Site Floodplain Wells
Phase Il Profiles, Unique Scales
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To provide a context for interpreting results, points are color-coded based on the distribution of sodium in the Phase Il Shiprock site
floodplain data set. The mean and standard deviation (SD) were 1341 and 807 mg/L, respectively.

e sodium < 2148 mg/L (mean + 1xSD)
2148 < sodium < 2955 mg/L (mean + 2xSD)
e sodium > 2955 mg/L
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Sodium Concentrations by Depth in Shiprock Site Floodplain Wells
Phase Il Profiles, Common Scales
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Use of a logarithmic x-axis scale may mask the magnitude of change in sodium concentrations with depth.
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--- mean sodium concentration in Phase Il Shiprock site floodplain data set (1341 mg/L)

bgs below ground surface
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Depth (bgs)

Potassium Concentrations by Depth in Shiprock Site Floodplain Wells
Phase Il Profiles, Unique Scales
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To provide a context for interpreting results, points are color-coded based on the distribution of potassium in the Phase Il Shiprock
site floodplain data set. The mean and standard deviation (SD) were 32.8 and 29.6 mg/L, respectively.
e potassium < 62.4 mg/L (mean + 1xSD)
62.4 < potassium < 92 mg/L (mean + 2xSD)
e potassium > 92 mg/L
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Depth (ft bgs)
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Potassium Concentrations by Depth in Shiprock Site Floodplain Wells
Phase Il Profiles, Common Scales
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Use of a logarithmic x-axis scale may mask the magnitude of change in potassium concentrations with depth.
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--- mean potassium concentration in Phase Il Shiprock site floodplain data set (32.8 mg/L)
bgs below ground surface
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Depth (bgs)

Calcium Concentrations by Depth in Shiprock Site Floodplain Wells
Phase Il Profiles, Unique Scales
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To provide a context for interpreting results, points are color-coded based on the distribution of calcium in the Phase Il Shiprock site
floodplain data set. The mean and standard deviation (SD) were 308 and 135 mg/L, respectively.

e calcium <443 mg/L (mean + 1xSD)
calcium > 443 mg/L (no results exceeded the mean + 2xSD, 578 mg/L)
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Depth (ft bgs)

Calcium Concentrations by Depth in Shiprock Site Floodplain Wells
Phase Il Profiles, Common Scales
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--- mean calcium concentration in Phase Il Shiprock site floodplain data set (308 mg/L)
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Depth (bgs)

Magnesium Concentrations by Depth in Shiprock Site Floodplain Wells

Phase Il Profiles, Unique Scales
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To provide a context for interpreting results, points are color-coded based on the distribution of magnesium in the Phase Il Shiprock

site floodplain data set. The mean and standard deviation (SD) were 382 and 416 mg/L, respectively.

e magnesium < 798 mg/L (mean + 1xSD)
798 < magnesium < 1215 mg/L (mean + 2xSD)
e magnesium > 1215 mg/L
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Magnesium Concentrations by Depth in Shiprock Site Floodplain Wells
Phase Il Profiles, Common Scales
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Use of a logarithmic x-axis scale may mask the magnitude of change in magnesium concentrations with depth.
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--- mean potassium concentration in Phase Il Shiprock site floodplain data set (382 mg/L)
bgs below ground surface
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Depth (bgs)

Alkalinity(as CaCO3) Concentrations by Depth in Shiprock Site Floodplain Wells
Phase Il Profiles, Unique Scales
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To provide a context for interpreting results, points are color-coded based on the distribution of alkalinity in the Phase Il Shiprock
site floodplain data set. The mean and standard deviation (SD) were 403 and 199 mg/L, respectively (rounded).
e alkalinity < 602 mg/L (mean + 1xSD)
602 < alkalinity < 801 (mean + 2xSD)
o alkalinity > 801 (well 0735 only)
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Alkalinity (as CaCO3) Concentrations by Depth in Shiprock Site Floodplain Wells

Phase Il Profiles, Common Scales
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--- mean alkalinity (as CaCQs3) concentration in Phase Il Shiprock site floodplain data set (403 mg/L)
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Depth (bgs)

Dissolved Organic Carbon Concentrations by Depth in Shiprock Site Floodplain Wells
Phase Il Profiles, Unique Scales
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To provide a context for interpreting results, points are color-coded based on the distribution of DOC in the Phase Il Shiprock site
floodplain data set. The mean and standard deviation (SD) were 5.7 and 5 mg/L, respectively.

e DOC <10.7 mg/L (mean + 1xSD)
10.7 < DOC < 15.6 (mean + 2xSD)
e DOC > 15.6
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Total Organic Carbon Concentrations by Depth in Shiprock Site Floodplain Wells
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Depth (bgs)

Dissolved Iron Concentrations by Depth in Shiprock Site Floodplain Wells
Phase Il Profiles, Unique Scales

0610 0611 0612 0613 0614 0617

' i i
06 -0.4-02 00 02 04 08 -0.25 0.00 025 0.50

0618 0619 0620 0621 0622 0626
10- 91 7 . s.c] - §
12 10- g e 10
1E-I 13- 15" ............................. 121 10.0 15]
g - Ll L L Lol 18 | 16 1 ) | | | | | , 2B Ll L1 Lt 2
-0.25 0.00 025 0.50 0.4 -02 00 02 04 06 -0.25 0.00 025 050
0627 0735 0792
= |
04 08 -0.25 0.00 025 0.50 -0.25 0.00 025 050
0857 1008 1009 1010 1012 1105
: 1 ] 104 8
5 7 PR [Ty . 121 .............................
T8 T 201 16-
- 1 1 1 1 ' 1 1 1 1 1 1 1 ' v 204 ' 1 1 1 1
-0.25 0.00 025 0.50 04 -02 00 02 04 08 -0.25 000 025 050 -04 -02 00 02 04 06
1126 1127 1134 1135
i . ,{ 6-
10 1 &
1 1 124 42 10
22— 12— ¢ EEEIEmESEEEERE 4 - e R R e S S S S
04 -02 00 02 04 08 -0.25 0.00 025 050 -0.25 0.00 025 0.50 0.050.050.053.053.0548.055 -0.25 000 025 050 -04 -02 00 02 04 06
1136 1137 1138 1139 1141 1143
: ]
9 o 10
10 9
(ER SRSl | [ [ P[] ] 1 10 125I .............. .
-02 00 02 04 08 010 012 014 018 -0.25 000 025 050 -04 -02 00 02 04 06
Dissolved Fe (mg/L)
|  Screened interval
----- Bedrock contact
Mancos Shale
o BDL result
U.S. Department of Energy Variation Project Final Report
June 2018 Doc. No. S16662

Page E-28



Depth (bgs)

Total Iron Concentrations by Depth in Shiprock Site Floodplain Wells
Phase Il Profiles, Unique Scales
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Depth (bgs)

pH by Depth in Shiprock Site Floodplain Wells
Phase Il Profiles, Unique Scales
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Appendix E-2

Vertical Profiles by Well
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Sampling Suite Category
® SC and Chemical Profiles Only
[ ] SC, Chemical, and Rn-222 Profiles
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Indicates We.” Loc}atnon Subsequently U.S. DEPARTMENT OF ENERGY | oy o110 Research & Engineering, Inc.
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Figure duplicated from Figure 39 of the main text.

Sample Location Map: Shiprock Site Floodplain Wells Profiled in Phase I
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Depth (bgs)

Phase Il SC and Analyte Profile Results: October 2015
Shiprock Site Floodplain Well 0610

sSC Uranium Sulfate Chloride
4 4 4 4
G G G G
8 8 8 g \‘\I
8500 5000 9500 0.55 0.60 0.65 0.70 4500 5000 5100 5200 5300 5400 5500 210 215 220 225 230 235
Sodium Potassium Calcium Magnesium
4 4 4 4
G G G G
8 8 8 8 \\1
1150 1200 1250 1300 975 1000 1025 1050 515 520 525 800 B840 830
Doc TOC Dissolved Fe Total Fe
4 4 4 4
G G G G
8 8 8 8
68 T2 76 650 675 TFO0 725 750 04 02 00 02 04 0604 02 00 02 04 06
Alkalinity Mitrate as NO, pH
4 4 4
6 6 6
8 \‘\ 8 w 8
200 220 240 260 280 1410 1440 1470 1500 770 775 T80 785
Result
Notes:

| screened interval*
o Hollow symbol denotes result below detection limit.
e Red symbols denote results exceeding corresponding standard:
0.044 mg/L uranium; 2000 mg/L sulfate; and 44 mg/L nitrate as NO3

Well location shown in inset to right (adapted from Figure 39 of main text)
All units in mg/L except SC (uS/cm) and pH; alkalinity as CaCOs.

*The April 2016 downhole video indicated that the screen was about 1 ft
higher than the placement indicated in the well log (Appendix B,
Table B.2.3). If this is the case, half of the profile measurements were
taken from the sump.

Abbreviations

bgs below ground surface
DOC dissolved organic carbon
Fe iron

SC specific conductance
TOC total organic carbon
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Phase Il SC and Analyte Profile Results: October 2015
Shiprock Site Floodplain Well 0611

Uranium Sulfate

I I I I I I I I 1 1 I I I 1
8500 5700 9800 9900100000100 0.006 0.008 0.010 4550 4500 48650 4700 4750

Sodium Potassium Calcium

1 1 1 1 I I I I 1
2620 2540 2660 2680 12.25 12.50 12.75 13.00 13.25 145 150 155 160 165 17
Doc TOC Iron_D

1 1 I 1 I I I I
3590 385 400 405 410 350 385 400 405 410 -04 -02 00 02 04 06

Alkalinity Mitrate

1 1 1
540 550 580 2 4 6 ] 8.1 8.2 8.3 8.4
Result

Notes:
All units in mg/L except SC (uS/cm) and pH; alkalinity as CaCOs.
| screened interval*

Chloride

1 I 1 1 I
470.0 472.5 475.0 477.5 480.0

Magnesium

Iron

""" bedrock contact; Mancos Shale Location Map

e Red symbols denote results exceeding corresponding standard:
0.044 mg/L uranium; 2000 mg/L sulfate; and 44 mg/L nitrate as NO3
o Hollow symbol denotes result below detection limit.

Well location shown in inset to right (adapted from Figure 39 of main text)

*The April 2016 downhole video indicated that the screen was about 1.5 ft
higher than the placement indicated in the well log (refer to Appendix B,
Table B.2.3).

Abbreviations

bgs below ground surface

DOC dissolved organic carbon

Iron_D dissolved iron (followed by total iron)
SC specific conductance

TOC total organic carbon
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Depth (bgs)

Phase Il SC and Analyte Profile Results: October 2015
Shiprock Site Floodplain Colocated Well Pair 0610 (orange) and 0611 (blue)

sC Uranium Sulfate Chloride
B B G
9 9 ._\‘> 9 l'\I
12 12 12
15 1 1 1 15-1 1 1 1 15 1 1 1 1 -1 1 1
2500 5000 5500 10000 0.0 0.2 0.4 05 4750 5000 5250 5500 200 300 400
Sodium Potassium Calcium Magnesium
] ] G G
*u,
9 9 9 9 b
-12 ...................................... -12 ....................................... 12 ...................................... 12 ......................................
15- ! ' ! 15- ' ! ' ! 15- ! ! ' ! - ! ' '
1500 2000 2500 25 50 75 100 200 300 400 500 250 500 750
DOC TOC Iron_D Iron
] ]

Alkalinity Mitrate

1 1 1 [ 1 1 1
200 300 400 500 600 0 500 1000

bgs below ground surface

Fe iron

SC specific conductance

| Well screens shown to left of each plot

----- bedrock contact; Mancos Shale
o Hollow symbol denotes result below detection limit.

F,

Notes:
Well locations shown in inset to right (adapted from Figure 39 of main text)
All units in mg/L except SC (uS/cm) and pH; alkalinity as CaCOs.

*The April 2016 downhole videos suggested that screens in both wells are
higher than the placement indicated in the corresponding well logs
(Appendix B, Table B.2.3).

Location Map
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Depth (bgs)

Phase Il SC and Analyte Profile Results: October 2015
Shiprock Site Floodplain Well 0612

5C Uranium Sulfate Chloride
] ] ] ]
[
[
- -
Gqe 8 8 8
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L ]
L
10 7 10 10 10
L]
L ]
2000 4000 5000 0.1 0.2 1000 2000 3000 50 100 150
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] ] ] ]
-
] 8 8 8
10 10 10 10
250 500 750 ] 3 10 12 100 200 300 400 500 100 200 300
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Alkalinity Mitrate pH
B B B
- - -
8 8 8
10 10 10
s
1 1 1 1 1 1 1 1 1 'I. 1 1
200 400 800 300 06 08 10 12 76 78 &0 82
Result
Notes:
All units in mg/L except SC (uS/cm) and pH; alkalinity as CaCOj3 and nitrate as NOs. Location Map

| screened interval

e vertical profile results using low-flow sampling methods

e Red symbols denote results exceeding corresponding standard or background level:
0.044 mg/L uranium; 2000 mg/L sulfate (background); and 44 mg/L nitrate as NO3

e SC measurement or mid-screen sample result after high-volume purging of well
o result below detection limit

Well location shown in inset to right (adapted from Figure 39 of main text)

Abbreviations

bgs below ground surface
DOC dissolved organic carbon
Iron_D iron

SC specific conductance
TOC total organic carbon

U.S. Department of Energy Variation Project Final Report
June 2018 Doc. No. S16662
Page E-37



Depth (bgs)

Phase Il SC and Analyte Profile Results: October 2015
Shiprock Site Floodplain Well 0613

sC Uranium Sulfate Chloride
57 51 57 51
£ 61" £ B 1
7 71 7 71
81 g1 g 81
94 91 9 91
10- I ; ; I 10 I ; I 10- ; I ; 107, I ; ; 1
12500 15000 17500 20000 22500 2 3 4 10000 12500 15000 325 350 375 400 425
Sodium Potassium Calcium Magnesium
57 51 51 51
iy il G il
7 71 7 71
2 81 81 81
94 91 9 91
10 T T T 10 T T T T . 1o- T T T T T 10+ T T T 1
1800 2200 2600 3000 150 160 170 180 190 200 485 450 455 500 505 510 1200 1800 2000 2400 2800
DoC TOC Iron_D Iran
5 5 5 5
6 G G 6
7 7 7 7
8 8 8 8
9 9 9 9
10, T T T .10 T T T T 10 T T T T L0 T T T f
20 25 30 35 40 200 25 30 35 40 04 -02 00 02 04 08 0100 0105 0110 0415 0120
Alkalinity Mitrate pH
5 5 5
6 6 6
7 T T
8 ] ]
9 9 9
10, T T T 10 T T T 10 T T T
600 800 1000 1200 700 725 750 7.70 772 774
Result
Notes:

All units in mg/L except SC (uS/cm) and pH; alkalinity as CaCOj3 and nitrate as NOs.
| screened interval

e Red symbols denote results exceeding corresponding standard or background level:
0.044 mg/L uranium; 2000 mg/L sulfate; and 44 mg/L nitrate as NO3

o result below detection limit Location Map

Well location shown in inset to right (adapted from Figure 39 of main text)

Abbreviations

bgs below ground surface
DOC dissolved organic carbon
Iron_D iron

SC specific conductance
TOC total organic carbon

Disposal
“Cell
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Phase Il SC and Analyte Profile Results: October 2015
Shiprock Site Floodplain Well 0614

I I
5000 12000 15000

Sodium

1 I 1 I
1000 1500 2000 2500
Doc

Alkalinity

Notes:

Uranium

Sulfate Chloride

1 I I I 1 1 1
1.0 1.4 1.8 22 4000 6000 8000 10000 200 300 400

Mitrate

7.5-

10.0

Calcium Magnesium

I 1 1 1 I
600 500 1200 1500 1800

Iran_D Iran

I 1
-04 02 00 02 04 08 -04 -02 00 02 04 08

pH Rn-222

I 1 I 1 1
175 200 225 250 275

All units in mg/L except SC (uS/cm) and pH; alkalinity as CaCOj3 and nitrate as NOs.

| screened interval

---- bedrock contact Mancos Shale

e Red symbols denote results exceeding corresponding standard or background level:
0.044 mg/L uranium; 2000 mg/L sulfate; and 44 mg/L nitrate as NO3

o result below detection limit

Well location shown in inset to right (adapted from Figure 39 of main text)

Abbreviations

bgs below ground surface
DOC dissolved organic carbon
Iron_D iron

Rn-222 radon-222

SC specific conductance
TOC total organic carbon

Location Map

O il ™
Disposal
Cell I
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Depth (bgs)

o
f=1

Phase Il SC and Analyte Profile Results: October 2015
Shiprock Site Floodplain Colocated Well Pair 0613 (orange) and 0614 (blue)

3C

10000 15000 20000

Sodium

Uranium

Potassium

Chloride

4000 8000 12000 16000 200 300 400

Calcium Magnesium

~
n

1000 1500 2000 2500 3000
Doc

10 20 30 40
Alkalinity

I I 1 1
300 600 800 1200

Notes:

All units in mg/L except SC (uS/cm) and pH; alkalinity as CaCO3 and nitrate as NOs.
| screened interval

bedrock contact

o result below detection limit

Well location shown in inset to right (adapted from Figure 39 of main text)

Abbreviations

bgs

below ground surface

5.0
75
10.0
125

DOC dissolved organic carbon
Iron_D iron
Rn-222 radon-222

SC

TOC

specific conductance
total organic carbon

Mancos Shale

Mitrate

1
To0

440 480 480 500 500 1000 1500 2000 2500

Iron_D Iron
5.0 5.0
75 75
10.0 10.0
12.5 125
15.0 15.0
04 02 00 02 04 06 0.100 0.105 0110 0.115 0.120
pH Rn-222
5.0
75
10.0
125
15.0
74 75 78 77 T8 17.5 20.0 225 250 27°%
Result

Location Map

Disposal
Cell
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Depth (bgs)

Phase Il SC and Analyte Profile Results: October 2015
Shiprock Site Floodplain Site Well 0617

sC Uranium Sulfate Chloride
] G ] ]
8 8 K 8 8
S
10 10 > 10 10
8000 5000 10000 04 0.5 08 0.7 5000 5500 6000 80 100 120 140 160
Sodium Potassium Calcium Magnesium
] G ] ]
8 8 8 8
10 10 10 10
1500 1600 1700 1800 1900 44 45 48 430 435 440 445 450 300 400 500 600 TOO
DOC T Iran_D Iron
] G ] ]
8 8 8 8
10 10 10 10
4 5 6 7 8 4 5 6 7 8 98 04 02 00 02 04 06 01 02 03 04 05
Alkalinity Mitrate pH
] G ]
8 g 8
10 10 10
400 500 600 TO0O 25 50 75 100 76 78 8.0 82
Result

Notes:

All units in mg/L except SC (uS/cm) and pH; alkalinity as CaCOs.

| screened interval

o below detection limit

e result exceeds corresponding 40 CFR 192 MCL or site standard
e 0.044 mg/L uranium
e 2000 mg/L sulfate
e 44 mg/L nitrate as NO3

Well location shown in inset to right (adapted from Figure 39 of main text)

Abbreviations:
bgs below ground surface
DOC dissolved and total organic carbon
Iron_D dissolved iron (followed by total iron)
SC specific conductance
TOC total organic carbon

Location Map
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Phase Il SC and Analyte Profile Results: October 2015
Shiprock Site Floodplain Site Well 0618

sC Uranium Sulfate

10- 10- 10-

N N |

D= D= Dl

y

20-

1 1 1 1 1 1 1 1
fo00 8000 S000 1000011000 0.4 0.5 0.6 0.7 4000 5000 6000 7OOO &000

Sodium Potassium Calcium

“ t
1E-J 15J ‘\ 15—]

Doc TOC Dissolved

10- 10- 10-

N N N

Fe

D= D= D=

1 1
4 5 6 7 8 4 5 & TF & 8 -0.25 0.00

Alkalinity Mitrate as MO, pH

Notes:

All units in mg/L except SC (uS/cm) and pH; alkalinity as CaCOs.
| screened interval

- bedrock contact Mancos Shale

o below detection limit

e result exceeds corresponding 40 CFR 192 MCL or site standard
e 0.044 mg/L uranium
e 2000 mg/L sulfate
e 44 mg/L nitrate as NO3

Well location shown in inset to right (adapted from Figure 39 of main text)

Abbreviations:
bgs below ground surface
DOC
Fe iron
SC specific conductance
TOC dissolved and total organic carbon

1
0.25

1
0.50

Chloride

..... s
100 125 150 175
Magnesium
.......... L

400 600 200
Total Fe
G [ P .
0 1 2 3

U.S. Department of Energy
June 2018
Page E-42

Variation Project Final Report
Doc. No. S16662



Phase Il SC and Analyte Profile Results: October 2015
Shiprock Site Floodplain Colocated Well Pair 0617 (orange) and 0618 (blue)

sC Uranium Sulfate
5.0 5.0 5.0
?.EE| ?.5] ?.55|i
10.0 10.0 10.0
125 125 125
15.0 15.0 15.0
175- I ; . 17.5- ; ; ; L 175+, ; I
7000 2000 B'IJIJEI 10000 11000 045 055 085 IJ.T"S 4000 5000 EEIEIEI T0O0 2000
Sodium Potassium Calcium
5.0 5.0
?.5] ?.EE|
10. EJ 10.0 10.0
12. 5 125 125
15. D 15.0 15.0
W 175- , 175, , , , 1756-%, , ,
o 1500 1750 zunn 2‘250 40 45 50 55 400 420 440
EQ DoC TOC Iron_D
1]
el 5.0
10. D 10.0 10.0
12. 5 12. 5 125
15. D 15. [J 15.0
1T5_ 1 ‘1?5- 1 1 1 1 1 1 ‘1?5_ 1 1 1 1 1 1

Alkalinity Mitrate pH
5.0
10. EJ 10.0 10.0
12. 5 12. 5 125
15. [J 15. [J 15.0
175- 17.5- ; : 175~ | | | I
300 4UIJ SIJIJ EIJIJ T"IJEI 0 10 20 30 78 7.8 3.0
Result

Notes:

All units in mg/L except SC (uS/cm) and pH ; alkalinity as CaCOs.

| screened interval
o below detection limit

Well location shown in inset to right (adapted from Figure 39 of main text)

Abbreviations:
bgs below ground surface
DOC dissolved and total organic carbon
Iron_D dissolved iron (followed by total iron)
SC specific conductance
TOC total organic carbon

0.05 0.06 0.07 0.08 0.09 0.10

8.2

Location Map
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Depth (bgs)

Phase Il SC and Analyte Profile Results: October 2015
Shiprock Site Floodplain Site Well 0619

sC Uranium Sulfate
7- 7-
7.5~
g 9
10.0 11 11
125 13 13
150- 1 1 1 1 '15‘ 1 1 1 1 15‘ 1 1 1 1
5000 T0OO 2000 S000 0.02 0.09 010 04 3000 3200 3400 3500
Sodium Potassium Calcium
7- 7- 7-
9 g 9
11 11 11
13 13 13
15— 1 1 1 '15‘ 1 1 1 15‘ 1 1 1
1300 1400 1500 20 22 24 220 240 280
DOC TOC Iron_D
?‘\‘\ 7. T-
9 g 9
11 11 11
13 13 \\. 13
15' 1 1 1 1 '15' 1 1 1 1 15‘1 1 1 1 1
30 35 40 45 3.0 35 4.0 45 04 02 00 02 04 06
Alkalinity Mitrate pH
7- 7- 7-
9 g 9
11 11 11
13 13 13
15' 1 1 1 1 1 1 '15' 1 1 1 15'| 1 1 1
300 400 500 &00 FOO 200 1 2 3 78 8.0 32 84
Result
Notes:

All units in mg/L except SC (uS/cm) and pH; alkalinity as CaCOs.
| screened interval
- bedrock contact
o below detection limit
e result exceeds corresponding 40 CFR 192 MCL or site standard
e 0.044 mg/L uranium
e 2000 mg/L sulfate

e 44 mg/L nitrate as NO3
Well location shown in inset to right (adapted from Figure 39 of main text)

Mancos Shale

Abbreviations:
bgs below ground surface
DOC dissolved and total organic carbon
Iron_D dissolved iron (followed by total iron)
SC specific conductance
TOC total organic carbon

Chloride
;.‘_

15-1 1 1 1 [ 1
80 95 100 105 110 115

Magnesium

15-

1
100 125 150

Iran
?_

13

115~ [ 1 1 1

Location Map
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Phase Il SC and Analyte Profile Results: October 2015
Shiprock Site Floodplain Site Well 0620

Uranium Sulfate Chloride

20 - v 20- 1 1 1 1 v 20 - 1 |

1 I I 1 I 1 I 1 I 1 I
4250 4500 4750 5000 5250 0.0240.0260.0280.0300.032.034 1800 1850 2000 2050 2100 100 200 300

Sodium Potassium Calcium Magnesium

W
o)) ' ' ' ' '
= 820 8510 1000 180 200 220 240 40 50 60 7O 80 S0
=
=l Iran_D Iron
a
5-
10-
15‘|
20 1 1 1 [ 20 1 1 1 [ 205 1 1 1 1 1 209 1 1 1 1 1
13 14 15 18 17 18 13 14 15 186 17 18 -04 -02 00 02 04 06 -04 -02 00 02 04 08

Alkalinity

Result

Notes:

All units in mg/L except SC (uS/cm) and pH; alkalinity as CaCOs.
| screened interval

- bedrock contact Mancos Shale

o below detection limit
e result exceeds corresponding 40 CFR 192 MCL or site standard
e 0.044 mg/L uranium
e 2000 mg/L sulfate
e 44 mg/L nitrate as NO3
Well location shown in inset to right (adapted from Figure 39 of main text)

Abbreviations:
bgs below ground surface
DOC dissolved and total organic carbon
Iron_D dissolved iron (followed by total iron)
SC specific conductance
TOC total organic carbon
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Specific Conductivity and Chemical Profiles of Shiprock Floodplain
Wells 0857 and 1136-1139: July 2013

Introduction

This report documents the results of specific conductivity profiles and sampling and analysis of
Shiprock central floodplain wells 0857, 1136, 1137, 1138, and 1139 (see map inset below). A
catalyst for this effort was observed increases in contaminant concentrations (uranium, sulfate,
and nitrate) in these but not other nearby wells. Uranium concentrations in these wells have more
than doubled since March 2010 (Exhibit 1). Similar trends are apparent for other contaminants of
concern (COCs): sulfate, nitrate and, although low relative to regulatory criteria, selenium.
Profiling of nearby well 0618 (about 400 ft west of well 0857) in 2012 and early 2013 indicated
vertical stratification in the aquifer in this region. Results of this initial profiling also indicated
that some of the variability in historical results could be due to sampling of different strata. To
help elucidate the potential causes for the recent increases in the 0857 and 1136-1139 well
subset, profiling was conducted in July 2013 as described below.

= 2000 - »1138

1800 . Uranium (ug/L)

—o— 0857 1137

1600 - —o—1136
—&— 1137
1400 - ——1138
—a— 1130
1200 - m 1139

--- UMTRCA MCL

1000 -

800 -

600 -

Exhibit 1. Locations and Historical Uranium Results for Shiprock Central Floodplain Well Subset.

Wells profiled in July 2013 are highlighted in the inset map. Recent increases in concentrations shown
for uranium are similar in relative magnitude to those observed for other COCs.

Methods

Field work was conducted from July 22 through July 26, 2013. Specific conductivity profiles
were run by slowly lowering a sonde (InSitu Troll 200) down the well stopping at each 0.5-foot
interval. The sonde was left at the target depth until specific conductivity and temperature
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readings were stable. Specific conductivity, temperature, time, and depth were recorded at

each interval. Each well was developed until the turbidity in the well water was less than

10 NTU, in accordance with standard LM practices. Conductivity profiles and sampling were
conducted before and after well development. Samples for chemical analysis were pumped from
each 0.5-foot interval (at about 100 - 150 mL/min) as the sample tubing was slowly raised to
each target depth. Samples were analyzed in the Environmental Sciences Laboratory for
uranium, nitrate, selenium, sulfate, and chloride. Detailed field and laboratory methods are
provided at the end of this report.

Results

Figures 1 through 5 plot conductivity and chemical profiles for each well. In these figures,
specific conductivity and chemical data are plotted on the upper x-axis and elevation on the y-
axis. The position and length of the well screen is shown next to the y-axis. Based on historical
practices at LM sites, portions of the well most likely to be sampled (0-2.5 ft from well bottom)
are denoted by blue shading. The “a” series of these figures plot only specific conductivity, while
the “b” series plots chemical data with the conductivity profiles.

In all “b” series figures, to facilitate review relative to corresponding conductivity profiles,
results for all COCs except sulfate are plotted as a multiplier (e.g., 10x, 100x, or 1000x) of the
measured value. Unadjusted values are plotted in Figures 6 through 10, which allow comparisons
of chemical profiles between wells. The uppermost bars in these figures represent the historical
ranges of contaminants color-coded by well. As a summary, Figure 11 shows specific
conductivity profiles for all wells based on spatial location. In some cases, figures are followed
by a brief caption (in blue font below title) stating a synopsis/interpretation of the plotted data.
These figures and the supporting data indicate that:

e For the subset of wells evaluated, stratification (for both conductivity and chemical
measurements) appears to be more pronounced in wells 1136 and 0857. Well 1136 shows
significant stratification within a small range of depths. Little stratification was observed
in wells 1138 and 11309.

e Chemical stratification is most apparent for uranium and sulfate, with the greatest degree
apparent in well 1136.

e There are no consistent differences in pre- vs. post-development profiles for this well
subset. For the portions of the well most typically sampled (the lowermost 2.5 ft), post-
development profiles are generally similar to pre-development profiles.

e Specific conductivities generally increase with increasing depth. For this well subset,
conductivities ranged from 1318 microsiemens per centimeter (uS/cm) (uppermost
depths of well 1136) to between 18,000 and 20,000 uS/cm in the deeper portion of all
wells.

Stratification could be related to a number of factors including: well depths, well construction,
proximity to pumped wells, proximity to the river, or saturated thickness. The relationship of
well stratification to chemical conditions in the aquifer is a main focus of the ongoing LTSOM
variation study.
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Figure List

Figure 1. Specific Conductivity and Chemical Profiles for Well 0857, Pre- and Post- Well
Development

Figure 2. Specific Conductivity and Chemical Profiles for Well 1136, Pre- and Post- Well
Development

Figure 3. Specific Conductivity and Chemical Profiles for Well 1137, Pre- and Post- Well
Development

Figure 4. Specific Conductivity and Chemical Profiles for Well 1138, Pre- and Post- Well
Development

Figure 5. Specific Conductivity and Chemical Profiles for Well 1139, Pre- and Post- Well
Development

Figure 6. Pre- vs. Post Well Development Profiles for Uranium, All Wells
Figure 7. Pre- vs. Post Well Development Profiles for Sulfate, All Wells

Figure 8. Pre- vs. Post Well Development Profiles for Nitrate as NOs, All Wells
Figure 9. Pre- vs. Post Well Development Profiles for Selenium, All Wells
Figure 10. Pre- vs. Post Well Development Profiles for Chloride, All Wells
Figure 11. Comparison of Conductivity Profiles Across Well Subset

Abbreviations

amsl above mean sea level

BTOC below top of casing

Cl chloride

DTW depth to water (as measured from top of casing)

pg/L micrograms per liter

mg/L milligrams per liter

Pre-Dev pre- well development measurement

Post-Dev post- well development measurement, for this well subset between 54, 55-64
hours after development

Hist in chemical-specific plots (Figures 6-10), refers to range of historical
measurements based on biannual sampling

MCL maximum concentration limit

puS/cm microsiemens per centimeter

NO3 nitrate (as NO3)

SC specific conductivity

Se selenium

SHP Shiprock

UMTRCA  Uranium Mill Tailings Radiation Control Act

Definition of Terms

Typical Sample Depths — generally, historically taken from within 0 to 2.5 ft from well bottom
“Dead Zone” — area between the bottom of the screened interval and the bottom of well casing
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Figure la. SHP Well 0857, Specific Conductivity (pS/cm)
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Figure 1b. Specific Conductivity (pS/cm) and Chemical Data Profiles
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Figure 1. Specific Conductivity and Chemical Profiles for Well 0857, Pre- and Post- Well Development

For both specific conductivity and chemical measurements, stratification is apparent in the lowermost portion of the
well. Except for selenium, for which concentrations oddly decrease at lower depths, chemical profiles generally
parallel the conductivity profiles.
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Figure 2a. SHP Well 1136: Specific Conductivity (uS/cm)
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Figure 2b. Specific Conductivity (uS/em) and Chemical Data Profiles
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Figure 2. Specific Conductivity and Chemical Profiles for Well 1136, Pre- and Post- Well Development

For both specific conductivity and chemical measurements, vertical stratification is apparent throughout the water
column. Stratification is most pronounced for uranium, which increases about 5-fold in the lower half of the screened
interval. In Figure 2b, results for all COCs except sulfate are plotted as a multiplier (10x or 1000x) of the measured
value; unadjusted values are plotted in Figures 6 through 10.
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Figure 3a. SHP Well 1137: Specific Conductivity (uS/cm)
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Figure 3b. Specific Conductivity (uS/cm) and Chemical Data Profiles
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Figure 3. Specific Conductivity and Chemical Profiles for Well 1137, Pre- and Post- Well Development

Pre- and post-development conductivity profiles differ in upper portion of the well. This is also apparent for uranium
and to a lesser extent sulfate. Little stratification is apparent for remaining COCs.
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Figure 4a. SHP Well 1138: Specific Conductivity (uS/cm)
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Figure 4b. Specific Conductivity and Chemical Data Profiles
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Figure 4. Specific Conductivity and Chemical Profiles for Well 1138, Pre- and Post- Well Development

Except for the pre- well development conductivity profile, well 1138 is not as stratified as most other wells.
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Figure 5a. SHP Well 1139: Specific Conductivity (pS/cm)
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Figure 5h. Specific Conductivity and Chemical Data Profiles
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Figure 5. Specific Conductivity and Chemical Profiles for Well 1139, Pre- and Post- Well Development

Similar to the well 1138 profiles (Figure 4), well 1139 is not as stratified as most other wells in this subset.

Page F-9



Elevation (ft amsl)

Elevation (ft amsl)

Uranium (ug/L)
0 500 1,000 1,500 2,000 2,500

4878

Hist 0857
——Hist 1136

——Hist1137
4876

= Hist 1138
A/_\ Hist 1139
—r— 0857, Pre-Dev
—O—0857, Post-Dev
—&— 1136, Pre-Dev
4874

—~—% —#— 1136, Post-Dev
—— 1137, Pre-Dev
—@—1137, Post-Dev
—r—1138, Pre-Dev
—0—1138, Post-Dev
4872 - —#r—11239, Pre-Dev
—C—1139, Post-Dev
----- UMTRCA MCL

Figure 6. Pre- vs. Post Well Development Profiles for Uranium, All Wells
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Figure 7. Pre- vs. Post Well Development Profiles for Sulfate, All Wells
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Figure 8. Pre- vs. Post Well Development Profiles for Nitrate as NOs, All Wells
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Figure 9. Pre- vs. Post Well Development Profiles for Selenium, All Wells
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Figure 10. Pre- vs. Post Well Development Profiles for Chloride, All Wells
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Figure 11. Comparison of Conductivity
Wells ordered based on spatial location (see photo inset).
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Profiles Across Well Subset
Stratification is most pronounced in well 1136,

and less pronounced in wells 1138 and 1139.
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Methods

Field work was conducted from July 22 through July 26, 2013. Downhole equipment including
sampling tubes and SOARS sensors were removed from each well. Care was taken during
equipment removal to minimize disruption to the water column in the well. The wells were
allowed to sit, generally overnight, after equipment removal. Profiles were run by slowly
lowering a sonde (InSitu Troll 200) down the well stopping at each 0.5-foot interval. The sonde
was left at the target depth until the specific conductivity and temperature readings were stable.
Specific conductivity, temperature, time, and depth were recorded at each interval. Profiles and
sampling were conducted before and after well development.

Sampling was conducted using a peristaltic pump starting near the bottom of the well. Samples
were pumped from each 0.5-foot interval as the sample tubing was slowly raised to each target
depth. Samples were collected by pumping at about 100 - 150 mL/min. A thin (3/16-inch ID)
tube was used to limit disruption to the water column. The thin tube also allowed for a minimal
amount of purge between samples. Approximately 100 -200 mL of well water were purged (100
mL minimum) between each sample collection. Samples were not filtered in the field and were
collected in 50-mL plastic bottles for transport to the laboratory. Samples were kept cool in an
ice chest with blue ice until reaching the laboratory and then were placed in a refrigerator.

Well development followed standard LM procedures. A surge block was used to gently agitate
the water column. A peristaltic pump was used to remove water from the well at about 4 to 5
liters per minute. In some wells, the surging and pumping were done several times. Samples
were checked for turbidity and the development process was terminated when the turbidity was
less than or equal to 10 NTU.

Samples were filtered at the laboratory through 0.45 uM filters. Samples were acidified to a pH
value of less than 2 with nitric acid for uranium and selenium analyses. Chloride, sulfate, and
nitrate were conducted on filtered, but unacidified splits. Uranium was analyzed by kinetic
phosphorescence and selenium by hydride-generation inductively-coupled-plasma optical
emission spectrometry. Chloride, sulfate, and nitrate were analyzed by ion chromatography.
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Analytical Results
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Well Sample ID Date Depth Elevation Sp Cond Temp cl NO; S04 V] Se

(ft btoc) (uS/cm) (°C)  (mg/L) mg/L) (mg/L) (ug/L) (mg/L)

857 857-11 7/23/2013 11 4883.0 6522 19.33 117 42.2 3720 526 5.4
857 857.11.5 7/23/2013 11.5 4882.5 6568 18.73 129 45.2 3750 479 6.0
857 857-12 7/23/2013 12 4882.0 6606 184 123 42.4 3770 540 6.0
857 857-12.5 7/23/2013 125 4881.5 6715 17.96 125 394 3860 539 7.5
857 857-13 7/23/2013 13 4881.0 6811 17.72 126 37.6 3920 551 8.5
857 857-13.5 7/23/2013 135 4880.5 6912 17.49 131 36.5 4070 569 11
857 857-14 7/23/2013 14 4880.0 7117 17.22 133 354 4120 586 11
857 857-14.5 7/23/2013 145 4879.5 7253 17.04 138 36.9 4200 616 14
857 857-15 7/23/2013 15 4879.0 7467 16.85 138 375 4470 632 16
857 857-15.5 7/23/2013 155 4878.5 7830 16.68 156 446 4920 693 22
857 857-16 7/23/2013 16 4878.0 8671 16.51 168 50.6 5040 748 28
857 857-16.5 7/23/2013 16.5 4877.5 9299 16.35 178 554 5310 827 30
857 857-17 7/23/2013 17 4877.0 9517 16.14 182 60.2 5430 802 34
857 857-17.5 7/23/2013 17.5 4876.5 10809 16 188 66.1 5580 825 32
857 857-18 7/23/2013 18 4876.0 11528  15.88 193 71.7 5650 857 32
857 857-18.5 7/23/2013 18.5 4875.5 11963 15.77 195 73.1 5700 850 32
857 857-19 7/23/2013 19 4875.0 12579 15.6 216 94.4 6030 938 29
857 857-19.5 7/23/2013 19.5 4874.5 14733 15.49 247 125 6580 1020 24
857 857-20 7/23/2013 20 4874.0 16329  15.43 337 196 7560 1100 16
857 857-20.5 7/23/2013 20.5 4873.5 16605 15.36 467 352 9370 1100 4.4
857 857-21 7/23/2013 21 4873.0 16694 153 521 428 9870 1240 1.2
857 857-11 7/26/2013 11 4883.0 6671 22.61 191 79.4 5600 807 36
857 857.11.5 7/26/2013 11.5 4882.5 6924 212 201 69.2 5640 693 36
857 857-12 7/26/2013 12 4882.0 7566 18.14 188 78.6 5600 811.1 36
857 857-12.5 7/26/2013 125 4881.5 7740 18.07 186 63.6 5580 799 36
857 857-13 7/26/2013 13 4881.0 7757 17.93 187 63.5 5620 804 36
857 857-13.5 7/26/2013 13.5 4880.5 7759 17.78 187 63.6 5580 816 36
857 857-14 7/26/2013 14 4880.0 7789 17.56 187 62.3 5580 812 36
857 857-14.5 7/26/2013 14.5 4879.5 7809 17.39 185 61.7 5550 816 36
857 857-15 7/26/2013 15 4879.0 8124 17.2 185 614 5570 813 36
857 857-15.5 7/26/2013 15.5 4878.5 8146 17.02 186 61 5590 797 36
857 857-16 7/26/2013 16 4878.0 8164 16.85 183 60.8 5530 806 35
857 857-16.5 7/26/2013 16.5 4877.5 8181 16.69 188 63.3 5610 822 35
857 857-17 7/26/2013 17 4877.0 8210 16.54 191 659 5690 850 34
857 857-17.5 7/26/2013 17.5 4876.5 8714 16.36 196 69.8 5770 878 33
857 857-18 7/26/2013 18 4876.0 9113 16.16 198 719 5820 867 32
857 857-18.5 7/26/2013 18.5 4875.5 9975 15.98 203 76.3 5870 813 32
857 857-19 7/26/2013 19 4875.0 10657  15.86 217 107 6160 916 30
857 857-19.5 7/26/2013 19.5 4874.5 10961 15.75 275 142 6920 876 22
857 857-20 7/26/2013 20 4874.0 12930 15.64 350 218 7950 990 16
857 857-20.5 7/26/2013 20.5 4873.5 13310 15.56 459 345 9460 1100 7.3
857 857-21 7/26/2013 21 4873.0 13427  15.45 497 390 10000 1150 3.8
1136 1136-10  7/23/2013 10 4882.5 1318 19.56 32.2 11.3 522 247 1

1136 1136-10.5 7/23/2013 10.5 4882.0 2810 17.15 79.8 60 1500 787 1

1136 1136-11 7/23/2013 11 4881.5 4699 16.3 103 100 2090 107 11
1136 1136-11.5 7/23/2013 11.5 4881.0 7852 15.76 124 121 2560 139 1.2
1136 1136-12 7/23/2013 12 4880.5 12954  15.27 180 179 3540 370 14
1136 1136-12.5 7/23/2013 12.5 4880.0 13281 1491 235 233 4460 541 1.6
1136 1136-13 7/23/2013 13 4879.5 13442 14.73 339 338 6380 931 2

1136 1136-13.5 7/23/2013 13.5 4879.0 13567 1459 551 558 10400 2020 3.8
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Well Sample ID Date Depth Elevation Sp Cond Temp cl NO; S04 V] Se
(ft btoc) (uS/em) (°C)  (mg/L) mg/L) (mg/L) (me/L) (ng/L)

1136 1136-14  7/23/2013 14 4878.5 13765  14.42 558 565 10600 2080 4.0

1136 1136-14.5 7/23/2013 14.5 4878.0 16673 14.19 NS NS NS NS NS

1136 1136-10.1 7/26/2013 10.1 4882.5 37.7 18.4 707 255 1
1136 1136-10.5 7/26/2013 10.5 4882.0 3578 19.07 80.1 60.4 1470 629 1
1136 1136-11 7/26/2013 11 4881.5 5960 17.43 127 124 2530 154 1
1136 1136-11.5 7/26/2013 11.5 4881.0 10171 16.55 142 140 2750 220 1.0
1136 1136-12 7/26/2013 12 4880.5 14829 16.04 201 199 3760 443 1.2
1136 1136-12.5 7/26/2013 12.5 4880.0 15263 15.62 252 251 4720 665 15
1136 1136-13 7/26/2013 13 4879.5 15507 15.19 485 489 9600 1610 3.1
1136 1136-13.5 7/26/2013 13.5 4879.0 15604  14.96 539 546 10200 2010 3.6
1136 1136-14  7/26/2013 14 4878.5 15853  14.69 545 551 10400 1950 3.7

1136 1136-14.5 7/26/2013 14.2 4878.3 16214  14.56 NS NS NS NS NS

1137 1137-10  7/23/2013 10 4881.3 5151 14.52 204 102 3950 670 1.9
1137 1137-10.5 7/23/2013 10.5 4880.8 5272 141 186 95.6 3530 476 1.6
1137 1137-11 7/23/2013 11 4880.3 5714 13.82 247 117 4960 709 2.0
1137 1137-11.5 7/23/2013 11.5 4879.8 6739 13.51 238 113 4700 698 1.6
1137 1137-12 7/23/2013 12 4879.3 8462 13.29 398 173 7860 1290 3.0
1137 1137-12.5 7/23/2013 12.5 4878.8 10061  13.12 351 155 6870 1010 2.2
1137 1137-13 7/23/2013 13 4878.3 11376  13.01 389 171 7800 1230 2.5
1137 1137-13.5 7/23/2013 13.5 4877.8 11915 12.88 385 168 7710 1160 2.3
1137 1137-14 7/23/2013 14 4877.3 12150 12.8 407 176 8230 1240 2.6
1137 1137-14.5 7/23/2013 14.5 4876.8 12371 12.73 407 175 8120 1280 2.6
1137 1137-15 7/23/2013 15 4876.3 12782 12.64 415 179 8390 1360 2.6
1137 1137-15.5 7/23/2013 15.5 4875.8 13185 12.53 418 180 8470 1430 2.7
1137 1137-16  7/23/2013 16 4875.3 13360  12.42 420 181 8510 1340 2.8
1137 1137-16.5 7/23/2013 16.5 4874.8 13446 123 431 185 8640 1420 3.1
1137 1137-17  7/23/2013 17 4874.3 16124  12.07 472 199 9550 1640 5.3

1137 1137-17.5 7/23/2013 17.5 4873.8 16398  11.98 543 215 10200 1960 8.9

1137 1137-10  7/25/2013 10 4881.3 11037 17.95 418 176 8470 1510 2.6
1137 1137-10.5 7/25/2013 10.5 4880.8 11488  14.59 409 173 8280 1390 24
1137 1137-11 7/25/2013 11 4880.3 11497  14.26 422 178 8580 1490 2.5
1137 1137-11.5 7/25/2013 11.5 4879.8 11536 14 390 165 8100 1420 2.3
1137 1137-12 7/25/2013 12 4879.3 11561 13.79 401 169 8020 1510 2.3
1137 1137-12.5 7/25/2013 12.5 4878.8 11602 13.55 418 176 8480 1430 2.4
1137 1137-13 7/25/2013 13 4878.3 11629 13.4 401 169 8100 1450 2.1
1137 1137-13.5 7/25/2013 13.5 4877.8 11754  13.26 408 172 8320 1440 2.2
1137 1137-14  7/25/2013 14 4877.3 11883 13.11 421 178 8620 1530 2.3
1137 1137-14.5 7/25/2013 14.5 4876.8 12024  12.97 416 175 8530 1420 2.2
1137 1137-15 7/25/2013 15 4876.3 12166  12.86 417 175 8590 1480 2.2
1137 1137-15.5 7/25/2013 15.5 4875.8 12397 12.76 427 179 8690 1520 2.2
1137 1137-16 7/25/2013 16 4875.3 12491  12.62 435 182 8930 1550 24
1137 1137-16.5 7/25/2013 16.5 4874.8 14739  12.36 461 192 9390 1670 3.2
1137 1137-17 7/25/2013 17 4874.3 15327  12.25 498 204 9490 1950 4.7

1137 1137-17.5 7/25/2013 17.5 4873.8 15409 12.14 545 212 10000 2020 8.7

1138 1138-10 7/23/2013 10 4881.5 12806  17.95 537 169 10700 1980 4.7
1138 1138-10.5 7/23/2013 10.5 4881.0 15500 16.84 553 160 12500 2170 3.6
1138 1138-11 7/23/2013 11 4880.5 16760  16.29 547 168 11400 2090 5.3
1138 1138-11.5 7/23/2013 11.5 4880.0 18356  15.74 535 167 12300 2230 3.5
1138 1138-12 7/23/2013 12 4879.5 18537  15.46 544 169 12400 2130 3.4
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Well Sample ID Date Depth Elevation Sp Cond Temp cl NO; S04 V] Se

(ft btoc) (uS/cm) (°C)  (mg/L) mg/L) (mg/L) (ug/L) (mg/L)
1138 1138-12.5 7/23/2013 12.5 4879.0 18577  15.29 546 169 12300 2270 3.3
1138 1138-13 7/23/2013 13 4878.5 18596  15.2 546 170 12300 2050 3.4
1138 1138-13.5 7/23/2013 13.5 4878.0 18610  15.09 546 172 12300 2190 3.2
1138 1138-14  7/23/2013 14 4877.5 18636  14.91 548 170 12300 2090 3.3
1138 1138-14.5 7/23/2013 14.5 4877.0 18684  14.77 548 172 12400 2170 3.2
1138 1138-15 7/23/2013 15 4876.5 18715 14.66 548 172 12400 2100 3.1
1138 1138-15.5 7/23/2013 15.5 4876.0 18736  14.55 550 170 12400 2220 3.2
1138 1138-16  7/23/2013 16 4875.5 18809 14.27 547 169 12300 2130 3.3

1138 1138-10.1 7/25/2013 10.1 4881.4 17283 18.83 550 168 12400 2240 3.2
1138 1138-10.5 7/25/2013 10.5 4881.0 17359 18.09 548 167 12500 2140 3.2

1138 1138-11 7/25/2013 11 4880.5 17469 17.41 551 165 12500 2200 3.0
1138 1138-11.5 7/25/2013 11.5 4880.0 17605  16.87 552 161 12700 2220 3.3
1138 1138-12 7/25/2013 12 4879.5 17911  16.23 554 164 12600 2280 3.2
1138 1138-12.5 7/25/2013 12.5 4879.0 17992  15.89 554 164 12600 2570 3.2
1138 1138-13 7/25/2013 13 4878.5 18046  15.68 552 164 12500 2590 3.2
1138 1138-13.5 7/25/2013 13.5 4878.0 18106  15.53 551 163 12700 2530 3.3
1138 1138-14  7/25/2013 14 4877.5 18108  15.34 556 163 12800 2210 3.1
1138 1138-14.5 7/25/2013 14.5 4877.0 18097  15.13 556 159 12600 2300 3.1
1138 1138-15 7/25/2013 15 4876.5 18069  14.97 557 157 12600 2310 3.2
1138 1138-15.5 7/25/2013 15.5 4876.0 18098  14.77 557 158 12900 2340 3.2
1138 1138-16 7/25/2013 16 4875.5 18055 14.51 556 156 12800 2340 3.3
1139 1139-9 7/23/2013 9 4881.4 16728 22.16 316 18.1 10300 1110 9.5
1139 1139-9.5 7/23/2013 9.5 4880.9 17047  21.15 322 18.2 10500 1120 8.9
1139 1139-10  7/23/2013 10 4880.4 17475  20.68 328 18.3 10600 1110 8.8
1139 1139-10.5 7/23/2013 10.5 4879.9 17642  20.21 332 18.3 10700 1210 9.0
1139 1139-11 7/23/2013 11 4879.4 17684  19.97 336 18.5 10900 1100 9.0
1139 1139-11.5 7/23/2013 11.5 4878.9 17706  19.71 337 18.3 10900 1190 9.0
1139 1139-12 7/23/2013 12 4878.4 17730  19.45 336 18.2 10900 1260 8.9
1139 1139-12.5 7/23/2013 12.5 4877.9 17777  19.11 334 18.2 10800 1170 8.8
1139 1139-13 7/23/2013 13 4877.4 17797 18.71 334 18.3 10800 1160 9.0
1139 1139-13.5 7/23/2013 13.5 4876.9 17864  18.12 333 18.4 10800 1100 9.0
1139 1139-14 7/23/2013 14 4876.4 19484 17.6 333 17.9 10600 1110 8.8
1139 1139-9 7/25/2013 9 4881.4 14052  27.17 328 17.8 10600 1090 8.8
1139 1139-9.5 7/25/2013 9.5 4880.9 14662  23.51 325 17.7 10500 1080 9.0
1139 1139-10  7/25/2013 10 4880.4 15093  22.08 329 17.9 10600 1140 8.9
1139 1139-10.5 7/25/2013 10.5 4879.9 15367  21.35 332 17.8 10600 1140 8.8
1139 1139-11 7/25/2013 11 4879.4 15548  20.73 335 18.1 10800 1050 8.7
1139 1139-11.5 7/25/2013 11.5 4878.9 15579  20.35 334 18 10800 1070 8.6
1139 1139-12 7/25/2013 12 4878.4 15603 19.99 332 18.1 10700 1140 8.5
1139 1139-12.5 7/25/2013 12.5 4877.9 15611 196 334 18 10700 1160 8.5
1139 1139-13 7/25/2013 13 4877.4 15614  19.16 331 17.6 10700 1060 8.7
1139 1139-13.5 7/25/2013 13.5 4876.9 15610 18.73 331 17.7 10700 1110 8.7
1139 1139-14  7/25/2013 14 4876.4 16222  18.03 NS NS NS NS NS
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