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Dear Ms. Oakley,

Based on your concurrence letter dated November 19, 2015, enclosed are revised cover sheets
and spine labels dated December 2015 reflecting that the Preliminary Geochemical Conceptual
Site Model is considered final.

If you have any questions regarding these items, please contact me at 702-402-1319.
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Michael Rojo '

Supervisor, Environmental Services
NV Energy
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November 19, 2015

Michael Rojo

Environmental Services, Supervisor
NV Energy

6226 W Sahara Ave M/S 30

Las Vegas, NV 89146

Re: NV Energy (NVE)
Reid Gardner Station (RGS)
NDEP Facility ID #H-000530
NVE’s Response to NDEP’s July 17, 2015 Comments to the Preliminary Geochemical
Conceptual Site Model, Draft March 2015

Dear Mr. Rojo:

The NDEP has received and reviewed NVE’s submittal of the revised DRAFT report titled
Preliminary Geochemical Conceptual Site Model (revised Geochemical CSM), dated November 5,
2015, and NVE’s response to NDEP’s July 17, 2015 comments (RTCs). The revised Geochemical
CSM and the RTCs were received by the NDEP on November 16, 2015. The revised Geochemical
CSM describes a preliminary geochemical conceptual site model for indicator constituents of
concern in groundwater at RGS.

The NDEP has one reply to the RTC for comment 12, which is included in Attachment A.

The NDEP concurs with the Response to Comments provided by NVE. NVE may finalize the
revised Geochemical CSM by sending revised pages and cover sheets for insertion into the draft
document.

Please contact me with any questions or comments about this letter at (775) 687-9396 or
aoakley@ndep.nv.gov

Sincerely,

Alison Oakley, CEM
Environmental Scientist I1I
Bureau of Corrective Actions
NDEP-Carson City Office

Attachments (1)
Attachment A — NDEP Comments
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Mr. Mike Rojo

Preliminary Geochemical CSM RTCs
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ec: Jeff Collins, Nevada Division of Environmental Protection (NDEP)

cc:

Scott Smale, Bureau of Corrective Actions, NDEP Carson City

Todd Croft, Bureau of Corrective Actions, NDEP Las Vegas

Bill Campbell, Tribal Liaison, NDEP

Alan Tiney, Bureau of Water Pollution Control, NDEP

Ebrahim Juma, Clean Water Team (ejuma@cleanwaterteam.com)

Joe Leedy, Clean Water Team (jleedy(@cleanwaterteam.com)

Lynn M. Cintron, Southern Nevada Health District, (cintron@snhdmail.org)

Jacqueline Reszetar, Director of Envi. Health, Southern Nevada Health District
reszetar@snhdmail.org

Brian Northam, Southern Nevada Health District, (northam@snhdmail.org)

Walter Ross, Environmental Health Supervisor/Engineer (Ross@snhdmail.org)

Andy Chaney, Southern Nevada Health District, (chaney@snhdmail.org)

Donna Houston, Southern Nevada Health District, (houston@snhdmail.org)

Starla Lacy, NV Energy (SLacy@nvenergy.com)

Darren Patten, NV Energy (DPatten@nvenergy.com)

Tony Garcia, NV Energy (TGarcia@nvenergy.com)

Michael Rojo, NV Energy (MRojo@nvenergy.com)

Jason Reed, NV Energy (JReed@nvenergy.com)

Becky Svatos, Stanley Consultants, Inc., (SvatosBecky(@stanleygroup.com)

William Carrig, Stanley Consultants, Inc., (CarrigBill@stanleygroup.com)

John Kivett, ARCADIS U.S., Inc., (John.Kivett@arcadis-us.com)

Brad Cross, ARCADIS U.S., Inc., (Brad.Cross@arcadis-us.com)

Elliott Lips, Great Basin Earth Science, (elips(@gbearthscience.com)

Andrea Issod, Sierra Club, (andrea.issod@sierraclub.org)

Robert Wiygul, Counsel Sierra Club and Moapa Band of Piutes, (Robert@waltzerlaw.com)

Ranajit Sahu, Consultant, (sahuron@earthlink.com)

Alteha Tom, Moapa Band of Paiutes, Chairperson, P.O. Box 340, Moapa, NV 89025

Darren Daboda, Moapa Band of Paiutes, Environmental Director, P.O. Box 340, Moapa, NV
89025

Clark County Emergency Management, 500 S. Grand Central Parkway 6th Floor, P.O. Box
551713, Las Vegas, NV 89155-1713

Anitha Rednam, Department of Water Resources, 1416 9" Street, Room 1140, Sacramento CA
95814
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Attachment A

Original Comment 12:

Section 6.4, Page 25 — This section provides a discussion of TDS concentration trends in
groundwater. The text of this section states that “Time-trend analysis on TDS concentrations in
individual wells confirms that there is no systematic increase in TDS concentrations across the
groundwater monitoring network (Figure 6-7).” This is a rather strong statement considering
that there are 18 shallow zone wells and 7 deeper wells exhibiting increasing trends. Further, the
wells exhibiting the increasing trends are generally located downgradient of or adjacent to the
pond areas. Please revise this sentence to indicate that trend analysis indicates TDS trends are
increasing in some areas of the site and stable to decreasing in other areas. Please provide a
summary table that includes the following information for each groundwater monitoring location
included in the TDS concentration trend evaluation:

1. Historical range of TDS concentrations,

2. Most recent TDS concentration,

3. Time period of monitoring, and

4. Direction of TDS concentration trend with time.

NVE Response:

The text has been revised to clarify there are no overall, systematic TDS increases in shallow,
alluvial groundwater and a reference has been added to a new table in Appendix C with the
requested information

NDEP’s November 18 Reply:

It is important to note that there are several shallow zone wells that exhibit increasing COC
concentration trends identified in the TDS trend analysis table included in Appendix C, and for
the most part, these wells are located in the immediate vicinity or downgradient of pond areas.
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November 5, 2015

Nevada Division of Environmental Protection
NDEP - Bureau of Corrective Actions

901 S Stewart St

Carson City, NV 89701

Attn: Alison Oakley

Re: NV Energy
Reid Gardner Station
Draft Preliminary Geochemical Conceptual Site Model

Dear Ms. Oakley,

Based on your comments received on July 17, 2015, NV Energy is pleased to provide you a
revised Draft Preliminary Geochemical Conceptual Site Model report. If you have any questions
regarding the enclosed report, please contact me at 702-402-1319.

Sincerely,
Michael Rojo

Supervisor, Environmental Services
NV Energy

cE: William Campbell, NDEP (electronic copy via FilesAnywhere)
Michael Rojo, NV Energy
Tony Garcia, NV Energy (two copies)
John Kivett, ARCADIS, US
Bob Forsberg, ARCADIS, US
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Document and Response to Comments Tracking Form
NV Energy — Reid Gardner Station
Administrative Order on Consent Implementation

Document Title_ Preliminary Geochemical Conceptual Site Model. Draft March 2015

Preparer Stanley Consultants, Inc

Draft #1
To  NDEP From NV Energy
Submittal Date March 2015 Comment Date  7/17/2015

Response Date  11/06/15

Commenter Alison Oakley Responder Mike Rojo

Comment #1

Executive Summary, Page I ES - Please include sodium and chlovide in the list of indicator constituents
of concern (COCs).

Comment #1 Response

Text changed to include sodium and chloride in the list of indicator COCs in Executive Summary and
Section 1.2.

Comment #2

Executive Summary, Page Il, first partial paragraph -This paragraph states "...there has been relatively
little migration of groundwater with high total dissolved solids (TDS) concentrations over time." Please
amend this statement to indicate that this statement is relevant to shallow groundwater and is based on
data collected to date.

Comment #2 Response

Text revised to say “Also, based on data available at the time of this report, there has been relatively little
migration of shallow, alluvial groundwater with high total dissolved solids (TDS) concentrations over
time.”

Comment #3

Section 3.3. Page 11, first partial paragraph -This paragraph states that Piper diagrams "were
constructed by grouping data according to Table 3-1, removing groundwater samples with a charge-
balance error greater than 10%, and finally, entering uncensored data into Geochemist's Workbench."
Please provide information on the total number of samples for which charge balance was calculated, the
number of samples rejected due to charge-balance errvor greater than 10%, the range of TDS
concentrations of rejected samples, and rationale for using a charge-balance error threshold of 10%.




Comment #3 Response

A table was added to Appendix A that includes the requested information. Also, footnote #25 was added
explaining the 10% threshold. Please note that Figures 5-2 and 6-3 have been modified from the previous
submittal. Originally, pond samples where alkalinity data were not available were not included in the
figures because the relative proportion of carbonate and bicarbonate were not known. In the new figures,
samples without measured alkalinity were included if the charge imbalance was less than 10%. This
change is justified because alkalinity is a minor contributor to the ion balance (based on other pond
samples). Inclusion of this data increases the number of data plotted on the figures, but does not change
the overall results or conclusions.

Comment #4

Section 3.7, Pages 14 and 15, and Footnote 31 - Footnote 31 states, “samples with >20% difference
between dilution values were excluded” from attenuation calculations. Dilution calculations using S04
were not described in Methods section of the text. Please provide a description of S04 dilution
calculations in Section 3.7. Please indicate total number of samples evaluated and the number of samples
excluded because of Cl dilution and S04 dilution difference > 20%. Please provide the rationale for using
the 20% difference between S04and Cl dilution as a significant exclusion threshold.

Comment #4 Response

Two footnotes have been revised to address this comment. Please note that footnote numbers have
changed. The responses to this comment are now contained in footnotes 30 and 32.

Comment #5

Section 4. Page 16, Second bullet -Please include a list of COCs with concentrations above applicable
surface water quality criteria in un-impacted Muddy River surface water, i.e., TDS, As, B, P, and Se, as
stated on Page 17 in the section titled Water Quality.

Comment #5 Response

The text has been revised to indicate which COCs have been detected above surface water quality criteria
in the Muddy River.

Comment #6

Section 4.1. Page 17, second full paragraph - this paragraph suggests that the South Gate Spring
(SGSPR) has a chemical signature similar to groundwater from the Muddy Creek Formation (MCF). To
further support this discussion, please provide a reference, figure citation, or new figure showing that the
South Gate Spring (SGSPR) has a chemical signature similar to groundwater from the Muddy Creek
Formation (MCF).

Comment #6 Response

This statement has been changed to imply similarity to intermediate and deep alluvial groundwater based
on Figure 4-3 (not the Muddy Creek Formation). Identifying the source of the SGSPR water was not an
objective of this investigation. Data being collected as part of the 2015 investigations will aid in the
interpretation of the source of SGSPR water.




Comment #7

Section 4.1. Page 17, Water Quality -This paragraph states "COC concentrations are generally below
applicable surface water quality criteria. The primary exception is fluoride, with a median concentration
of 2.4 mg/L in MR-UP (compared to criteria of 1 to 2 mg/L for irrigation and livestock watering,
respectively, and a criterion of 2.6 mg/L specific to the Muddy River) (Table 4-1)." Please provide a
summary table with the following information for each Muddy River monitoring location:

a. Total number of samples,
b. Applicable surface water quality criteria value(s) for each COC,
c. Number of samples with COC concentrations above their respective surface water quality criteria, and

d. Range of concentrations (minimum and maximum concentration).

Comment #7 Response

The requested information will be provided in the Muddy River Water Quality Report to be provided to
NDEP in 2015.

Comment #8

Section 4.1, Page 17, Note 33 -This footnote states, "A cluster of upward spikes in 2005- 2007 was
accompanied by an overall increase in TDS at all monitoring points. To incorporate this, an adjustment
was made to the model to distinguish the monitoring event data before September 1, 2004, from those
afier. This variable is significant and the estimated effect is an increase of 42 mg/L in the average levels
of all subsequent data. This means that the sudden 42 mg/L increase in 2005 has persisted over time
(relative to the ongoing 4.6 mg/L annual decrease).” Please provide additional language to this footnote
stating that evaluating the cause of the spikes in concentration during the 2005 to 2007 timeframe was
beyond the scope of the geochemistry conceptual site model assessment. Please also provide additional
language to this footnote stating that monitoring of Muddy River water quality is ongoing.

Comment #8 Response

The footnote has been revised (please note footnote numbering has changed; Note 33 is now 34). The
footnote now reads, “A cluster of upward spikes in 2005-2007 was accompanied by an overall increase in
TDS at all monitoring points. To incorporate this, an adjustment was made to the model to distinguish
the monitoring event data before September 1, 2004, from those after. This variable is significant and the
estimated effect is an increase of 42 mg/L in the average levels of all subsequent data. This means that
the sudden 42 mg/L increase in 2005 has persisted over time (relative to the ongoing 4.6 mg/L annual
decrease). Although the cause of this change is currently unknown, and beyond the scope of the
geochemistry CSM assessment, the most important result for this study is that there is an overall
downward trend in TDS concentrations with time at all river monitoring stations. Muddy River water
quality monitoring is ongoing.”




Comment #9

Section 5.2, Page 21, second paragraph and Footnote 41 - This section states, "Although pond water
primarily consists of sodium and sulfate (Table 5-2), there is variability in the relative ratio of sulfate to
chloride’." Footnote 41 states "The Piper diagram in Figure 5-2 shows relatively few data points
because of the requirement of charge balance, which is less frequently achieved in high TDS samples.
Although chloride is the dominant ion in some of the pond samples in the figure, it has an overall lower
median concentration relative to sulfate (Table 5-2)". Please provide information regarding the total
number of pond water samples evaluated for charge balance, the range of charge-balance error, the
number of samples rejected from plotting in Figure 5-2, and the range of chloride and sulfate
concentrations of rejected samples. Also, please describe what charge-balance error threshold was used
for screening pond water data and provide rationale for threshold used.

Comment #9 Response

Reference is now made to Appendix A, which includes the number of samples excluded and TDS range.
The text on page 11 now states that 10% was used for all samples (not just groundwater). Please note that
the footnote numbers have changed (41 is now 42).

Comment #10

Page 22, Footnote 44 - This footnote states: "The presence of reduced sulfur species is important because
these constituents represent a significant chemical oxygen demand that causes the redox state of pond
water, pore water, and interstitial water to be highly-reducing.”" However, Figure ES-2 and Figure 10-1
show Fe/Mn-Reduction in shallow pond solids to be primary terminal electron accepting process (TEAP).
Please revise Figure ES-2 and Figure 10-1 to indicate sulfate reducing conditions are likely present in
shallow and deep pond solids.

Comment #10 Response

Figures ES-2 and 10-1 have been revised to show that sulfate-reducing conditions also occur in shallow
pond solids.

Comment #11

Section 6, Page 23, Fourth bullet - This bullet states, "The extent of the TDS plume (a surrogate for
infiltrated pond water) has not changed significantly over the past twenty years, i.e., the plume is stable."
Please revise this statement to indicate this description of plume stability is limited to shallow
groundwater only, and that the stability of the TDS plume is the subject of on-going investigation.

Comment #11 Response

Text revised to state “The lateral extent of the TDS plume (a surrogate for infiltrated pond water) does not
appear to have changed significantly in shallow, alluvial groundwater over the past twenty years,
however, TDS plume stability (including possible vertical transport) is the focus of ongoing
investigations.” The term "shallow, alluvial groundwater" was also added on pages 24 and 25.




Comment #19 Response

The requested site map has been provided as Figure 9-7

Comment #20

Section 9.2, Page 43, Second Full Paragraph (editorial comment) -The first sentence of the second
paragraph reads, “The fraction of each COC not specifically explained by pond water dilution was
calculated using equation 3-2 (Section 3.7).” Please revise this sentence to read, "The fraction of
attenuation for each COC not specifically explained by pond water dilution was calculated using
equation 3-2 (Section 3.7)".

Comment #20 Response

| Text revised as requested.

Comment #21

| Figure ES-2 and figure 10-1 (editorial comment) -Please subscript the “2" in "CdS2"

Comment #21 Response

‘ Figures revised as requested.

Comment #22

Figure 4-7 (editorial comment) - This figure title reads, "Eh-pH diagrams showing pond water and
groundwater relative to the stability fields of minerals and aqueous species..." Pond water sample data
are not included on the plots in Figure 4-7. Please revise Figure 4-7 title 1o read, “Eh-pH diagrams
showing groundwater relative to the stability fields of minerals and aqueous species.”

Comment #22 Response

Figure title changed. "Pond water and" was removed.

Comment #23

Figures 6-1a through 6-1f -These figures shows well locations with colored dots representing ranges of
TDS concentrations. In figure 6-1a, the two-order of magnitude range 500-50,000 is too large for a single
color. The use of Y2 order of magnitude ranges would better show variability in TDS. Please revise
concentration ranges to provide more detailed resolution of TDS concentrations in the 500 to 50,000 mg/
L range. Please revise Figures 6-1b through 6-1f in a similar manner.

Comment #23 Response

Figures 6-1a through 6-f have been revised as requested. Figures 6-1g through 6-1j have also been
revised




Comment #24
l Figure 6-5 - are we still removing K values for BG wells?

Comment #24 Response
1 The K values have been removed from BG-1S/M/D as seen in Figure 6-5. 4]

Comment #25

Figure 6-7 (editorial comment) -The boxes for deep groundwater trend directions are difficult to read.
Please revise figures to make these data displays more legible with higher contrast against the
background aerial photo. The legend includes the acronym "NSD". Please define “"NSD™ in the legend or
in the notes.

Comment #25 Response

Figure revised to make trends easier to read and to define “NSD”.

Comment #26

Figure 9-1 (editorial comment) - Please specify form of Iron and Manganese depicted on this figure, e.g.,
Dissolved Iron.

Comment #26 Response

“Dissolved" added on this figure and Figure 4-5. To be consistent, the word "dissolved" was added to
other figures and captions for iron and manganese (but none of the indicator COCs).

Comment #27

Figure 9-2a through 9-2d -The data ranges of Mn concentrations listed in the legend of Figure 9-2a are
discontinuous. Please revise the concentration ranges to be more continuous, such as <0.05, >0.05

to <0.2, >0.2 to <l, etc. Please revise concentration ranges in a similar fashion for Figures 9-2b through
9-2d.

Comment #27 Response

Figures 9-2a through 9-2d have been revised such that the concentrations ranges are continuous.

Comment #28

Table ES-1 (editorial comment) - Report Section 4 bullets delete "relatively". Delete "relatively" from
summary bullet in Section 4, Major Finding 3 summary text as well. Split this out

Comment #28 Response

Table and text revised using the word "generally."




Comment #29

| Table 5-4 (editorial comment) - Fix line height for S 2 row, check “Al” in Jfootnote

Comment #29 Response

[ Line height made consistent for all superscripted rows and Al is now fixed.

Comment #30

Table 9-la (editorial comment) -The Iron (II) concentration for MW-13 is listed as "0." Please verify Iron
(II) concentration for MW-13 and revise Table 9-1a accordingly. The Manganese (1) concentration for
MW-16S is listed as "0." Please verify Manganese (II) concentration for MW-16S and revise Table 9-la
accordingly.

Comment #30 Response

Table 9-1a revised to show that the Iron (II) concentration for MW-13 is non-detect and the Manganese
(II) concentration for MW-16S is not available.

Comment #31

Table 9-1b (editorial comment) - The Iron (II) concentration for IMW-2.58 is listed as "0." Please verify
Iron (1) concentration for IMW-2.58 and revise Table 9- 1b accordingly.

Comment #31 Response

| Table revised to show that the Iron (II) concentration for IMW-2.5S is 0.05 mg/L.

Final
To From
Submittal Date Approval Date

Approver







Comment #12

Section 6.4, Page 25 -This section provides a discussion of TDS concentration trends in groundwater.
The text of this section states that "Time-trend analysis on TDS concentrations in individual wells
confirms that there is no systematic increase in TDS concentrations across the groundwater monitoring
network (Figure 6-7)." This is a rather strong statement considering that there are 18 shallow zone wells
and 7 deeper wells exhibiting increasing trends. Further, the wells exhibiting the increasing trends are
generally located downgradient of or adjacent to the pond areas. Please revise this sentence to indicate
that trend analysis indicates TDS trends are increasing in some areas of the site and stable to decreasing
in other areas. Please provide a summary table that includes the following information for each
groundwater monitoring location included in the TDS concentration trend evaluation:

a. Historical range of TDS concentrations,

b. Most recent TDS concentration,

c. Time period of monitoring, and

d. Direction of TDS concentration trend with time.

Comment #12 Response

The text has been revised to clarify there are no overall, systematic TDS increases in shallow, alluvial
groundwater and a reference has been added to a new table in Appendix C with the requested information.

Comment #13

Section 6.4, Page 25, Fifth bullet -This bullet states "Also, TDS concentrations in P-18B are significantly
less than concentrations prior to 2002 (Figure 6-8f)". As shown on Figure 6-8f, there are some TDS
concentrations prior to 2002 that are within the range of the more recent TDS concentration. Please
revise this sentence to read "Also, TDS concentrations in P-18B are significantly less than some
concentrations measured prior to 2002 (Figure 6-8f)".

Comment #13 Response
Ilext revised as requested. —|

Comment #14

Section 6.4, Page 25, (editorial comment) -First sentence after bullets states, "One possible explanation
Jor the lack of systematic increases in TDS concentrations in shallow wells is that density differences
between pond infiltration and native groundwater has primarily resulted in vertical transport of TDS.”
Please revise this sentence to read “One possible explanation for the lack of site-wide systematic
increases in TDS concentrations in shallow wells is that density differences between pond infiltration and
native groundwater has primarily resulted in downward vertical transport of TDS.”

Comment #14 Response

Text revised as requested.




Comment #15

Section 8.3, Page 33, Footnote 57, last sentence (editorial comment) - Please revise "explained by is its
adsorption” to read: "explained by its adsorption.”

Comment #15 Response

Footnote revised as requested. Note that this is now Footnote 59.

Comment #16

Section 8.3, Page 35, Footnote 63 (editorial comment) -The sentence states, "This implies that, if present,
fluorite can potentially be released from pond solids and/or shallow aquifer soils with an influx of fresh
groundwater.” Please revise the sentence to read "This implies that, if present, fluoride can potentially be
released from pond solids and/or shallow aquifer soils with an influx of fresh groundwater due to
dissolution of fluorite."

Comment #16 Response

Footnote revised as requested. Note that this is now Footnote 65.

Comment #17

Section 8.3, Page 36, Thallium (editorial comment) -Please delete "only" from the last two sentences.
The revised sentences should read, "At this location, thallium was reported at 0.016 mg/L, despite the fact
that TDS was high (136,800 mg/L). Incidentally, 0.016 mg/L is slightly above the applicable water quality
criterion (0.013 mg/L; Table 4-1).

Comment #17 Response

Text revised as requested.

Comment #18

Section 9.1, Page 41, Interpretation of Redox Parameters, 2" paragraph (editorial comment) -Please
delete the word “generation” from the second to last sentence, and revise the sentence to read “Although
sulfide is known to be generated in the ponds (Ainsworth et al. 1995), there are no indications from redox
data that sulfate reducing conditions have significantly migrated into the aquifer.”

Comment #18 Response

Text revised as requested.

Comment #19

Section 9.1, Page 42, Top bullet - To further clarify this discussion of conditions driving TEAPs (i.e.
presence of organic carbon), please provide a site map with posted groundwater DOC concentrations.




Preliminary Geochemical
Conceptual Site Model

Administrative Order on Consent Activities

NV Energy
Reid Gardner Station

Final

December 2015
20618.09.26

Prepared by:

S

Stanley Consultants nc

A Stanley Group Company
Enginesring. Envisonmerrial and Construction Sences - Woridwide

@ /ID s-S. PAPADOPULOS & ASSOCIATES, INC.



Certifications

NV Energy Certification

I certify that this document and all attachments submitted to the Division were prepared
under the direction or supervision of NV Energy in accordance with a system designed to
gather and evaluate the information by appropriately qualified personnel. Based on my
inquiry of the person or persons who manage the system(s) or those directly responsible
for gathering the information, or the immediate supervisor of such person(s), the
information submitted and provided by NV Energy is, to the best of my knowledge and
belief, true, accurate, and complete in all material respects. I am aware that there are
significant penalties for submitting false information, including the possibility of fine and
imprisonment for knowing violations.

sones_fornsil) s/

Name Ddn Hopper
Title: Plant Director, Reid Gardner Station
Company: NV Energy

Date: /// 3/30/5—




Certified Environmental Manager Certification

I hereby certify that I am responsible for the services described in this document and for the
preparation of this document. The services described in this document have been provided in a
manner consistent with the current standards of the profession and to the best of my knowledge
comply with all applicable federal, state, and local statutes, regulations, and ordinances.

Signature: MZ %Jé\

Name: Rebecca L. Svatos

Title: Project Manager
Company: Stanley Consultants
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Executive Summary

This report describes a preliminary geochemical conceptual site model (CSM) for indicator!
constituents of concern (COCs) in groundwater at the Reid Gardner Station (RGS) in Moapa,
Nevada. Included is a discussion of important geochemical processes occurring at the RGS and
an evaluation of the fate and transport of the following COCs:

Antimony (Sb)
Arsenic (As)
Boron (B)
Cadmium (Cd)
Chloride (CI)
Chromium (Cr)
Fluoride (F)
Molybdenum (Mo)
Phosphorus (P)
Selenium (Se)
Sodium (Na)
Sulfate (SOx)
Thallium (TI)
Total Dissolved Solids (TDS)

The primary conclusion reached is that COCs are being attenuated by one or more processes
that inhibit their transport through groundwater and to the Muddy River.

This report is organized into eleven sections. Sections 1, 2, and 3 provide the requisite
background on study objectives, technical concepts, and methods used, respectively. Sections 4,
5, and 6 then discuss the geochemistry of RGS waters (Muddy River, pond water, and impacted
groundwater, respectively). Sections 7, 8, and 9 evaluate the fate and transport of COCs,
including the identification of attenuation processes (Section 7), a reactive transport model for
COCs in groundwater (Section 8), and RGS data that support model predictions (Section 9).
Finally, Sections 10 and 11 summarize the preliminary geochemical CSM and discuss additional
data that will be collected in 2015.

A summary of the findings of specific sections of this report are provided in Table ES-1.
Highlights include the following:

RGS Geochemistry (Sections 4-6) — COC concentrations in the Muddy River are
generally below applicable surface water quality criteria. By contrast, pond water and
groundwater in the immediate vicinity of the ponds have relatively high concentrations of
COCs, and could potentially cause impairment of the river if discharged at sufficient
rates.

! A formal list of constituents of concern (COCs) in groundwater near the Muddy River has not been approved by
NDEP. The COCs selected for this study are potential indicators of impacts from site operations.



Existing data does not indicate future river impacts are inevitable. For example, certain
COCs are present at very low concentrations, even in groundwater (Sb, Cd, Cr, and TI
occur at non-detect levels; F, Mo, and Se are elevated in relatively few samples). Also,
based on data available at the time of this report, there has been relatively little lateral
migration of shallow, alluvial groundwater with high total dissolved solids (TDS)
concentrations over time. Finally, there has been an overall decrease in TDS
concentrations with time in Muddy River monitoring stations. The only monitoring
station where TDS is higher than at the upstream end of the RGS is the most-downstream
station (at MR-4; the cause of this increase has yet to be determined).

There are several important physical and geochemical processes occurring in the vicinity
of the ponds (Figure ES-1). For example, pond water evaporation is causing the
precipitation of mirabilite (NaxSO4:10H>0, also known as Glauber's salt) in pond solids.
Also, reducing conditions are present in pond porewater and in the shallow alluvial
aquifer beneath the ponds (where reductive dissolution of manganese and iron
oxyhydroxides is occurring). Dilution of infiltrated pond water that previously leaked into
groundwater (prior to installation of high density polyethylene (HDPE) liners) is also an
important process, as indicated from compound ratio analysis.

COC Fate and Transport (Sections 7-9) — The physical and chemical processes
identified in Sections 4-6 will cause COCs to be attenuated. This conclusion is supported
by geochemical model calculations conducted using RGS data, which predict the
following (Table ES-2):

1) Evaporation-driven mineral precipitation will cause SOs and B to be
attenuated (although dissolved concentrations remain relatively high);

2) Several other COCs are supersaturated in pond water, and could precipitate as
minerals (Cd, F, Mo, P, and TI);

3) Changes in groundwater redox both within and below the ponds promote the
precipitation of chromite (Cr), elemental selenium (Se), selenides (Sb, T1, Cd,
Se), and sulfides (As, Cd, Mo, TI, S); and,

4) Adsorption to iron oxyhydroxides in the aquifer leads to attenuation of As,
Cd, Cr, Mo, P, and Se.

Evidence that COC attenuation is occurring is provided by reactive transport modeling
and dilution/attenuation calculations. For example, the reactive transport model requires
inclusion of COC attenuation in order to reproduce observed groundwater concentrations
in the vicinity of RGS ponds. Also, pond water dilution and COC attenuation calculations
demonstrate that dilution-alone cannot account for observed decreases in COC
concentrations between ponds and groundwater. Finally, both sets of analyses predict the
same sequence of COC attenuation (i.e. B, Cd, Cr, and Se are attenuated in excess of
pond water dilution in nearly all wells; SO4, As, Mo, and P in a subset).

Data from the 2014 Q3 and Q4 sampling events are consistent with the presence of
manganese and iron oxyhydroxide mineral buffers in aquifer soils. These minerals not
only inhibit the migration of sulfate reducing conditions into the aquifer, but adsorb
COCs.
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Preliminary Geochemical CSM (Sections 10-11) — Pond water infiltration that
occurred prior to the installation of HDPE liners led to the introduction of labile
(reactive) organic carbon, which has caused an increase in the rate of terminal electron
accepting processes (TEAPs). This infiltration ultimately resulted in sulfate-reducing
conditions in pond solids (and the precipitation of sulfides such as mackinawite (FeS)
and/or pyrite (FeS,)) (Figure ES-2). Strongly-reducing conditions are likely restricted to
pond solids due to the presence of manganese and iron oxyhydroxide minerals in the
alluvial aquifer. There is, however, an increase in manganese and iron reduction in the
vicinity of the ponds, which has resulted in the removal of more-unstable mineral phases
such as hydrous ferric oxyhydroxide (HFO) (note: although this process decreases the
aquifer adsorption capacity in shallow alluvial soils directly underlying the ponds, redox
buffering and HFO re-precipitation preserve the capacity elsewhere).

Evaporation-driven mineral precipitation is the first process that attenuates COCs in the
ponds (the primary mineral precipitated in pond solids is mirabilite (Na>xSOs:10H20);
however, other COCs can be sequestered via borate, fluorite, and/or apatite mineral
precipitation). The second attenuation process is redox-driven mineral precipitation,
which occurs in pond solids and shallow alluvial soils underlying the ponds as a result of
TEAPs. Several COCs are precipitated as a result (Cr ~ Se > Cd > Mo > TI). Finally,
adsorption is an important attenuation process for several COCs during groundwater flow
and transport (As, Cd, Cr, Mo, P, and Se).

Refinement of the preliminary geochemical CSM will occur following the analysis of
additional data collected as part of pond-area-specific and Muddy River investigation
work plans that are to be implemented in 2015. For example, an important parameter
affecting the fate and transport of COCs and the redox front is the abundance of
manganese and iron oxides and oxyhydroxides. Sequential extraction and batch
adsorption tests of aquifer soils will be used to better estimate the buffering and
adsorption capacity of the alluvial aquifer. Also, mineralogical and COC concentration
data from soils and groundwater under the ponds will be used to corroborate the CSM
and refine the depth of groundwater impacts.

Because TDS and sulfate are relatively non-reactive, an evaluation of the potential long-term
impacts of groundwater on the Muddy River ultimately requires further understanding of RGS
hydrogeology.
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Section 1
Introduction

1.1  RGS Background

The Reid Gardner Generating Station (RGS) is located along the Muddy River near Moapa,
Nevada (Figure 1-1). The Station is a coal-fired electric power generation facility that has
produced approximately 600 MW of power from four generating units (Units 1, 2, 3, and 4)
(Stanley Consultants 2013). As of January 1, 2015, Unit 4 is the only power generating unit that
is operational. The RGS became commercially-operational in 1965. Evaporation ponds were
constructed in a period between 1974 and 1976 to treat blowdown wastewater generated from the
SO, scrubbers that were added to Units 1, 2, and 3. Unit 4 went into service in 1983.

The evaporation ponds were originally designed and constructed according to engineering
practices and regulations in effect at the time of construction (Stanley Consultants 2013). Some
of the first ponds (e.g. former Pond D and Pond E) were not lined. Other ponds (e.g., Ponds 4A,
4B and 4C) tied into existing geologic clayey soils. Over time, groundwater at the Station has
been contaminated by leakage from these originally unlined or partially lined ponds>.

In May 1997, the Nevada Division of Environmental Protection (NDEP) issued an
Administrative Order requiring NV Energy to submit a site-wide plan and schedule to eliminate
the migration of contaminants into the groundwater. To date, NV Energy has installed liner
systems in seven evaporation ponds (Ponds 4B-1, 4B-2, 4B-3, 4C-1, 4C-2, El, and E2). NV
Energy has additionally closed four ponds (Ponds 4A, D, F, and G), thereby completing the
requirements of the 1997 Order. Since closing or relining existing ponds, NV Energy has
constructed two new HDPE double-lined evaporation ponds on the mesa to receive plant
wastewater.

NV Energy and the NDEP entered into the current Administrative Order on Consent (AOC) for
RGS on Feb. 22, 2008. The AOC calls for NV Energy to continue with environmental
characterization activities for soil and groundwater at the RGS and to identify and implement
necessary corrective actions. Additionally, the AOC calls for the implementation and long-term
operation and maintenance of NDEP-approved clean-up measures for RGS.

1.2 Study Objectives

The objective of the present study was to develop a preliminary geochemical conceptual site
model (CSM) that describes the fate and transport of the following indicator constituents of
concern (COCs) in groundwater near the Muddy River:

* Antimony (Sb)
Arsenic (As)
e Boron (B)

2 The evaporation ponds are not the sole source of groundwater contamination at the RGS. Other sources of
groundwater contamination have also been identified (Stanley 2013). This geochemical CSM report focuses on
the major source of groundwater contamination in the vicinity of the Muddy River (i.e. the evaporation ponds).



Cadmium (Cd)
Chromium (Cr)
Chloride (Cl)
Fluoride (F)
Molybdenum (Mo)
Phosphorus (P)
Selenium (Se)
Sodium (Na)
Sulfate (SO4)
Thallium (T1)
Total Dissolved Solids (TDS)

This study is necessary for evaluating the need for, and the types of, potential future remedial
alternatives, including monitored natural attenuation (MNA) as a groundwater remedy (USEPA

2007).

1.3  Study Approach

This geochemical CSM consists of the following components (and sub-components) (Table 1-1):

1) Description of the geochemistry of RGS waters (pond water, groundwater, and
the Muddy River).

O

COC concentrations in pond water, porewater, interstitial leachate water,
groundwater, the Muddy River, pond solids, and aquifer soils to evaluate
nature and extent.

Time trends in COC concentrations to evaluate plume stability.

Geochemical signatures to trace the movement of infiltrated pond water in
groundwater.

Groundwater redox conditions (which affect the mobility of COCs).

Aquifer mineralogy (which buffers groundwater chemistry and potentially
provides adsorption capacity for COCs).

2) Evaluation of COC fate and transport.

O

o

Reaction path analysis to identify COC attenuation caused by geochemical
processes (evaporation-driven mineral precipitation, redox-driven mineral
precipitation, and adsorption).

Reactive transport analysis to understand the combined effects of
groundwater flow and mineral buffering on COC attenuation.

Comparison of model predictions to RGS data.

These components are evaluated using the methods listed in Table 1-1.



Section 2
Geochemical Concepts

This section of the report provides technical background on the CSM topics discussed in the
report.

2.1 Geochemical Source Signatures

Important objectives of this geochemical CSM include (1) identifying sources of dissolved
constituents and (2) tracing those sources in the environment. These objectives require that
markers (or “signatures”) of a particular source be identified. This traditionally involves the
identification and use of distinct diagnostic compounds, ratios of compounds, and/or isotopic
ratios.

Diagnostic Compound Analysis

To the extent that a groundwater constituent is associated with a specific source and does not
undergo chemical reactions during transport, it is a diagnostic compound that can be used to
calculate source mixing fractions in groundwater. In this study, chloride was used as a diagnostic
compound because it (1) behaves conservatively, and (2) occurs in pond water at concentrations
that are significantly higher than naturally-occurring, native groundwater”.

Assuming the two predominant sources in a particular water sample are native groundwater and
pond water, the following general expression can be used to calculate the relative fraction of the
pond component:

_C6. -G, (2-1)
PC ,—C,
where [X)] is the fraction of pond water in a sample and [C] is the concentration of the chloride
in the groundwater sample [w], pond water source [p], and native groundwater [n].

Chloride Ratio Analysis

If more than one anion is behaving conservatively, then the ratio of anions from a particular
source can also be used as a geochemical source signature. Although borate and sulfate anions
are not predicted to behave entirely conservatively at the RGS, their attenuation is predicted to be
small relative to the high concentrations that occur in pond-impacted groundwater.
Consequently, the ratios of SO4/Cl and B/CI were evaluated for their potential to distinguish
between groundwater samples affected by pond infiltration and other sources.

Piper Diagrams

Piper diagrams are a type of ratio analysis that plots cation and anion data as milliequivalent
percentages of the major ions typically found in groundwater. They are trilinear diagrams that

3 Native groundwater in the shallow alluvial aquifer is assumed to be represented by groundwater from BG-18S.
Groundwater from the other BG-wells are assumed representative of native Muddy Creek Formation groundwater.



consist of two triangular plots and one diamond-shaped plot (Figure 2-1). The triangular plots
depict the relative molar abundance of either the cations (Ca, Mg, and Na) or anions (Cl, SO4,
and HCO3) in a sample. The closer a particular sample plots to one of the apices of a triangle, the
greater the relative abundance of that respective ion. Data from the two triangular plots in the
diagram are also projected onto a diamond-shaped plot, thereby providing an additional visual
tool to compare the compositional variability between samples.

Piper diagrams are useful for identifying the major ion “signature” of water from a particular
source because groups of water samples that plot together are characterized as having a similar
water “type” (or “signature”). In the provided example from 2004 (Q4), pond water sample 4B-1
is a Na-SOs4 type water, which means Na ions comprise greater than 50% of all cations and SO
greater than 50% of all anions. By contrast, Muddy River water sample MR-2 is a Na-
SO4+Cl+HCOs3 water type (with no dominant anion). The fact that these water samples occupy
different areas of the Piper diagram means that they potentially represent different sources of
water and dissolved constituents.

Piper diagrams are additionally useful for tracing sources because individual samples that plot
between two or more sources in a diagram are a possible mixture of each. In the provided
example (Figure 2-1), a hypothetical groundwater sample (solid black circle) lies along a straight
line between 4B-1 and MR-2. This means it is potentially a mixture of the two sources®.

2.2 Redox Geochemistry
COC Speciation

The term “redox” is an abbreviation for “reduction-oxidation,” which is a chemical reaction that
transfers electrons between two redox-sensitive elements. In redox reactions, the net charge (or
valence) of one element is increased, while the valence of the other is reduced. Redox reactions
are important because the mobility of COCs in groundwater is strongly affected by their valence
states.

Most constituents discussed in this report have multiple valence states that allow them to
participate in redox reactions. The valence of individual elements is represented by Roman
numerals following an element’s name (with larger numbers representing a higher effective
charge or redox state). The following redox-sensitive elements (and their predominant valences
in groundwater) are discussed in this report:

e Arsenic: As(III) and As(V)>.

It is not possible to determine relative mixing fractions in a Piper diagram without considering the TDS
concentrations of the potential sources. For example, the groundwater sample in Figure 2-1 was assigned the
following mixing fraction: 90% MR-2 and 10% 4B-1. It would at first appear that the groundwater is
predominantly comprised of 4B-1 water; however, the TDS of this sample is considerably greater than MR-2 and
only a small relative contribution from 4B-1 has a large effect on the major ion composition of the water sample,
causing the groundwater to plot very close to 4B-1 in the figure.

Both valences of arsenic are dominated in groundwater by dissolved oxyanionic and hydroxide complexes
(HAsO4? under oxidizing conditions, and H3AsO; under reducing conditions), although thioarsenic (sulfur-
containing) species may occur under sulfate-reducing conditions with depleted iron concentrations (Vlassopoulos
et al. 2010).



Antimony: Sb(III) and Sb(V)°.

Carbon: C(-IV), C(0), and C(IV)’.

Chromium: Cr(IIT) and Cr(VI)%.

Iron: Fe(Il) and Fe(IIT)°.

Manganese: Mn(II), Mn(III), and Mn(IV)'°.
Nitrogen: N(-IIT), N(0), N(III), and N(V)!!.
Oxygen: O(-II) and O(0)'2.

Selenium: Se(-1I), Se(0), Se(IV), and Se(VI)!3.
Sulfur: S(-II), S(0), and S(VI)'“.

Thallium: TI(I) and TI(IIT)".

Eh-pH Diagrams

Eh, or redox potential, measures the activity of electrons in groundwater as follows:

2.303RT
Eh= T pe (2-2)

where R is the gas constant, 7T is the absolute temperature, F is the Faraday constant, and pe is the
negative-log activity of the electron. When Eh is low, conditions favor high electron activity and
redox-sensitive elements tend to be in their more reduced state. Due to the large differences in
concentrations of redox-sensitive elements, the equilibrium Eh of a system is often poised (or
buffered) by the presence of a dominant redox-sensitive element (such as Fe).

pH-Eh diagrams are useful representations of the predominant elemental species (both solid and
dissolved) under a full range of environmental conditions. Figure 2-2 is an example diagram for

® Both valences of antimony also predominantly occur as oxyanionic and hydroxide species (Sb(OH)s and
Sb(OH)3, respectively) (Langmuir et al. 2005).

7 C(-IV) is primarily present as methane (CHs). Also, C(0) is the valence state of organic carbon, and is most-often
represented in geochemical models as CH>O. Finally, CIV) predominantly occurs in groundwater as carbonate
(CO52) or bicarbonate (HCO5") (depending on pH).

8 Cr(VI) is another oxyanionic dissolved complex that is fairly mobile. By contrast, Cr(Il) is highly insoluble,
precipitating as chromite (FeCr,O4) under iron reducing conditions.

® Unlike chromium, reduced ferrous iron (Fe(Il)) is the relatively soluble form and oxidized ferric (Fe(IIl)) is not
(forming iron oxides and/or oxyhydroxides such as hematite, magnetite, goethite, and HFO).

10 Of these various valences, Mn(II) is most soluble.

"' N(-III) predominantly occurs as ammonia or ammonium (NH; or NH4*), N(0) represents N, gas, N(III) is nitrite
(NOy), and N(V) is nitrate (NO3").

12 O(-II) represents the predominant valence state of oxygen (as present in water and other compounds). O(0) occurs
in limited quantities as dissolved O, gas.

13 The two most-reduced species (Se(-II) and Se(0)) are relatively insoluble. By contrast, the predominant
oxyanionic species of Se(VI) (SeO42) is highly soluble.

14 S(-II) (also known as sulfide) occurs primarily as H.S or HS", depending on pH. S(0) is elemental sulfur that
sometimes occurs in reduced sediments. Finally, S(VI) is predominantly present as sulfate (SO42).

15 Thallium generally occurs as TI(I), which includes the ionic species (T1*) and/or sulfate complex (TISOy).



iron (assuming initial concentrations of iron in groundwater from BG-1S, pH from 4 to 10, and
Eh constrained by the stability of water). The different fields in the plot identify the primary
dissolved or solid-phase species under the prescribed pH and Eh conditions. This particular
diagram was constructed using methods described in Section 3.4. It illustrates the following
information that is useful for developing a geochemical CSM:

e Fe(IlD) is relatively insoluble (the predominant Fe(IIl) species is the mineral goethite
(FeOOH) within the pH range of most groundwater (pH of 6 to 9)).

e Fe(Il) can be present as a dissolved species (Fe*?) under acidic conditions or as the
sulfide mineral (pyrite) under reducing conditions.

e Groundwater sample BG-1S plots in the stability field of goethite, which is consistent
with this mineral being present in aquifer soils in equilibrium with BG-1S (and thus
serving as a redox buffer on groundwater Eh).

TEAPs

Terminal electron-accepting processes (TEAPs) are microbiologically-mediated reactions that
convert redox sensitive elements from their oxidized to reduced forms, while simultaneously
oxidizing organic carbon. TEAPs are largely driven by molecular hydrogen (Hz), which is
derived from the fermentation of natural (or anthropogenic) organic matter. In each TEAP,
microorganisms obtain energy by transferring electrons from H> to naturally-occurring electron
acceptors (such as oxygen, nitrate, iron (III), manganese (IV), sulfate, and carbon dioxide).
Significantly, each TEAP has a different affinity for H> uptake, with microbes that respire using
more electrochemically-positive electron acceptors (such as dissolved oxygen) able to survive at
lower Hy levels in groundwater (Lovley and Goodwin, 1988). TEAPs occur in a sequence based
on metabolic efficiency (i.e. potential energy yield) of the associated redox reaction'®!” (Figure
2-3). Aerobic respiration is followed by denitrification, manganese reduction, iron reduction,
sulfate reduction, and finally, methanogenesis.

In the absence of directly measuring H> concentrations in groundwater, TEAPs can be inferred
from concentrations of redox-sensitive elements. For example, the absence of dissolved oxygen
but presence of nitrate is consistent with nitrate reduction being the predominant TEAP (i.e.
aerobic respiration has already consumed all available O, and the next most-thermodynamically-
favorable TEAP is nitrate reduction) (Figure 2-3). Of particular importance to the preliminary
geochemical CSM presented in this report is the occurrence of elevated concentrations of
naturally-occurring dissolved iron in groundwater, which is consistent with iron-reducing
conditions (characterized by the dissolution of ferric-iron minerals) being the predominant
TEAP. Groundwater redox poised in the stability field of iron oxyhydroxides, such as goethite,
implies that conditions are sufficiently-reducing for precipitation of some COC-bearing minerals,
but oxidizing enough that iron-bearing minerals remain available to adsorb COCs.

16 Following O,-reduction are (1) NO3 and Mn(IV) reduction (H concentrations <0.05 nM/L), (2) Fe(Ill) reduction
(H2 <0.2 nM/L), (3) SO4 reduction (H, <1-1.5 nM/L), and finally (4) methanogenesis (H, <7-10 nM/L) (Lovley
and Goodwin 1988).

17 There is overlap in all adjacent TEAPs. Also, there are cases where S(IV) reduction may proceed Fe(III) reduction
if the ferric iron mineral participating in the reaction is a more-crystalline (i.e. more thermodynamically-stable)
form such as goethite (Postma and Jakobsen 1996).



2.3  Mineral Precipitation, Dissolution, and Buffering

As concentrations of dissolved aqueous species that comprise a particular mineral increase, the
tendency for that mineral to precipitate out of groundwater is enhanced. This tendency is defined
mathematically by a value called the saturation index (SI), which is expressed on a logarithmic
scale as the ratio of the concentration of ions in solution to the concentration required for mineral
precipitation to occur. SI values greater than or equal to zero represent groundwater that is
saturated or supersaturated (under these conditions, there is a thermodynamic driving force for
mineral precipitation to occur). Conversely, values less than zero imply that a mineral is
unstable, and if present in aquifer soils, will dissolve into groundwater!'®,

Mineral precipitation is important because it leads to COC sequestration (and immobilization) by
direct incorporation of the COC into the precipitating mineral. This process is largely driven by
changes in geochemical conditions (such as temperature, Eh, pH, and concentrations of dissolved
constituents). For example, cooling of flue gas desulfurization (FGD) process water generally
promotes mineral precipitation (particularly metal oxides). Also, evaporation of pond water
increases the concentrations of dissolved residuals, thus promoting precipitation of certain
mineral salts. Finally, changes in pH and redox can both stabilize and destabilize minerals,
depending on the specific geochemistry of the constituents involved. The most important redox-
driven precipitation reactions discussed in this report involve manganese and iron
oxyhydroxides, chromite, elemental selenium'?, COC-containing selenides, and COC-containing
sulfides.

Mineral dissolution is also an important component of a geochemical CSM. In this case, certain
aquifer minerals will dissolve in the presence of pond water that has leached into the
groundwater due to its reducing and/or alkaline nature. This mineral dissolution process is also
known as “mineral buffering” because the participating mineral partially neutralizes
groundwater, thereby inhibiting the migration of alkaline and/or reducing conditions. Redox-
buffering provided by manganese and iron oxyhydroxides is particularly important because it
preserves the adsorption capacity of the alluvial aquifer.

2.4  Adsorption & Desorption

COC:s can adhere or bind to aquifer soils in a process called “adsorption.” A number of different
types of minerals and organic matter can adsorb (immobilize) COCs in soil. In fact, it can be
generalized that at the trace concentrations that generally occur in nature, most COCs are
predominantly adsorbed (i.e., chemically or physically bound) to clays, metal oxides (and
oxyhydroxides), and/or organic material residing in the sediments (Stumm and Morgan 1996;

18 In most cases, mineral precipitation and dissolution are kinetically-constrained (as opposed to strictly equilibrium
processes). This means that they can be slow, and therefore, potentially less significant than predicted by
equilibrium geochemical models. A weight-of-evidence approach, incorporating a range of RGS data, is required
to identify the important mineral precipitation and dissolution processes affecting COCs.

19 Elemental selenium has the oxidation state of Se(0). It is represented in Eh-pH diagrams in this report as the
mineral Se(elemental).



Appelo and Postma 2005). The adsorption capacity of aquifer sediments is enhanced by greater
abundances of soil clay, iron oxides/oxyhydroxides, and organic matter, and by smaller grain
sizes (i.e., greater mineral surface areas for adsorption).

The primary adsorbing minerals discussed in this report are iron oxyhydroxides, which include
goethite and two-line ferrihydrite (also known as hydrous ferric oxide, or HFO). The amount of
adsorption that occurs depends on many factors. For example, HFO has greater surface area and
density of adsorption sites for COCs than goethite (Dixit et al. 2003). Also, pH is an important
variable, since a negative electrostatic surface charge develops on minerals as groundwater pH
increases (this, in turn, increases the adsorption of positively charged ions such as cadmium
(Cd*?) ions, but potentially decreases the retention of negatively charged species such as arsenic
oxyanions (AsO4?)). Ionic strength and the concentration of competing ions are additionally
important, since there are a finite number of adsorption sites for the different competing
dissolved ions. Finally, groundwater redox is a critical factor. As discussed in Section 2.2, iron
oxyhydroxides (such as goethite) are unstable under strongly-reducing conditions. Mineral
dissolution and desorption (or release) of COCs to groundwater can occur as a consequence of
the reductive dissolution of iron oxyhydroxides.

The variability in adsorption of COCs from Pond E-1 water to iron oxyhydroxides in aquifer
s0ils?*?! is illustrated as a function of pH in Figure 2-4. The primary COCs attenuated by
adsorption are arsenic and phosphorus, with the relative amounts adsorbed a strong function of
pH. Under acidic conditions (pH < 7), both COCs are strongly adsorbed (this is because both
occur as negatively-charged oxyanions that are attracted to the positively-charged mineral
surfaces). As pH increases (and mineral surfaces become more negatively-charged), adsorption
is reduced, particularly for phosphorus?2.

20 The preliminary geochemical CSM described in this report focuses on the adsorption of COCs to iron
oxyhydroxides, but it is important to recognize that cadmium (and other COCs) can also be sequestered by organic
matter (Figure 2-4c) or other minerals.

2l This figure was generated using the geochemical speciation model described in Section 3.5.

22 Although it might be expected that arsenic would observe a similar dependence on pH, arsenic adsorption actually
increases under alkaline conditions (pH > 7) because desorption of phosphorus and other anions (which are
initially present at higher dissolved concentrations than arsenic) causes there to be an increase in the availability of
adsorption sites for arsenic in the model.



Section 3
Description of Methods

This section of the report describes the methods used to evaluate RGS geochemical data.

3.1 Data Used

Data from a Microsoft Access® database developed for RGS was used in this report. The range
in years (and number of samples) from the database included the following:

Pond Water: 1988 to 2010 (N =274)

Pond F Influent Water: 2010 to 2013 (N =7)
Interstitial Leachate Water: 2010 to 2014 (N = 78)
Groundwater: 1996 to 2014 (N = 2,840)

Muddy River Water: 1996 to 2014 (N = 339)
Pond Solids: 2009 to 2012 (N = 16)

Underlying Pond Soils: 2010 to 2013 (N = 16)
Aquifer Soils: 2011 to 2012 (N =5)

Although post-2008 data is believed to be of the highest quality and representativeness, all of the
available data from the Access® database was used for the purpose of completeness in this
report?®. These groundwater and surface water data include the BG-wells and monitoring wells in
the vicinity of the ponds (as listed in Table 3-1 and shown in Figure 1-1). The data set does not
include data from the 2014 Q3 and Q4 monitoring events, which are discussed separately
(Section 9).

To the extent possible, dissolved constituent concentrations were used instead of total
concentrations during data evaluation; however, in the case of phosphorus, only total
concentrations were available. Data for interstitial leachate water, collected from the interstitial
leak detection and collection system, and data from the Muddy River (with the exception of 2014
Q3) also consisted only of total concentrations.

Several of the evaluations conducted for this study required that data be grouped prior to
analysis. These groupings are listed in Table 3-1. It is important to note that groundwater
samples from BG-1S was always analyzed separately since these samples are from the shallow
alluvial aquifer and are hydraulically-upgradient of the ponds. Although background
concentrations have not yet been established for groundwater in the alluvial aquifer, for this
report, groundwater monitored by BG-1S is assumed to represent native water not impacted by
the ponds.

23 Although pre-2009 data was used for this report, its use elsewhere may not be appropriate.



3.2 Statistical Methods

Summary Statistics

Statistical data analysis consisted of (1) calculation of median COC concentrations in various
environmental matrices, and (2) construction of box-and-whisker plots to display the range in
concentration data for the various groupings of data. Both sets of analyses were conducted using
Microsoft Excel®. In cases where reported concentrations were reported as non-detect (ND)
values, the detection limit was used.

Muddy River Statistical Analysis

Two statistical tests were conducted using TDS concentration data from the Muddy River (MR-
UP, MR-1, MR-2, MR-3, and MR-4; 1996 to 2014). The first was a Mann-Whitney test, which is
a pairwise test used to evaluate whether TDS concentration distributions between two samples
are distinguishable within a level of statistical significance (Davis 2002). The second was a
robust linear regression on the time series data for each individual monitoring location.

The Mann-Whitney test was used to test the hypothesis that TDS concentrations in the river do
not change. Pairwise comparisons were performed between adjacent Muddy River sampling
locations, and between each location and the upstream location (MR-UP). The Mann-Whitney
test was considered significant if the predicted p-value was less than 0.05 (i.e. the probability of
a Type I error occurring was less than 5%). The Mann-Whitney test was performed using the
“wilcox.test” function in R, which is a statistical analysis/graphics program based on the S
language (R Development Core Team 2009).

Robust linear regression (Yohai 1988; Pena and Yohai 1999) was used to (1) fit a time-series
model of TDS in each station in terms of a long-term linear change and (2) identify systematic
differences in trends between monitoring locations. The robust method was computed using
“ImRob” in the “robust” package for R. This method automatically identifies and downweights
outlying spikes to minimize any unrealistic influence on model predictions?*.

Groundwater Trend Analysis

The program PAM (Henlopen Design LLC 2009) was used to identify statistically-significant
upward or downward time-series trends in TDS concentrations in individual monitoring wells for
the period 2003-2014. The trend method used was the Sen’s Test, which is a non-parametric
trend analysis similar to the Mann-Kendall test. The trend statistics reported included the slope
result (Upward, Downward, No Trend, or NSD) and the slope estimate (in mg/L/year). For
several wells, a trend could not be calculated because of insufficient data (not sufficient data, or
NSD).

3.3 Piper Diagrams

Piper diagrams were used in this study to identify water types (‘“‘signatures”) and evaluate the
hypothesis that groundwater is a mixture of native groundwater, Muddy River water, and pond

24 The method assumes that fluctuations are both random and independent. The latter was checked by computing
serial correlation functions for the time series at all five points. No significant correlations were found. Although
this method also detects seasonality in the data, none was found.
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water that previously infiltrated into the groundwater. Diagrams were constructed by grouping
data according to Table 3-1, removing samples with a charge balance error greater than 10%, and
finally, entering uncensored data into Geochemist’s Workbench (Bethke 2002) for plotting®’.

3.4 Eh-pH Diagrams

Eh-pH diagrams were constructed using the geochemical software PhreePlot (Kinniburgh and
Cooper 2009). Input to this model includes the initial composition of a particular water sample,
the identification of a specific constituent to plot, and selection of mineral phases/surface sites
that could potentially sequester COCs from groundwater.

Pond water and groundwater samples were plotted on the diagrams using measured (or model-
predicted) pH and Eh values to the extent possible; however, because redox potential
measurements were unavailable from historical data, a different approach was adopted. In these
cases, Eh was estimated from the concentration of the most reduced chemical species detected in
the groundwater sample. For example, if ferrous iron was detected, then Eh was calculated using
equation 2-2 (Section 2.2) and the following relationship between ferric and ferrous iron:

pe =-3pH —loga,,~logK, (3-1)

where [pe] is the negative-log activity of the electron, [pH] is groundwater pH, [arm)] is the
activity of dissolved Fe™ calculated in PHREEQC, and [K,] is the reaction constant for the
reductive dissolution of goethite.

Historical monitoring data is shown on Eh-pH diagrams for manganese and iron (Figures 3-1a
and 3-1b, respectively). Data are plotted in four distinct clusters based on the redox couples that
are buffering the system (as determined from groundwater composition data). The upper-most
cluster of data (along the H2O/O2z(aq) chemical reaction line) represents groundwater with no
detected values of iron, manganese, or sulfide. By contrast, most of the monitoring data plots
along (or near) lines that define the Mn(Il)/Mn(Ill) or Fe(II)/Fe(Ill) redox couples (in these
cases, dissolved manganese and/or iron were detected in the sample and equilibrium was
assumed between the associated oxyhydroxide mineral and dissolved species?). The cluster with
the lowest Eh values represents samples with detected sulfide.

To the extent that manganese and iron oxyhydroxides (represented by light or dark gray shading
in Figures 3-1 and 3-2%7) are present in the aquifer, several COCs will be adsorbed. For example,
arsenic is shown in Figure 3-2b to be predominantly adsorbed to iron oxyhydroxide surfaces
(blue-shaded fields in the figure).

25 Acceptable charge balance is empirical and somewhat arbitrary, but analytical laboratories usually consider an
error of <5% to be acceptable (Zhu and Anderson 2002). A value of <10% was used in this study in order to plot
more of the pond water samples (as shown in Appendix A, the majority of pond water samples were excluded
using even a <10% charge imbalance criterion).

26 Appendix B contains a table of aqueous compositions and calculated Eh values for samples shown in Figures 3-1
and 3-2.

27 Light gray shading represents minerals with redox-sensitive elements in their more-oxidized state (e.g. Fe(III) and
Mn(II)); dark gray shading represents reduced species (e.g. Fe(Il) and Mn(II))
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3.5 Geochemical Modeling (PHREEQC)

COCs are potentially attenuated by mineral sequestration reactions that occur in pond waters,
pond porewater, and groundwater at the RGS. These reactions cause aqueous COC
concentrations available for transport to the Muddy River to decrease. The principal mineral
reactions affecting dissolved COC concentrations at the RGS include?® (1) evaporation-driven
mineral precipitation, (2) redox-driven mineral precipitation, and (3) adsorption to aquifer soils
(Figure 3-3).

Geochemical models can be used to estimate the relative importance of attenuation by predicting
the equilibrium distribution of elements between dissolved, mineral, and adsorbed species. In
this study, the United States Geological Survey (USGS)-supported geochemical model
PHREEQC (Parkhurst and Appelo 1999) was used to simulate the following reaction path
experiments:

(1) Evaporation-driven mineral precipitation—Representative pond water (in equilibrium
with the atmosphere) was allowed to precipitate minerals predicted to be
supersaturated under relatively oxidizing environmental conditions.

(2) Redox-driven mineral precipitation—Representative pond water (reacted with
organic carbon) was allowed to precipitate supersaturated minerals under reduced
environmental conditions.

(3) Adsorption—Representative pond water was allowed to equilibrate with goethite and
HFO mineral surfaces.

PHREEQC uses a thermodynamic database and a chemical description of solid and aqueous
phases determined through laboratory analysis to make predictions?®. Three thermodynamic
databases were utilized in order to better understand uncertainty in model predictions. The
primary thermodynamic database was minteq.v4.dat (Allison et al. 1999), which was developed
for United States Environmental Protection Agency (USEPA) and contains the most extensive
set of internally-consistent equilibrium constants for the COCs of this study. The second
database used was pitzer.dat (Pitzer 1973, 1979, 1987), which provides more accurate
predictions for saline brines under relatively oxidizing redox conditions. Because this database
has a fairly-limited set of constituents, it was primarily used to test the accuracy of the minteq
database under environmental conditions that were applicable to both (evaporation-driven

28 Hyporheic zone processes were not included in the model.

2 PHREEQC is based on chemical thermodynamics and the energetics of possible chemical reactions are supplied
to the program through the thermodynamic database. PHREEQC uses this information, along with the total
elemental compositions of the system being modeled, to minimize the overall energy of the system subject to any
additional constraints. PHREEQC simultaneously solves expressions relating the mass of each element to its
distribution between different forms (mass balance equations), expressions representing the Gibbs free energy
change of prescribed reactions (mass action equations), and an expression for electrical neutrality (the charge
balance equation). PHREEQC can simulate several types of geochemical processes, including aqueous phase
reactions, ion exchange reactions, surface complexation reactions, and mineral precipitation and dissolution
reactions. Reactions can be represented as either equilibrium or kinetically-controlled.
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mineral precipitation). Finally, llnl.dat (Delany and Lundeen 1990) was used for select model
simulations.

Average elemental compositions of individual pond waters were used in the reaction path
simulations described above (Table 3-2). It is important to note that if maximum concentrations
had been used in the mineral precipitation simulations, the predicted amount of attenuation
would have been higher than reported. Also, for the adsorption scenario, the surface
complexation model (SCM) for HFO was employed (Dzombak and Morel 1990). This SCM has
been found to be applicable to other iron oxides/oxyhydroxides such as goethite and magnetite
(Dixit et al. 2003), and was therefore used to simulate adsorption to goethite by reducing the
concentration of surface sites by a factor of 10 (to account for differences in reactive surface area
of crystalline iron minerals (such as goethite) relative to more-amorphous phases (such as HFO)
(Bessinger et al. 2012). The assumed initial concentration of goethite was approximately 1,300
mg/kg, which is approximately 10% of the total iron concentration reported in BG-1D soil
(Table 4-6) (which is a conservative estimate based on relative fraction of oyhydroxides to total
iron in sediments; Knapp et al. 2002; Kent and Fox 2004).

Sensitivity analyses were conducted using llnl.dat (Delaney and Lundeen 1990) because it
includes exchange reactions for cadmium on clay, and has been expanded to include the effect of
solid-phase organic matter complexation on cadmium mobility, using organic matter exchange
constants (Appelo et al. 1998; Bessinger and Marks 2010) developed from the WinHumic model
(Gustafsson 1999).

3.6  Reactive Transport Modeling (PHAST)

Transport simulations were performed using the USGS-supported reactive transport model
PHAST (Parkhurst et al. 2004). This code simulates multicomponent, reactive solute transport in
three-dimensional saturated groundwater flow systems. Flow and transport calculations in the
model are based on a modified version of HST3D (which is restricted to constant fluid density
and constant temperature). Equilibrium and kinetic geochemical reactions are simulated with the
PHREEQC submodel, which is embedded in PHAST.

PHAST was used to simulate the potential transport of COCs in groundwater in the vicinity of a
hypothetical pond. The primary objective of the modeling was to provide additional evidence for
COC attenuation by simulating measured COC concentrations using a range of reasonable model
inputs. Modeling objectives also included evaluating the effect of the ponds on aquifer
geochemistry (such as groundwater redox) and identifying geochemical data gaps. The model
was not calibrated hydrogeologically, and therefore, is not intended to be used to make pond-
specific quantitative forecasts.

The model domain consisted of a two-dimensional cross section that was 2,500-feet long and
100-feet deep (Figure 3-4). The top of the model (along a 1,400-foot segment) was assumed to
be the base of the hypothetical pond. This representation was selected to approximate the cross-
section in Figure 3-3 in order to compare predicted COC concentrations to measured
concentrations in monitoring well P-4 (which is downgradient of Ponds E-1 and E-2, and for
which estimates have been made on potential groundwater flow velocities; Stanley 2014). The
model simulated a 40-year period (1974-2014), with pond infiltration assumed to occur between

13



1974 and 2002 (prior to the installation of a double synthetic liner system in these ponds in
2003).

The geochemical parameters required by the model included an initial description of pond water,
groundwater, and reactive aquifer minerals (Table 3-3). Pond water for PHAST was assumed to
have the same relative composition as Pond E-1 (Table 3-2), but with slightly higher TDS
(~200,000 mg/L). Also, infiltrating pond water was pre-equilibrated with supersaturated minerals
prior to entering the top boundary of the model—this assumption implies that the model domain
represents the underlying aquifer (exclusive of pond solids). The initial groundwater composition
was based on the average composition of BG-1S and the aquifer minerals consisted of calcite,
goethite, gypsum, HFO, and pyrolusite. The SCM model used was the same as that employed for
PHREEQC modeling (Section 3.5). Finally, organic carbon biodegradation was simulated in the
top grid cells underlying the pond by adding CH>O to the groundwater. This partial equilibrium
approach assumes the fermentation of organic matter is the rate-limiting step in redox reactions
(Postma and Jakobsen 1996; Postma 2007).

The primary transport parameters required by the model included the groundwater flow and pond
water infiltration rates (Table 3-4). The former was calculated internally by the model by
assigning values for hydraulic conductivity and gradient reported in Stanley Consultants (2014).
The infiltration rate was a model calibration parameter used to graphically match predicted and
measured TDS and chloride concentrations in downgradient monitoring well P-4.

Ten model simulations were performed (Table 3-4). The five ‘“high-flow” scenarios (HF-1
through HF-5) used the most appropriate groundwater hydraulic conductivity based on field
measurements reported by Stanley Consultants (2014) (0.16 m/d). The five “low-flow” scenarios
(LF-1 through LF-5) used values 10-times less (which is approximately equal to the minimum
measured hydraulic conductivity of 0.013 m/d reported by Stanley Consultants [2014]). HF-1
and LF-1 were the model calibration scenarios. HF-2 and LF-2 were sensitivity runs to evaluate
the effect of low initial iron oxyhydroxide concentrations on predicted COC concentrations. HF-
3 and LF-3 were sensitivity runs to evaluate the effect of higher initial rates of organic carbon
degradation. HF-4 and LF-4 assumed no TEAPs. Finally, HF-5 and LF-5 assumed no attenuation
(results from these scenarios were used to calculate the difference in COC concentrations caused
by attenuation).

The primary transport parameter varied during model calibration (scenarios HF-1 and LF-1) was
the pond infiltration rate prior to HDPE liner installation (which was used to match TDS and
chloride). The primary geochemical parameters varied during calibration were the abundances of
manganese and iron oxyhydroxides and the rate of microbial reduction of organic carbon. These
parameters control the concentrations of redox-sensitive elements (Cr, Mo, Se, Tl), as well as
elements that are strongly adsorbed (As and P).

3.7 Dilution and Attenuation Calculations

The COC concentrations detected in groundwater near the ponds are not the same as the
concentrations in the pond water that previously seeped into the groundwater, nor are they the
same as the concentrations in groundwater that has not been impacted by the ponds. The
differences in concentration are due to several different processes. The initial process evaluated
was pond water dilution without any geochemical transformation of COCs. Chloride data was
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used for this dilution calculation because it is a conservative parameter that is not transformed by
other processes. Pond water dilution was calculated for each groundwater sample in the RGS
database using chloride data and equation 2-1 (Section 2.1). This analysis first required the
assignment of monitoring wells to specific ponds (Table 3-1). Next, median chloride
concentrations from BG-1S (native groundwater) and the associated pond were used to calculate
dilution®® (X, in equation 2-1). Finally, the median dilution value (expressed as a percentage) was
reported®!. This dilution value represents the fraction of groundwater near the ponds that is
native.

Attenuation refers to all COC changes other than dilution. These changes include adsorption
and/or mineral precipitation/co-precipitation. The relative amount of COC attenuation was
calculated for every groundwater sample after the contribution from pond water dilution had
been estimated using the approach outlined above. The following equation was used:

A=X,C0C, +(1- X ,)COC, -COC, (3-2)

where [A] is the amount attenuated, [X,] is the fraction of pond water in a sample calculated
above, [COC] is the concentration®? of the COC in the groundwater sample [w], pond water
source [p], and native groundwater [n]. The median attenuation value for each well was reported
as a percentage of the initial pond water concentration. Due to insufficient data, attenuation was
not calculated for Sb, F, or TI.

Values of [A] greater than zero imply that COC concentrations in groundwater sample are too
low to be explained by dilution-only (a geochemical attenuation process is required). By
contrast, values of [A] that are less than zero imply an excess of a particular COC in a
groundwater sample. One possible explanation for negative values for [A] is a net release of the
COC from native soils to groundwater (as could occur as a result of desorption during reductive
dissolution of iron oxyhydroxides).

30 There is, strictly speaking, no perfect diagnostic compound for dilution calculations because an implicit
requirement of equation 2-1 is that there is a “representative” concentration for each source, and it is known that
pond water concentrations have varied over time. Chloride and sulfate concentrations were each used to calculate
dilution with the stated approach; however, chloride concentrations were used as the best estimate of pond water
dilution because chloride behaves conservatively and is present in pond water at concentrations that are
significantly higher than levels reported in upgradient wells. Median concentrations were used for C, and C, as the
best estimate of representative source chloride concentrations.

31 In cases where the Mann-Whitney test (Section 3.2) indicated no statistical difference between chloride
concentration distributions in groundwater and either BG-1S or the pond, dilution was not calculated.

32 Non-detect values were replaced with their detection limit. Also, sample locations with differences >20% between
median dilution values independently calculated using sulfate and chloride concentrations were assumed to not be
representative median values and were therefore excluded. Justifications for this criterion were (1) there is
variability in sulfate-chloride ratios over time (it is not known which value is most representative of dilution), and
(2) maximum sulfate attenuation predicted by the geochemical model is <20%. Eighteen of sixty-eight sample
locations were excluded based on differences between dilution values calculated using sulfate and chloride
concentrations.
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Section 4
Muddy River and BG-Well Geochemistry

This section of the report discusses the geochemistry of waters and solids un-impacted by the
ponds. The major findings of Section 4 include the following:

e TDS concentrations in the Muddy River have been decreasing with time, but there is
an increase in TDS concentrations between monitoring stations MR-3 and MR-4.

e COC concentrations in the Muddy River are generally below applicable surface water
quality criteria (the primary exception is fluoride, but there have also been episodic
exceedances of TDS, As, B, P, and Se).

e Native groundwater generally has higher COC concentrations than the Muddy River.

e Some manganese reduction is occurring in deeper Muddy Creek Formation
groundwater.

e Water redox is generally poised within the stability field of goethite.

4.1 Muddy River

General Geochemistry

The Muddy River derives most of its dissolved constituents from groundwater discharges
upstream of the RGS (USGS 2006). This process results in a median TDS concentration in MR-
UP (see Figure 1-1 for sampling locations) of 609 mg/L (Table 4-1). TDS concentrations in the
Muddy River are three to four times lower than median concentrations in the alluvial
groundwater, and two to three orders of magnitude lower than pond water (Figure 4-1).

Due to the large differences in TDS concentrations between the Muddy River and potential RGS
sources, concentrations in the Muddy River would be expected to increase if there were a
significant flux of groundwater from the RGS. As discussed in Section 3.2, two sets of statistical
tests were conducted to test for this flux. Results include the following:

e Mann-Whitney Test: Pairwise comparisons were made between adjacent monitoring
stations, as well as between each monitoring station and the MR-UP location, to
determine whether or not concentration distributions are different to an acceptable
level of statistical significance (indicated by p-values less than 0.05; 95%
confidence). As shown in Table 4-2, the only location with a distribution significantly
different than other stations is MR-4, which is the farthest downstream. This location
is also significantly different from the station immediately upstream, MR-3,
indicating a statistically-significant change in concentrations in the river occurs
between MR-3 and MR-4.

e Robust Linear Regression: This analysis consisted of fitting time series data provided
for each station to a linear model (Figure 4-2). The regression found no differences in
the rate of change over time among the monitoring points, which it estimates at
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a decrease of 0.0126 mg/L/day***. There is, however, a difference in the overall
levels of TDS between MR-4 and the other four monitoring points, with TDS at MR-
4 approximately 30 mg/L greater than elsewhere.

Results from these statistical tests are consistent with the findings of no significant increase in
TDS concentrations in the Muddy River between stations MR-UP and MR-3, but an increase
between MR-3 and MR-4.

The source of the increase in TDS concentrations at MR-4 is currently unknown. The chemical
signature of MR-4 (based on major cations and anions) is similar to the other monitoring stations
(Figure 4-3), and is therefore insufficient to resolve the issue. One known contributor is the
South Gate Spring (SGSPR), which has a chemical signature similar to intermediate and deep
alluvial groundwater®® (Figure 4-3); however, the estimated flowrate of this source is likely too
small to account for the increase in TDS.

Water Quality

COC concentrations are generally below applicable surface water quality criteria®®. The primary
exception is fluoride, with a median concentration of 2.4 mg/L in MR-UP (compared to criteria
of 1 to 2 mg/L for irrigation and livestock watering, respectively, and a criterion of 2.6 mg/L
specific to the Muddy River) (Table 4-1). There have also been episodic exceedances in samples
obtained from the Muddy River of other water quality criteria (TDS, As, B, P, and Se), as
evidenced by maximum concentrations that exceed one or more criteria (Table 4-3). Finally,
several COCs have not been detected in the Muddy River (Sb, Cd, Cr, and T1), although they are
indicator COCs.

4.2 Shallow Groundwater

BG-1S is assumed to represent native water not impacted by the evaporation ponds or the
Station.  As such, this groundwater provides a point of reference to discuss potential changes in
groundwater chemistry caused by pond water infiltration.

BG-18 is characterized as a Na-SO4 to Na+Ca+Mg-SO4 water-type that is geochemically distinct
from the Muddy River (Figure 4-3). The redox state of BG-1S is relatively oxidizing based on

33 There are actually ten lines plotted (pre- and post-2004 for each station); however, there is just a single slope
common to all the monitoring points at all times (equal to a decrease of 0.0126 mg/L/day, or 4.6 mg/L/year).

3 A cluster of upward spikes in 2005-2007 was accompanied by an overall increase in TDS at all monitoring points.
To incorporate this, an adjustment was made to the model to distinguish the monitoring event data before
September 1, 2004, from those after. This variable is significant and the estimated effect is an increase of 42
mg/L in the average levels of all subsequent data. This means that the sudden 42 mg/L increase in 2005 has
persisted over time (relative to the ongoing 4.6 mg/L annual decrease). Although the cause of this change is
currently unknown and beyond the scope of the geochemistry CSM assessment, the most important result for this
study is that there is an overall downward trend in TDS concentrations with time at all river monitoring stations.
Muddy River water quality monitoring is ongoing.

35 Alkalinity has not been reported for SGSPR; therefore, the anionic composition shown in Figure 4-3
overestimates the relative concentrations of chloride and sulfate.

36 Comparisons in this study are made to numeric water quality criteria, which are used to measure the attainment of
the designated uses of a waterbody (as defined by water quality standards).

17



non-detect median concentrations of dissolved iron and manganese’’ (Table 4-4). In fact, nitrate
is also present in BG-1S, which is important because nitrate reduction typically precedes
manganese and iron reduction (Section 2.2).

With respect to water quality, TDS in BG-18S is relatively high compared to the Muddy River
(Figure 4-1) (this means that any input from groundwater with a geochemistry similar to BG-1S
would impact the river). BG-18S also has relatively higher concentrations of COCs such as SO,
Sb, As, B, F, Mo, P, and TI (Table 4-3).

4.3 Deep Groundwater

BG-wells screened in the Muddy Creek Formation have a slightly lower median TDS
concentration compared to BG-1S, but a greater range in concentrations (Table 4-3). There is
also greater spread in the relative abundance of major cations and anions (Figure 4-4), although
both remain geochemically-distinct from the Muddy River (Figure 4-3). The redox state of the
deeper aquifer is inferred to be more reducing than BG-1S based on higher concentrations of
manganese (and to a lesser extent, iron) in some wells (Figure 4-5). Finally, water quality in the
Muddy Creek Formation BG-wells is impacted by the same constituents as BG-1S; several
COC:s (Sb, As, Cd, Cr, and T1) most frequently occur at concentrations below historical detection
limits3®.

4.4  Aquifer Soils

The mineralogy of aquifer soils can be inferred from groundwater geochemistry assuming the
reported dissolved concentrations are in equilibrium with solid phases. Three methods were used
to infer aquifer mineralogy: 1) PHREEQC model simulations of groundwater geochemistry; 2)
construction of ion ratio plots; and 3) Eh-pH diagrams.

PHREEQC was used to calculate the SI for minerals included in the thermodynamic database. SI
values of zero (or greater than zero) indicate that groundwater is saturated or oversaturated with
respect to a particular mineral, respectively. As shown in Table 4-5, the following minerals are
predicted to be present in aquifer soils based on SI values greater than zero: calcite, one or more
phosphate minerals, and manganese and iron oxyhydroxides. Although gypsum (CaSO4:2H>0)
and clay minerals (such as sepiolite) are predicted to be slightly undersaturated by PHREEQC,
they have both been reported in the area (Ainsworth et al. 1995; Post 1978). Evidence for their
occurrence in at least some aquifer soils includes a direct correlation between Ca + Mg and SO4
in groundwater, which is consistent with the dissolution of Ca-Mg-SO4 minerals controlling SO4
and consequently TDS concentrations®® (Figure 4-6a and 4-6b). Also, geochemical evidence for

37 As discussed in Section 2.2, high Mn and Fe indicate reductive dissolution of associated oxides and
oxyhydroxides, and hence, relatively reducing conditions. Groundwater with relatively low concentrations of Mn
and Fe implies that TEAPs have not yet advanced to manganese and iron reduction.

38 For Sb and As, the detection limit is very close to the median value reported for BG-18.

3 Both gypsum (CaS04:2H,0) and MgSO4:6H,0 have been reported in alluvial soils in the Las Vegas area (Buck
2006); however, due to the relatively high solubility of the latter, the correlation in Figure 4-6b is more consistent
with the dissolution of a gypsum phase containing Mg. XRD data will be collected during 2015 as part of the
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clays (in addition to the direct evidence provided by boring logs) includes groundwater data that
occurs on an ion ratio line consistent with dissolved sodium, calcium, and magnesium ion
exchange on clays (Figure 4-6¢) (Chowdhury et al. 2010).

Additional evidence for manganese and iron oxyhydroxides is that the (minimum) inferred redox
state of groundwater (see Section 3.4), is within the stability field of one or more of these
minerals (Figure 4-7). In particular, goethite (FeOOH) is predicted to be stable in BG-well
groundwater. Also, total iron concentrations in soils are reported from RGS data to be between
4,400 and 12,000 mg/kg, indicating the presence of mineral-bound iron (Table 4-6).

pond-area-specific and Muddy River investigations work plans. These data will help identify solubility-controlling
minerals in RGS soils.
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Section 5
Pond Geochemistry

This section of the report describes the chemistry of pond surface water, porewater, and
interstitial leachate waters, and describes the physical and biogeochemical processes affecting
the fate and transport of COCs that previously seeped into groundwater.

The major findings of Section 5 include the following:

e TDS concentrations in the ponds are typically greater than 100,000 mg/L, which are
higher than influent concentrations due to pond water evaporation.

e Mirabilite (Na;SO4:10H20; also known as Glauber's salt) is the primary mineral
precipitated in the ponds, but borates, fluorite, and phosphates may also be present at
significantly-lower concentrations.

e Pond porewaters have historically been highly-reducing (characterized by negative
Eh, high levels of dissolved organic carbon, and presence of reduced sulfur species
such as sulfite (SO32), thiosulfate (S2057?), and sulfide (S2)).

5.1 History of Ponds

RGS ponds were originally unlined (Ponds D and E) and/or constructed with native, clayey
materials (e.g. Ponds 4A, 4B, 4C, F and G), both of which allowed some groundwater leakage to
occur. In response to groundwater and pond water seepage, slurry walls (in the 1980s) and
synthetic liners (2001-2003, 2007) were eventually installed. Also, some ponds have been
closed and their solids removed*® (Ponds D, F, and G). Currently, all operating ponds are double-
lined with HDPE and have an interstitial leak-detection and collection system to protect
groundwater (Stanley Consultants 2013).

Odor issues related to the formation of hydrogen sulfide gases in the ponds have occurred
(CH2MHill 2007) (as discussed in Section 2.2, H>S(g) is indicative of sulfate reduction TEAPs
in the ponds). Factors that have contributed to the strongly-reducing redox conditions in the
ponds include (1) the high concentrations of sodium sulfite in pond waters (which acts as
constant oxygen scavenger that creates anoxia; (CH2MHill 2007), and (2) algal decay (which
provides labile organic carbon that contributes to further progression of TEAPs). Aeration and
addition of hydrogen peroxide (H>O») have been used to inhibit the formation of anoxic
conditions in the ponds, and less sulfide gas is currently generated than in the past.

40 Ponds D and 4A were closed without being relined, but solids were not removed at closure; solids removal from
Pond D has been completed and Pond 4A solids removal is currently in progress. Pond G was never relined, but
solids were periodically removed from Ponds F and G throughout their active life. Solids were not removed from
the 4C ponds prior to relining, but solids were removed from the other ponds prior to relining. Solids removal
from the 4C ponds is currently in progress.
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5.2 Pond Water

FGD scrubber effluent (produced during desulfurization of power plant gases (principally
SO2(g)) using sodium bicarbonate (Na2CO3)) is the primary wastewater discharged to RGS
ponds*!' (Table 5-1). This process water contains high concentrations of dissolved sodium and
sulfate*?, as well as, entrained fly ash and COCs volatilized during coal combustion.

There are some differences in the chemistry of the various ponds. For example, settling ponds
4A, F, and G have historically exhibited TDS concentrations less than 100,000 mg/L (Figure 5-
1). By contrast, median concentrations in the evaporation ponds (4B, 4C, D, and E) are greater
than 100,000 mg/L (with the highest TDS concentrations occurring in the summer, when
evaporation is greatest). Although pond water primarily consists of sodium and sulfate (Table 5-
2), there is variability in the relative ratio of sulfate to chloride*® (Figure 5-2).

Most COC concentrations are significantly higher in the ponds than either the BG wells or
Muddy River (Table 4-3). This includes As, B, F, Mo, P, and Se (in addition to TDS and SOs).
By contrast, several COCs are most-frequently reported as ND values in pond water samples (Sb,
Cd, Cr, and TI). These contrasting results imply that the ponds are a potential source of water
quality impacts for some COCs, but not all.

5.3 Pond Solids

The effect of evaporation is to increase the concentrations of COCs to levels that exceed the
saturation index of one or more mineral phases. The USGS-supported model PHREEQC was
used to simulate evaporation of various pond waters and concomitant mineral precipitation
(using the average chemistry reported in Table 3-2).

An important decision during modeling was the selection of an appropriate thermodynamic
database to calculate saturation indices for various minerals. In the present study, three different
thermodynamic databases were used (pitzer.dat, lInl.dat, and minteq.v4.dat). Of these databases,
pitzer.dat is likely the most accurate due to its inclusion of virial** equations for the calculation
of activity coefficients at high ionic strengths (I >5 mol/L). The primary limitation of pitzer.dat is
that it includes only a restricted set of elements (and predominantly uses only the most-oxidized
valence state).

41 Other process waters have included cooling tower blowdown and bottom ash overflow water. Ponds F and G
historically served as settling ponds for scrubber blowdown fly ash. After clarification, this water was sent to the
Units 1-3 evaporation ponds. Pond 4A served a similar purpose for Unit 4 (although it also directly received FGD
scrubber blowdown) (Stanley Consultants 2013).

42 The median TDS concentration of Pond F effluent is 11,650 mg/L (Table 5-2). Ainsworth et al. 1995 reported
typical TDS concentrations of 75,000 mg/L.

43 The Piper diagram in Figure 5-2 shows relatively few data points because of the requirement of charge balance,
which is less frequently achieved in high TDS samples (see Appendix A). Although chloride is the dominant ion
in some of the pond samples in the figure, it has an overall lower median concentration relative to sulfate (Table
5-2).

4 Virial equations are semi-empirical equations used to calculate activity coefficients of aqueous electrolytes in
concentrated solutions and brines. These coefficients are important because they affect the amount of mineral
precipitation and/or adsorption that is predicted to occur.
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Calculations were performed for each pond, and the results for Pond E-1 (2007 Q1) are presented
in Figure 5-3 as an example. As shown in the figure, mirabilite (Na2SO4:10H>0O; also known as
Glauber's salt) is the primary mineral formed regardless of the database used; however, the
amount of evaporation required for precipitation is variable (48 to 74%). Also, the sequence of
mineral precipitation is database-dependent (e.g. the first-formed phases using pitzer.dat, 1lnl.dat,
and minteq.v4.dat are magnesite (and mirabilite), MgF,, and fluorite, respectively).

Corroboration of the model prediction that mirabilite is the primary mineral formed during
evaporation includes pond solids from ponds 4B and D, which are found to consist largely of
sodium® and sulfate (Table 5-3).

5.4 Porewater and Interstitial Water

Porewater represents water that is in the pore space of pond solids. The chemistry of this water is
useful for understanding changes in water chemistry caused by evaporation-driven mineral
precipitation and TEAPs. Pond interstitial leachate water is from the leak detection system and
represents water that has leaked through the top HDPE liner, but not through the bottom HDPE
liner.

Ainsworth et al. (1995) collected and analyzed porewater from Pond 4B-1 in the late 1980s
(Table 5-4). This water was generally found to have higher concentrations of sodium and sulfate
than pond waters, which is consistent with mineral buffering provided by pond salts. The water
data also provide evidence of highly-reducing conditions, characterized by negative Eh, high
levels of dissolved organic carbon, and presence of reduced sulfur species such as sulfite (SO372),
thiosulfate (S2032), and sulfide (S-?)*¢. Together, these data suggest sulfate reduction has
occurred in the evaporation ponds®’.

More-recent data from the leachate collection system provides additional insight into the
chemistry of pond infiltration (since it represents water that may have infiltrated prior to the
installation of HDPE liners). As reported in Tables 4-3 and 5-5, interstitial waters have high TDS
and sulfate concentrations, which are similar to the overlying ponds. Also, median
concentrations of other COCs are similar (although these data should not be over-interpreted
since interstitial water data is highly variable and consists of total (as opposed to dissolved) COC
concentrations).

45 Soils underlying Pond D are also enriched in sodium relative to other aquifer soils (Table 4-6); however, the
predominant cation is calcium.

46 The presence of reduced sulfur species is important because these constituents represent a significant chemical
oxygen demand that causes the redox state of pond water, pore water, and interstitial water to be highly-reducing.

47 Although SO; is predominantly generated within the FGD scrubbing system, and directly related to discharges to
the ponds, thiosulfate and sulfide occur as a result of sulfate-reducing bacteria (Ainsworth et al. 1995). Sulfide
(which occurs as hydrogen sulfide gas, H,S) is directly generated during TEAPs. Thiosulfate is formed during the
partial oxidation of sulfide.
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Section 6
Groundwater Geochemistry

This section of the report discusses the geochemistry of groundwater in the vicinity of RGS
ponds.

The major findings of Section 6 include the following:

e Several COCs (Sb, Cd, Cr, and TI) occur at non-detect levels; others are elevated in
relatively few groundwater samples (F, Mo, and Se).

e There is a correlation between proximity to ponds and manganese reducing
conditions.

e The geochemical signature of pond water is evident in groundwater samples from
wells adjacent to RGS ponds, (consistent with ponds being the source of water quality
and redox changes); significant pond water dilution is inferred.

e The lateral extent of the TDS plume (a surrogate for infiltrated pond water) has not
changed significantly in shallow, alluvial groundwater over the past twenty years;
however, TDS plume stability (including possible vertical transport) is the focus of
ongoing investigations.

e TDS is increasing in certain areas of the RGS, but decreasing in others.

6.1 Water Quality

Groundwater in the vicinity of the ponds has been impacted by pond water infiltration, with a
gradient in TDS concentrations present with depth and distance from the ponds (Figure 4-1 and
6-1a, respectively). The highest concentrations of TDS, SOu4, Na, and B***® occur adjacent to
Ponds E1 and E2 (P-7R and P-8R) (Figures 6-1a through 6-1d).

Surface water quality criteria are exceeded in groundwater for the same COCs (TDS, SOs, As, B,
and P) as the ponds (Table 4-3). Consequently, discharge of appreciable levels of impacted
groundwater to the Muddy River could result in water quality impairment for some constituents.
By contrast, several COCs (Sb, Cd, Cr, and Tl) most frequently occur at non-detect levels,
indicating no potential for surface water impacts. Finally, median groundwater concentrations of
F, Mo, and Se are below surface water quality criteria, but the range in values includes some
concentrations that exceed criteria.

48 By contrast, chloride concentrations are highest between Ponds 4B and 4C (MW-12S) (Figure 6-1¢), highlighting
the variability in relative concentrations of chloride to sulfate that is also exhibited in Figure 5-2.

4 Other constituents, while present at higher concentrations near the ponds, also exhibit greater variability in
concentrations with distance and more-frequent low-level occurrences (Figures 6-1f through 6-1j). Cr and Se, for
example, exhibit non-detect and/or low concentrations adjacent to some ponds (Figure 6-1h and 6-1i). This
implies some attenuation is occurring relative to more-conservative anions (Cl and SO4).
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6.2 Groundwater Redox

Pond infiltration has created more-reducing conditions in adjacent groundwater, as illustrated by
the higher concentrations of manganese in the vicinity of the ponds® (Figure 6-1j). Reducing
conditions are important because they change the stability of minerals that sequester COCs.
These effects are discussed in greater detail in Sections 7 and 8.

6.3 Sources of TDS and Constituents

Groundwater from wells adjacent to the evaporation ponds has the geochemical signature of a
mixture of native groundwater, pond water infiltration, and/or Muddy River infiltration.
Evidence includes the following:

e The frequency that groundwater has a geochemical signature similar to pond water
increases with proximity to the evaporation ponds. As shown in Figure 4-4, the
predominant water-type in the BG-wells is Na+Ca+Mg-SO4. By contrast, the
predominant type in in groundwater near the ponds is Na-SQO4, which is similar to the
ponds themselves (Figure 6-2).

e Piper diagrams show that most groundwater samples lie between one of three end-
member sources® (pond water, the Muddy River, or native groundwater) (Figure 6-
3).

e Chloride ratio plots show that most groundwater has a source signature that lies
between the Muddy River/native groundwater ratios and the pond ratios (Figure 6-4).
For example, pond-area groundwater (represented as black circles in both panels) has
similar (or higher) SO4/Cl and B/CI signatures than native groundwater or Muddy
River water, but lower ratios than pond water.

6.4  Transport of TDS

Water level maps show a hydraulic gradient in groundwater (Figure 6-5), and; therefore, the
potential for TDS and other constituents to be transported downgradient; however, TDS
concentration contours are close to the ponds, which indicates little horizontal transport has
occurred in shallow, alluvial groundwater. In fact, a comparison between TDS contours in 1996
and 2014 reveals little lateral migration of shallow, high-TDS groundwater (Figure 6-6)°2.

0 The levels shown are not sustainable except under reducing conditions due to the insolubility of Mn in its oxidized
valence state (Figure 4-7b).

51 As discussed in Section 2.1, a groundwater sample with a high relative proportion of pond water will plot very
close to symbols represented by the ponds in Figures 6-3 and 6-4. The fact that most groundwater is more
dispersed implies that there is a significant amount of dilution of pond water infiltration (dilution is further
quantified in Section 9.2).

52 In Figure 6-6, the high TDS that appears under the 4B and 4C ponds in 2014 but not in 1996 is an artifact of
additional groundwater monitoring wells that were later installed in the vicinity of the 4A, 4B, and 4C Ponds.
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Time-trend analysis on TDS concentrations in individual wells confirms that there is no overall,
systematic increase in TDS concentrations across the groundwater monitoring network (Figure
6-7; Appendix C). There are, however, several areas of the RGS with clusters of wells exhibiting
the same positive or negative changes in TDS. Specific observations include the following:

e Pond 4A: TDS concentrations in groundwater monitoring wells in the vicinity of this
pond have both increased and decreased.

e Ponds 4B and 4C: TDS does not exhibit a trend in most wells in the vicinity of these
ponds. There are two primary exceptions (MW-3R and MW-5). TDS concentrations
at these locations have increased by several thousand mg/L. in the past decade
(Figures 6-8a and 6-8b).

e Ponds El and E2: TDS immediately downgradient of these ponds has either
decreased or remained unchanged in most wells, despite increases in TDS
concentrations in pond water.

e Former Pond F: TDS has been increasing in an area directly north of former Pond F
(P-1R, P-17A, and P-17B). In the case of P-1R, TDS increases have been relatively
small (~1000 mg/L); however, at P-17A and P17B, increases have been much larger
(Figures 6-8c and 6-8d).

e Former Pond G: TDS has been increasing in some wells (P-18A, P-18B, P-22), but
static in others (P-19A, P-19AR, P-20A, and P-20B). It is important to note that
although concentrations in P-22 have increased by several thousand mg/L in the past
five years, there are relatively few data points. Also, TDS concentrations in P-18B are
significantly less than some concentrations prior to 2002 (Figure 6-8f).

One possible explanation for the lack of site-wide systematic increases in TDS concentrations in
shallow wells is that density differences between pond infiltration and native groundwater has
primarily resulted in downward vertical transport of TDS. An evaluation of density driven flow
will be undertaken as part of pond-area specific groundwater investigations that are to be
conducted in 2015.

In summary, results imply some transport of TDS is occurring in shallow, alluvial groundwater,
but that migration rates are slow. A more detailed understanding of the RGS hydrogeology is
needed to evaluate migration rates—this is important because low groundwater discharge rates to
the Muddy River will limit future impacts (due to dilution by surface water).
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Section 7
COC Attenuation Processes

This section of the report evaluates the importance of evaporation-driven mineral precipitation,
redox-driven mineral precipitation, and adsorption.

The major findings of Section 7 include the following:

e Evaporation-driven mineral precipitation results in the attenuation of TDS, SOs, and
B, but dissolved concentrations of these COCs remain relatively high.

e Several other minerals are also predicted to be supersaturated in pond water,
potentially leading to the precipitation of minerals containing Cd, F, Mo, P, and TI.

e Redox-driven mineral precipitation results in the precipitation of chromite (Cr),
elemental selenium (Se), selenides (Sb, TI, Cd, Se), and sulfides (As, Cd, Mo, TI, S).

e Adsorption to iron oxyhydroxides leads to the attenuation of As, B, Cd, Cr, Mo, P,
and Se.

Results presented in this section are based on geochemical thermodynamics and actual water
chemistry. For example, average concentrations of Pond E-1 water were used in the PHREEQC
model calculations (Table 3-3). Also, the redox environments and iron oxyhydroxide
concentrations were inferred from RGS data previously presented (Sections 4 and 6).

7.1  Description of PHREEQC Simulations

As discussed in Section 3.5, the geochemical model PHREEQC was used to evaluate the
following attenuation processes: (1) evaporation-driven mineral precipitation; (2) redox-driven
mineral precipitation; and (3) adsorption. The former occurs in pond water and solids due to the
concentration of TDS during evaporation (Figure 3-3). Redox-driven mineral precipitation is a
process that converts a number of redox-sensitive elements to their more-reduced (insoluble)
forms (Section 2.2). Finally, adsorption involves the sequestration of COCs on mineral surfaces
in aquifer soils. This process is reversible, and under changing environmental conditions, could
potentially result in desorption (and a subsequent release of COCs to groundwater). An important
desorption-related process is COC release during the reductive dissolution of iron
oxyhydroxides.

The model simulations described in this section of the report consisted of equilibrating
representative> water from each pond, using the following specified conditions:

(1) Evaporation-driven mineral precipitation—Pond water was assumed to be in
equilibrium with atmospheric oxygen during model calculations. Minerals with
saturation indices greater than zero (supersaturated) were allowed to precipitate from

33 Average concentrations of dissolved constituents were used for each pond in order to evaluate differences in COC
attenuation between ponds. This goal was only partially successful, as Ponds 4A and D had an inadequate set of
reported constituents to conduct the analysis. In these cases, a simplifying assumption was made that missing
parameters had similar concentrations to other ponds (Table 3-2).
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the pond water. The primary exception to this generalization was fluorapatite, which
was excluded from the model due to uncertainty in phosphorus concentrations (only
total phosphorus concentrations were available); also, inclusion of fluorapatite
resulted in lower fluoride concentrations in groundwater than observed (Section 8).

(2) Redox-driven mineral precipitation—The same initial pond water was used for these
simulations; however, the water was not buffered by oxygen. Instead, reactive organic
carbon (represented by CH>O) was reacted into the solution in order to simulate
TEAPs. The amount of carbon added (0.1 moles/kgw) was enough to drive
groundwater redox into the stability field of sulfide. Minerals with saturation indices
greater than zero (supersaturated) were allowed to precipitate from the pond water.
The only exception was orpiment (As2S3), which was not included based on
inconsistencies between model predictions and an internally-consistent model for
arsenic speciation and mineral precipitation (Vlassopoulos et al. 2010).

(3) Adsorption—Representative pond water was allowed to equilibrate with goethite and
HFO mineral surfaces. The amount of each mineral was the same as that used for the
PHAST model simulations (Table 3-3). Unlike PHAST, the reacted surfaces were
assumed to initially contain no COCs. Therefore, PHREEQC model simulations
represent the maximum amount that could be adsorbed.

It is important to understand that the evaporation-driven mineral precipitation simulations did not
actually include evaporation of water (i.e. the amount of water remained constant). Instead, the
scenario simply assumed equilibrium between supersaturated minerals and the average COC
concentrations in the ponds (this approach presumes that the average concentration already
represents some pond water evaporation—see Figure 5-2).

PHREEQC model results are presented as a series of bar plots for each COC in Figure 7-1. The
y-axis in each plot is the amount of each COC attenuated for the three scenarios described above.
Attenuation was calculated as follows:

Attenuation (%) = 100 x ( — %) (7-1)

where COC represents a specific constituent-of-concern and the subscripts f and i represent the
final and initial dissolved concentrations predicted by the model, respectively. Because the
redox-driven mineral precipitation simulations precipitated many of the same minerals as the
evaporation-driven mineral precipitation simulations, the amount of attenuation attributed to
redox processes-only was calculated as the difference between the two sets of simulations. These
calculated differences are the values reported in Figure 7-1 and Table 7-1.

7.2  Evaporation-Driven Mineral Precipitation

Based on average pond water concentrations, TDS is predicted to be partly attenuated in every
pond by the precipitation of supersaturated minerals, most notably, mirabilite (Na>SO4:10H>0)
(Figure 7-1). The amount of attenuation is proportional to the TDS concentrations in the ponds,
with the greatest mineral precipitation predicted in Ponds 4C-1, 4C-2, D, E-1, and E-2.
Evaporation-driven mineral precipitation affects concentrations of TDS, SO4, F, P, and Tl (Table
7-1). In select ponds, B, Cd, and Mo are also predicted to be attenuated by mineral precipitation.
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7.3  Redox-Driven Mineral Precipitation

TDS and sulfate attenuation due to redox-driven mineral precipitation are negligible in Ponds
4C-1, 4C-2, D, E-1, and E-2; however, there is some reduction in TDS in Ponds 4A, 4B, F, and
G (Figure 7-1). The model predicts redox-driven mineral precipitation occurs for all of the other
COCs except Sb. The most significant attenuation is for Cd, Cr, Mo, Se, and Tl (Table 7-1).

Sequence of Mineral Precipitation

There is a sequence in mineral precipitation that occurs as groundwater becomes more reduced.
The first redox-driven mineral precipitation reaction involves the conversion of Cr(VI) to
insoluble Cr(IIl) (Figure 7-2). This is followed by selenium reduction (to Se(elemental) or
selenide) and the removal of COCs that co-precipitate as selenides (Sb, Cd, and TIl). Finally,
under strongly reducing conditions, sulfide is generated and Mo and As can precipitate.

The fact that there is a sequence in redox-driven mineral precipitation is important because (1) it
means that those COCs that are insoluble over a wider range of redox conditions than others
(such as Cr and Se) are most likely to be attenuated, and (2) concentrations of Se and Mo can be
used to elucidate the extent that reducing conditions have formed under the ponds—since Mo
requires more reducing conditions than Se to precipitate (Figure 7-3), its attenuation is evidence
that sulfate reduction/sulfide formation has occurred.

Figure 7-4 illustrates the level and extent of reducing conditions in groundwater by plotting
ratios of selenium and molybdenum to chloride (a conservative ion based on PHREEQC model
results). As shown in Figure 7-4a, Se/Cl ratios are relatively lower in groundwater in the vicinity
of the ponds, which is consistent with groundwater redox achieving some geochemical reduction
(resulting in the precipitation of elemental selenium or a selenide mineral). By contrast, low
Mo/Cl ratios are not as well correlated with pond proximity (Figure 7-4b), which is consistent
with the lack of sulfate reducing conditions in some pond area groundwater.

74 COC Adsorption

The COCs that are most-strongly attenuated by adsorption to iron oxyhydroxides (HFO and
goethite) are As and P (Figure 7-1), with between 90 and 100% potentially attenuated>* (Table 7-
1). Adsorption of B, Cd, Cr, Mo, and Se also occurs. The variability in the extent of adsorption
of COCs is caused by variability in pond pH and the concentrations of competing ions. For
example, Pond 4A has relatively lower TDS concentrations and higher pH (9.4), which allows
for greater adsorption of Cd, and less adsorption for oxyanionic species such as Mo>°.

% The model simulations for adsorption did not include mineral precipitation. Thus, the amount of attenuation is
only due to adsorption. PHREEQC model simulation assumed fixed quantity of iron oxyhydroxides. The effect of
TEAPs on adsorption was simulated using PHAST (Section 8).

35 At this pH value, the surfaces of the iron oxyhydroxides are more negatively-charged, which inhibits adsorption of
negatively-charged oxyanions (such asMoO42).
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7.5 Summary

PHREEQC model simulations demonstrate that all of the COCs are potentially attenuated>®.
Evaporation-driven mineral precipitation is the primary attenuation process for TDS, SOg, B, and
F°7 (although mineral precipitation only changes dissolved concentrations of TDS, SO4, and B by
less than 10%) (Table 7-1). The generation of reducing conditions promotes the attenuation of
many additional COCs, with greater than 50% reduction in concentrations of Cd, Cr, Mo, Se, and
TIl. Finally, As, Cd, Cr, and P are strongly adsorbed by aquifer soils.

% Antimony is not predicted to be attenuated. Concentrations of this COC are very low and approximately in
thermodynamic equilibrium with insoluble oxides.

57 See footnote in the table regarding thallium. PHAST model simulations do not predict the formation of Tl,Os.
Therefore, the importance of evaporation-driven mineral precipitation for thallium is possible, but not
demonstrated in this study.
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Section 8
Fate and Transport of Constituents of Concern (COCs)

This section of the report discusses geochemical reactive transport model predictions for the fate
and transport of COCs. Section 8.1 outlines the primary objectives of modeling. The major
findings of Section 8 include the following:

e The model predicts redox buffering by manganese and iron oxides and
oxyhydroxides.

e Although the dissolution of HFO and manganese oxyhydroxides is extensive in the
alluvial aquifer directly underlying the ponds, goethite and/or magnetite remain stable
(implying long-term buffering and aquifer adsorption capacity). This will be
confirmed during pond-area-specific soil and groundwater investigations that are to
be conducted in 2015.

¢ The model confirms the importance of COC attenuation; the relative amounts of COC
attenuation includes the following:

o No attenuation for Sb (groundwater concentrations are low);
o Low (<10%) attenuation for TDS, SO4, and B;

o Potentially-high (70-80%) attenuation for As and P; and,

o High (>80%) attenuation for Cd, Cr, F, Mo, Se, and TI.

e Both adsorption and desorption of As and P occur in the alluvial aquifer (the latter is
due to the reductive dissolution of HFO in shallow soils underlying the ponds).

e Model predictions are sensitive to organic carbon fermentation rates and iron
oxyhydroxide concentrations.

Results presented in this section are consistent with the predictions in Section 7 regarding COC
attenuation. Reactive transport modeling additionally illustrates the importance of redox
buffering, the perseverance of iron oxyhydroxides, the importance of desorption (via reductive
dissolution of HFO) when interpreting spatial patterns of dissolved arsenic and phosphorus
concentrations, and the need to understand groundwater redox conditions and aquifer
mineralogy. Data gaps identified in this section of the report will be filled as part of pond-area-
specific investigations that are to be implemented in 2015 (see Section 11).

8.1 Model Objectives

As discussed in Section 3.6, the primary objective of reactive transport modeling was to provide
additional evidence for the COC attenuation processes discussed in Section 7 by calibrating the
model to measured COC concentrations using a range of reasonable model inputs (Tables 3-3
and 3-4). Secondary modeling objectives included evaluating the effect of the ponds on aquifer
geochemistry (such as groundwater redox) and identifying geochemical data gaps.

Model objectives were achieved by simulating a hypothetical pond water infiltration scenario
using the average composition of Pond E-1. Important model inputs included pond infiltration
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rates prior to HDPE liner installation and groundwater velocities (Table 3-4), neither of which is
known with certainty. Sensitivity analyses were used to evaluate the impact of varying these
inputs. The use of model simplifications, such as exclusion of density-driven flows, aquifer
heterogeneity, and impacts from adjacent ponds, implies the model is not calibrated to
hydrogeological and pond-specific field conditions (only to RGS geochemistry). As such, it is
not yet intended to be used a quantitative transport model.

8.2 Model Calibration

The model was calibrated to RGS geochemistry by adjusting two geochemical input parameters:
1) the rate of organic carbon degradation in the shallow aquifer below the ponds; and 2) the
concentrations of iron oxyhydroxides in the aquifer soils. The former parameter was constrained
by average concentrations of dissolved organic carbon from pond sediments (~500 mg/L;
Ainsworth et al. 1995) and a zero-order rate constant between 0.01 and 1 per year (Canavan et al.
2006). Concentrations of iron oxyhydroxides were constrained by concentrations of iron
measured in alluvial aquifer soils (Table 4-6). The values that were used were conservative (i.e.
the actual amount is likely greater than assumed in the model), since amorphous and crystalline
iron oxyhydroxides typically are a greater fraction of total iron concentrations (Poulton and
Canfield 2005) than represented by the mineral abundances reported in Table 3-3. Fitting was
done graphically, without use of an optimization program such as PEST (Doherty 2004).

There is no unique set of model transport parameters that describe COC concentrations directly
downgradient of the hypothetical pond. This result is illustrated in Figure 8-1, which shows
predicted and measured constituent concentrations as a function of time at monitoring well P-4
for Scenario HF-1 (high groundwater velocity) and Scenario LF-1 (low groundwater velocity).
Although neither set of assumed transport parameters adequately describes all simulated
constituent concentrations, both model scenarios predict COC concentrations within the range of
RGS data.

Some general observations regarding the model geochemical calibration include the following:

e TDS: The use of an average TDS value for pond infiltration results in predictions that
are similar to reported values; however, the variability with time is not well-
replicated. In particular, the predicted peak in TDS concentrations occurs later than
actually observed.

e Chloride: This constituent is better-represented by the model than TDS (which
indicates the ratio of chloride to other major TDS constituents has not been uniform
over time).

e pH: Predicted and measured groundwater pH values are considerably less than pond
water, which is consistent with the importance of pH-buffering of infiltrated pond
water by aquifer mineral buffers.

e Eh: Results for Eh are not shown in Figure 8-1, but the model generally predicts
higher values than groundwater from the 2014 Q3 monitoring event (Section 9). The
reason for this overestimation is that the model assumes equilibrium with manganese
oxyhydroxides (which are poised at relatively high Eh). In reality, there is redox
disequilibrium in groundwater caused by slow reaction kinetics, and Eh is more likely

31



poised by Fe*?/Fe™. A decision was made to include manganese oxyhydroxides (at
equilibrium) in the aquifer soils because dissolution of these minerals was required to
reproduce the levels of manganese observed at P-4.

8.3  Model Results

The importance of pond infiltration, mineral buffering, and COC attenuation on groundwater
geochemistry are illustrated in a series of figures that present cross-sectional snapshots of
constituent concentrations in the vicinity of the model-simulated pond. Specifically:

e Figure 8-2 illustrates changes in groundwater geochemistry due to pond water
infiltration. Each panel in the figure plots the difference in concentration of a specific
constituent between 2014 and 1974 (prior to pond operation) for Scenario LF-1%.

¢ Figure 8-3 illustrates the importance of pH- and redox-buffering provided by aquifer
minerals. The top panel in each individual figure shows predicted constituent
concentration in 2014 for the low-flow calibration presented in Figure 8-1 (Scenario
LF-1). The middle panel shows concentrations for the same constituent for the case
where no mineral buffers are present in the aquifer (Scenario LF-5). Finally, the
bottom panel is the difference between Scenarios LF-1 and LF-5.

¢ Figure 8-4 illustrates the importance of attenuation processes on groundwater COC
concentrations. The top panel in each individual figure is the same as Figure 8-3
(Scenario LF-1 at 2014). The middle panel presents COC concentrations for the case
of no attenuation via mineral precipitation or adsorption (LF-5). Finally, the bottom
panel is the difference between Scenarios LF-1 and LF-5.

Figures 8-2 through 8-4 illustrate the relative importance of different geochemical processes in
the alluvial aquifer. Conclusions reached from PHAST model simulations are further evaluated
in Section 9.

General Geochemistry

Pond infiltration has several effects on groundwater geochemistry. This includes an increase in
pH in the vicinity of the ponds (Figure 8-2a; top panel), and a decrease in Eh (Figure 8-2a;
middle panel) (driven by the introduction of labile organic carbon, and hence, the stimulation of
microbial activity). Reductive dissolution of manganese and iron oxyhydroxides is a result of
TEAPs (Figure 8-2b), and generates elevated dissolved Mn concentrations directly below the
ponds (Figure 8-2a; bottom panel). Precipitation of iron as pyrite (FeS2) may occur (Figure 8-2b;
lower panel).

The migration of alkaline and reducing conditions is restricted by chemical buffering reactions
between groundwater and native aquifer soils®. This buffering effect is illustrated in Figure 8-3a

38 Scenarios LF-1 and HF-1 both represent model scenarios that were “calibrated” to RGS data. LF-1 was selected
for visualization purposes.

% The effect of mineral buffering on dissolved Mn concentrations is more complicated. On the one hand, pre-
existing manganese oxyhydroxides in the aquifer can be reductively dissolved by bacteria directly beneath the
ponds (Figure 8-2b, top panel) (this will cause dissolved Mn concentrations to increase (see orange shaded region
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and 8-3b for pH and Eh, respectively. If no mineral buffers (such as gypsum) are present in
groundwater (middle panel in each figure), then there is predicted to be a one and three unit
increase in pH directly below the ponds (Figure 8-3a). Similarly, if manganese and iron
oxyhydroxides are not present to buffer redox, then Eh conditions are predicted to become
strongly reducing (i.e. negative) (Figure 8-3b).

The evolution of pH and Eh directly under the pond, and in groundwater directly downgradient
of the pond, is shown by the change in positions of the symbols in the Eh-pH diagram of Figure
8-5a. Directly under the pond, groundwater Eh is initially poised at positive values by a
manganese oxyhydroxide mineral called pyrolusite® (top panel, black circle). By 2002, after all
of the manganese oxyhydroxides have been reductively dissolved by TEAPs, Eh is predicted to
be negative and pH alkaline (red circle). Assuming no additional pond infiltration has occurred
in the past twelve years, there is some recovery in pH to more neutral values by 2014. At the
downgradient location, groundwater is less affected. Eh remains buffered by the presence of
pyrolusite.

Total Dissolved Solids

Predicted TDS concentrations are similar whether or not attenuation is included (Scenarios LF-1
and LF-5, respectively) (Figure 8-4a). Predicted TDS concentrations in 2014 are as high as
140,000 mg/L in groundwater below the ponds, but decrease to less than 5,000 mg/L with depth
(top and middle panels). In the horizontal direction, TDS concentrations depend on lateral
groundwater flowrates.

The maximum reduction in TDS concentrations due to attenuation is approximately 11% (Figure
8-4a; bottom panel), with the primary attenuation mechanism affecting TDS being the
precipitation of mirabilite (with smaller contributions from phosphate and borate minerals®!).

Sulfate

The predicted sulfate plume resembles TDS (Figure 8-4b), which is consistent with sulfate being
the primary anion in infiltrated pond water. The maximum reduction in sulfate concentration due
to attenuation is similar to TDS (~8%) (Figure 8-4b; bottom panel). The Eh-pH diagram for
sulfate constructed using groundwater under the pond and at P-4 (top and bottom panels in
Figure 8-5b, respectively), shows that sulfate is predominantly present in groundwater as a
complexed ion (NaSOys’). Despite the fact that both mirabilite and pyrite precipitate in model
simulations, the majority of sulfate remains dissolved.

on the bottom panel of Figure 8-3c)). On the other hand, the neutralization of reducing conditions by aquifer
manganese and iron oxyhydroxides outside the immediate area of the ponds, will result in re-precipitation, and a
reduction in dissolved concentrations compared to the unbuffered model scenario (see green shaded region on the
bottom panel of Figure 8-3c). Lower Mn concentrations are partly explained by its adsorption to iron
oxyhydroxides, which form below the depth of pyrite precipitation (Figure 8-2b).

60 Strictly-speaking, pyrolusite (MnQ,) is an oxide, not an oxyhydroxide. For simplicity, the term “Mn-
oxyhydroxide” is used throughout this report to refer to both Mn-oxides and -oxyhydroxides. The basis for this
usage is that the aquifer likely contains a mixture of both oxides and oxyhydroxides (such as manganite), and both
types of mineral behave similarly (i.e. they are unstable under reducing conditions).

61 Pre-equilibration of average Pond E-1 water with stable minerals was not assumed for Scenario LF-5. This made
it possible to calculate the difference in COC concentrations caused by evaporation-driven mineral precipitation
(LF-1 minus LF-5; bottom panel of Figure 8-4a).
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Antimony

The model predicts no significant attenuation of antimony (Figure 8-4c), despite its similar
geochemical behavior to arsenic. This result is a consequence of the very low concentrations of
antimony in pond water—in fact, concentrations used in model simulations (0.032 mg/L) are
only slightly higher than BG-1S (0.028 mg/L). Although antimony could be adsorbed to iron
oxyhydroxides under oxidizing conditions, it cannot effectively compete for the finite number of
adsorption sites available in the presence of high concentrations of competing ions (such as
arsenic) in pond water (it instead predominantly occurs as a dissolved species; Figure 8-5c).
Although under reducing conditions, antimony could precipitate as a mineral phase (oxide,
hydroxide, or selenide), its low initial concentration inhibits mineral formation (e.g. the solubility
of Sb(OH)3 is similar to reported dissolved concentrations (Langmuir 2005), but because some
degree of supersaturation is typically required for precipitation to occur, the formation of a
distinct antinomy mineral is unlikely).

Arsenic

There are areas of both increased and decreased arsenic concentrations due to mineral reactions
(Figure 8-4d). This pattern is explained by changes in the relative abundance of different iron
oxyhydroxide minerals. Adsorption of arsenic to goethite causes dissolved arsenic concentrations
to be lowest directly below the pond; however, arsenic is elevated at intermediate depths due to
its release from HFO during progression of TEAPs along the redox front>®, At greater
distances, arsenic is re-adsorbed to both goethite and re-precipitated HFO.

Boron

The maximum reduction in boron concentrations due to attenuation is approximately 5% (Figure
8-4e). This is predicted to be the result of hydroboracite precipitation during evaporative mineral
precipitation (Section 7.2). Once in groundwater, boron behaves conservatively (Figure 8-5e).

Cadmium

The maximum reduction in cadmium concentrations due to attenuation is greater than 99%
(Figure 8-4f). Cadmium can be sequestered as mineral phases such as CdSe or CdS. It can also
be attenuated as an adsorbed or exchanged species on iron oxyhydroxides, organic carbon, or
clay. The model predicts a combination of sequestered cadmium species, with CdSe
predominating under the ponds (Figure 8-5f).

Chromium

62 Arsenic is initially partitioned to both HFO and goethite (with a slightly greater affinity for HFO sorption sites
[“Hfo_"]) (Figure 8-5d, bottom panel). Following the reductive dissolution of HFO , goethite reductive dissolution
and sulfate reduction are the active TEAPs in groundwater under the pond (Postma and Jakobsen 1996). Because
goethite surface sites (“Goe_") are still present in shallow soils (Figure 8-5d, top panel), dissolved arsenic
concentrations are lower than they would be if no attenuation processes were modeled (Figure 8-4d, middle
panel).

%3 The reductive dissolution of HFO (which also adsorbs arsenic) has the effect of releasing adsorbed arsenic to
groundwater. This process increases arsenic concentrations in the area of active HFO reduction (yellow and
orange areas in the figure). At greater distances, HFO re-precipitates and adsorbs arsenic, resulting in lower
concentrations (green areas in the figure).
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Chromium is strongly attenuated under the ponds, with maximum reductions in dissolved
concentrations near 100% (Figure 8-4g). The primary attenuation process is the precipitation of
chromite (Figure 8-5g), which occurs as a result of the reduction of hexavalent chromium
(Cr(VI)) to the insoluble Cr(III). As with arsenic, there is an area away from the ponds where
concentrations are slightly elevated. This relatively small increase is caused by the reductive
dissolution and release of chromium from HFO at the leading edge of the redox front.

Fluoride

The maximum reduction in fluoride concentrations due to attenuation is 84% (Figure 8-4h), and
is due to the precipitation of fluorite (CaF>) or MgF,%. Fluorite is a very soluble mineral, and at
groundwater fluoride concentrations predicted at P-4, the mineral is unstable and could dissolve
into groundwater®. This is illustrated in the bottom panel of Figure 8-5h, where under the lower
fluoride concentrations in downgradient groundwater, no mineral is stable (only the dissolved
species F).

Molybdenum

Molybdenum can be adsorbed and/or precipitated as a mineral phase. In addition, molybdenum
in native alluvial soils can potentially be released if reductive dissolution of iron oxyhydroxides
occurs. According to Scenario LF-1 (Figure 8-41), there is a significant reduction in molybdenum
concentrations (>99%) in shallow alluvial soils due to precipitation of MoSo.

The actual precipitation of molybdenum is strongly dependent on the extent that sulfate
reduction occurs. In fact, as discussed above (Section 7.3), molybdenum is a good indicator for
the presence of sulfate reducing conditions in pond solids. For example, in cases where sulfide
generation is weak (Scenario HF-4) molybdenum attenuation is significantly less than when
more sulfide generation occurs (Scenario HF-1). The high variability in molybdenum
concentrations in different wells in the vicinity of the same pond (P4, P-7, and P-7R) (Figure 8-
7) is evidence that the occurrence of sulfate reducing conditions is variable across the RGS.

Phosphorus

Phosphorus can potentially precipitate as phosphate minerals such as hydroxylapatite or
fluorapatite in pond water (Figure 8-5j); however, inclusion of either of these minerals in model
simulations resulted in much lower concentrations than observed in monitoring well P-4,
Phosphorus is instead predicted to predominantly adsorb to (and desorbed from) goethite and
HFO (Figure 8-4;j).

Selenium

% Thermodynamically, fluorapatite is predicted to be the most stable mineral phase; however, its inclusion in the
model produced unrealistically-low dissolved fluoride concentrations in groundwater. One source of uncertainty
regarding fluorapatite is the concentration of dissolved phosphorus (only total phosphorus data is available for the
pond water).

%5 This implies that, if present, fluoride can potentially be released from pond solids and/or shallow aquifer soils
with an influx of fresh groundwater due to the dissolution of fluorite.

% Only total phosphorus data is available for the pond water, so there is uncertainty regarding the potential for
apatite minerals to precipitate. There is also uncertainty regarding the solubility constant for this mineral.
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The maximum reduction in selenium concentrations due to attenuation is greater than 99%
(Figure 8-4k). Selenium is predicted to precipitate as Se(elemental), CdSe and/or FeSe (Figure 8-
5k). As with other reduced species, there is a potential for re-oxidation of Se following cessation
of active loading (Figure 8-4k). Leaching tests of shallow soils in 2015 will be used to evaluate
the potential effect of oxidative mineral dissolution on COC concentrations.

Thallium

Thallium is similar to molybdenum in that the amount of attenuation predicted by the model
depends on the generation of strongly reducing conditions. In this case, the precipitate formed is
Tl,Se (Figure 8-51). For Scenario HF-1, sufficiently-reducing conditions are never met; however,
Eh is predicted to be slightly lower in LF-1 (-0.2 rather than -0.04 V), which is sufficient for
mineral precipitation to occur. Under a strongly negative Eh regime, greater than 99% of
thallium is predicted to be attenuated (Figure 8-41).

Predicted thallium concentrations are likely overestimated in the model, as a value of 0.09 mg/L
was used for pond water infiltration in the simulation (Table 3-3), but dissolved thallium was
detected in only one sample during the 2014 Q4 sampling (P-7R) (Table 9-2b). At this location,
thallium was reported at 0.016 mg/L, despite the fact that TDS was high (136,800 mg/L).
Incidentally, 0.016 mg/L is slightly above the applicable water quality criterion (0.013 mg/L;
Table 4-1).

8.4  Model Sensitivity

Model sensitivity tests were conducted by varying the organic carbon degradation rate and the
amount of manganese and iron oxyhydroxides initially present in the aquifer (Table 3-4). The
model predicts little effect of these parameters on several COCs (TDS, SO4, Sb, B, or F) (Figure
8-6). By contrast, predicted concentrations vary by over an order of magnitude for As®’, Cd, Cr,
Mo, P, Se, and TI. In all cases, there is significantly less attenuation when no organic carbon
degradation is included in the model (Scenario HF-4 — No CH>O). This result is consistent with
the importance of redox-driven mineral precipitation for most COCs (Table 7-1). The model
will be verified by data collected during pond-area specific investigations to be implemented in
2015.

8.5 Summary

The PHAST model confirms the results of Section 7 that most COCs are attenuated (although the
predicted attenuation of TDS, SOu, Sb, and B is generally less than the other COCs). The model
additionally provides constraints on some COCs (e.g. groundwater data is not consistent with the

7 The effect of including only very small amounts of iron oxyhydroxides (Scenario HF-2 — Low Fe) is more
complicated due to the fact that these minerals provide adsorption sites for COCs, as well as, buffer groundwater
redox. Arsenic concentrations are predicted to be lower at early times in Scenario HF-2 compared to scenario HF-
1 (normal iron), due to less release of natural arsenic from HFO during reductive mineral dissolution; however, at
later times, dissolved concentrations are similar. In contrast, concentrations are considerably less in Scenario HF-2
(it should be noted that concentrations are affected by pH, concentrations of competing ions, and location of the
monitoring point relative to redox front).
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precipitation of hydroxylapatite). Finally, the model illustrates that redox buffering by
manganese and iron oxyhydroxides is required to explain COC concentrations that are within the
range of reported data.

The model makes many simplifying assumptions, including the assumptions of homogeneity and
isotropy in aquifer physical and chemical characteristics. In particular, sensitivity analyses
demonstrate the need to better characterize important geochemical processes, such as TEAPs and
quantities of mineral buffers. An evaluation of TEAPs is presented in Section 9. Also, as
discussed in Section 11, additional geochemical characterization will be performed in 2015 (as
part of the pond-area-specific and Muddy River investigation work plans).
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Section 9
Evidence for TEAPs and COC Attenuation

This section of the report discusses evidence for the TEAPs and COC attenuation processes
identified by the reactive transport model. The major findings of Section 9 include the following:

e There are several TEAP processes occurring across the RGS, and even within,
individual wells.

e The most predominant TEAPs are manganese and iron reduction, which are enhanced
in the vicinity of the ponds.

e Groundwater is poised in the stability fields of goethite and/or magnetite, indicating
both redox buffering and COC adsorption is occurring.

e Dilution of infiltrated pond water by groundwater explains the majority of the change
in COC concentrations within the monitoring well network.

e Attenuation (via chemical reaction) is predicted to occur for every COC; the greatest
frequency of attenuation in groundwater is for B, Cd, Cr, Se, and P.

Results presented in this section are consistent with fate and transport model predictions, which
predict (1) manganese and iron oxyhydroxides are present in aquifer soils and are buffering
groundwater redox and (2) COCs are being attenuated. Differences in the relative amounts
predicted to be attenuated are primarily due to the use of simplifying model assumptions in
Section 8 and variability in chloride and COC concentrations in pond waters not included in the
attenuation calculations.

9.1 Groundwater Monitoring Results (2014 Q3/Q4)

Groundwater sampling conducted in the third and fourth quarters of 2014 included analysis of
parameters not included in the routine groundwater monitoring program. The goal of this work
was to characterize the redox status of the alluvial aquifer, and therefore, better understand the
potential for COC attenuation. The primary change from previous quarterly monitoring was the
analysis of a more-extensive set of groundwater redox parameters, which included: 1) field
parameters for DO, ORP, ferrous (Fe*?) iron, and dissolved manganese; 2) Biological Activity
Reaction Tests (BART) (to further deduce TEAPs based on bacterial populations); and 3)
speciation of As, Cr, and Se in groundwater (to determine the predominant valence of these
redox-sensitive COCs). In addition, groundwater samples collected for dissolved parameter
analyses were filtered in the field rather than at the laboratory, as had been the normal practice.
The third quarter groundwater sampling began in August 2014, but had to be halted on
September 8 due to Muddy River flooding. Wells that had not yet been sampled and were
accessible were sampled in October 2014 during the fourth quarter groundwater sampling event.

Comparison to Historical Data

Field parameters for the 2014 Q3/Q4 sampling events are reported in Tables 9-1a and 9-1b,
respectively. The post-flood data (Q4) is not significantly different than the pre-flood data in
similar areas of the RGS. There are also no significant differences in dissolved iron
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concentrations between field-measured and laboratory-measured dissolved iron concentrations
(Figure 9-1a).

The primary difference in the 2014 data is the relatively high concentrations of dissolved
manganese in field parameters compared to either laboratory manganese or historical data
(Figure 9-1b). The source of this discrepancy does not appear to be related to oxidation of
manganese in laboratory samples since groundwater was field filtered and there were no similar
differences in the iron data.

The spatial differences in dissolved manganese concentrations are displayed for the 2014 field
and laboratory data in Figures 9-2a and 9-2b, respectively. Because most groundwater in the
vicinity of the ponds has elevated manganese concentrations in both sets of data, the
interpretation that the ponds are impacting groundwater redox conditions is unchanged. The
primary change in interpretation (between field and laboratory data) is that manganese reduction
is not indicated from the laboratory analysis on groundwater from BG-1S (but is indicated from
the field data). Re-sampling of this well for dissolved manganese (using both lab and field
methods) is planned for 2015.

Interpretation of Field Parameters

There are several TEAP processes occurring across the RGS, and even within, individual wells.
This is demonstrated by the co-occurrence of oxygen, nitrate, elevated manganese, and iron
within the monitoring network (Table 9-2). The existence of multiple TEAPs can be explained
by (1) mixing of groundwater from different depths within a screened interval poised at different
redox states, and/or (2) overlap of TEAPs, which is common in groundwater due to variability in
crystallinity of minerals containing redox-sensitive elements (Postma and Jakobsen 1996), and
(3) the requirement that bacterial populations require a certain degree of redox disequilibrium
(USEPA 2002).

The most predominant TEAPs indicated from the data are manganese and iron reduction.
Manganese reduction can be recognized by dissolved concentrations that exceed 0.05 mg/L
(USGS 2009), which is a requirement met in virtually all monitoring wells (Figure 9-2a) (even
considering that concentrations are biased high (Figure 9-1), does not dramatically alter this
interpretation (Figure 9-2b)). The effect of pond infiltration is to cause an increase in dissolved
manganese concentrations in groundwater relative to upgradient well BG-18S. This increase could
be related to several processes: 1) introduction of labile organic carbon (e.g. highest dissolved
organic carbon (DOC) concentrations occur in wells MW-11S, MW-12S, and MW-14S), which
potentially increases the rate of reduction of naturally-occurring manganese oxyhydroxides; 2)
direct infiltration of manganese from pond water, which has elevated concentrations of
manganese (Table 5-2); and 3) buffering of groundwater by Mn*>-minerals precipitated in pond
solids and shallow aquifer sediments (such rhodochrosite; Figure 8-5a).

Iron-reducing conditions (identified by concentrations greater than 0.1 mg/L; USGS 2009) are
inferred in a subset of wells in the vicinity of the ponds (Figure 9-2¢). Iron-reducing conditions
are most prevalent in three areas: 1) near Pond 4A; 2) select monitoring wells between the
Muddy River and the Unit 4 Ponds; and 3) Ponds F and G. By contrast, iron concentrations are
relatively low both within and downgradient of Ponds 4B, 4C, and E. The difference in iron
concentrations across the RGS implies variability in the extent of TEAPs. The lower iron
concentrations in some ponds could be related to the fact that they were lined and/or the
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mitigation measures designed to reduce the generation of hydrogen sulfide gases were successful
at also slowing the progression of TEAPs.

Eh closely correlates with dissolved iron concentrations, with lower values indicating more-
reducing conditions near certain ponds (Figure 9-2d). ORP electrodes typically respond to the
redox couple that reacts most rapidly on the electrode surface, which in most cases, is ferric
(Fe*™) and ferrous (Fe*?) iron (USEPA 2002). Figure 9-3 shows that measured Eh values do not
lie on a stability field line for nitrate, manganese, or sulfate (9-3a, 9-3b, and 9-3f, respectively);
instead, most Eh measurements lie near redox stability lines that define the boundaries between
HFO/Fe*? or goethite/magnetite (Figure 9-3c and 9-3e, respectively) (note: all lie within the
stability field of goethite; Figure 9-d). Together, the dissolved Fe and Eh results are consistent
with some iron reduction occurring in all wells, but with the greatest amount occurring in select
areas near some ponds.

BART Tests

Bacterial populations are consistent with the interpretation that multiple TEAPs are operative in
RGS groundwater, including most individual wells (Table 9-3). As shown in Figure 9-4, slime
forming (including aerobic) bacteria (SLYM), iron-related bacteria (IRB) (both oxidizing and
reducing), and sulfate-reducing bacteria (SRB) are present in groundwater. The co-occurrence of
SLYM and SRB, in particular, implies redox disequilibrium and/or mixing of waters along the
well screen. Also, the co-occurrence of IRB and SRB in nearly all wells is consistent with (1) the
overlap in sulfate and iron reduction caused by the presence of crystalline iron oxyhydroxides
such as goethite (Postma and Jakobsen 1996), and (2) the relatively high concentrations of
sulfate to readily-available iron (Roychoudhury et al. 2003).

Samples with the highest levels of SRB are generally those with the highest dissolved Fe
(indicating that the most reducing conditions occur in these wells). For example, the highest
estimated SRB population (>100,000 cfu/mL) is found in CMW-2S (Figure 9-4a), which also
has relatively high dissolved Fe concentration (Figure 9-2c). Locations where SRB are both high
and greater than IRB include several of the same wells near Pond 4C% (KMW-2S, MW-5, and
MW-2R) and Unit 1-3 (KMW-8R, P-17B, P-18B) that exhibit elevated dissolved iron
concentrations.

The BART tests on samples obtained in October, 2014 represent a range of locations across the
RGS. An important distinction between these samples and those collected prior to the September
2014 flood, is a relatively higher level of slime-forming bacteria in most samples (Figure 9-4e).
It is possible that the infiltration of aerobic Muddy River water stimulated aerobic bacteria
capable of slime formation.

COC Speciation

A separate measure of aquifer redox conditions is the speciation of arsenic, chromium, and
selenium in groundwater samples. According to the reported Eh-pH conditions of groundwater
(Figure 9-5), the relative speciation of COCs should include a range of relative concentrations of
As(IIT) to As(V) and much higher concentrations of Cr(IIl) to Cr(VI) and Se(IV) to Se(VI). A

% Solids were not removed from the 4C ponds before they were lined, and this could partially explain the
differences from results near the 4B ponds (which were removed before re-lining).
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comparison of measured speciation relative to this hypothesis includes the following
observations:

e As(III) concentrations are more frequently lower than As(V); however, wells with the
highest As(IIl) concentrations are more likely to have low Eh (KMW-2D, CMW-7D,
MW-1R, SMW-2D, KMW-8R, P-20B, and P-19AR) (Figure 9-6).

¢ In the case of chromium, it would be expected that dissolved concentrations would be
predominantly below detection limits because Eh is poised in the stability fields of
insoluble Cr(IlI). In fact, all chromium concentrations were ND, consistent with
Figure 9-5.

e Selenium concentrations would be expected to be ND in a majority of samples
because most groundwater is poised in the stability field of insoluble Se(0). The
speciation results in Table 9-2 reveal that only 8 of 38 samples (21%) had detectable
quantities of selenium, consistent with this hypothesis. For those samples with
detectable selenium, Se(IV) was only reported for one sample, which implies some
redox disequilibrium in the groundwater.

Interpretation of Redox Parameters

There are multiple TEAPs occurring in RGS groundwater, with manganese reduction, iron
reduction, and sulfate reduction likely occurring within any particular screened interval in most
wells. Although BART tests indicate the presence of sulfate reducing bacteria (even in BG-1S),
all other indicators poise groundwater in a more oxidized state (within the stability field of one or
more iron oxyhydroxides; Figure 9-3). Redox poising implies that there is an abundance of iron
minerals such as goethite available to buffer groundwater redox and provide adsorption of COCs.

In upgradient well BG-1S, manganese reduction is inferred to be the dominant TEAP process
due to higher manganese concentrations in groundwater relative to iron, and the presence of IRB
that oxidize ferrous iron. By contrast, in some of the wells near the ponds, simultaneous
iron/sulfate reduction is inferred® by the lower Eh readings, higher dissolved Fe concentrations,
and the increased activity of SRB. Although sulfide is known to be generated in the ponds
(Ainsworth et al. 1995), there are no indications from redox data that sulfate reducing conditions
have significantly migrated into the aquifer. Evidence that Fe reduction is instead the most
prevalent TEAP associated with pond infiltration includes the following:

¢ Dissolved Fe concentrations are elevated in the vicinity of the ponds (Figure 9-2c¢),
but Eh remains positive (and within the stability field of one or more iron
oxyhydroxides).

e Sulfide is ND in all samples (Table 9-2), which is consistent with the redox-buffering
effects of iron oxyhydroxides (any sulfide generated would be consumed via reaction
with the Fe(III) minerals).

% Although wells with high dissolved iron concentrations also have high manganese concentrations, it is not known
if manganese reduction is an active TEAP. The observed manganese may have been previously liberated by
manganese reduction and is now either unbuffered or buffered by a more soluble Mn*>-minerals (such as
rhodochrosite; Figure 9-3b).
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e There is a significant decrease in the potential for sulfate reduction with distance from
the bottom of the ponds. This is because the driving force behind TEAPs is microbial
degradation of organic carbon, which includes organic matter in pond solids and
infiltrated DOC. Particulate-bound organic carbon deposited in ponds is immobile,
and DOC concentrations decrease significantly with distance from the ponds. For
example, DOC concentrations of 357 to 917 mg/L have been reported in Pond 4B
porewater [Table 5-4]; by comparison, 58-78 mg/L occurs in underlying monitoring
wells MW-12S and MW-14S (Figure 9-7), and finally, to 3.2-4.1 mg/L in adjacent
monitoring wells MW-15S and MW-165).

There appear to be three areas where iron-reducing conditions are most prevalent: 1) near Pond
4A (where solids are only now being removed); 2) select monitoring wells between the Muddy
River and the Unit 4 Ponds; and 3) Ponds F and G. The observed variability in TEAPs is likely
related to heterogeneity in past pond leakage rates, time-varying fluxes of organic carbon to the
aquifer, and groundwater flow direction.

The PHAST reactive transport model presented in Section 8 is consistent with the 2014 Q3/Q4
groundwater monitoring results. For example, the model predicts redox buffering by manganese
and iron oxyhydroxides in aquifer soils, which is consistent with observed increases in Fe and
Mn concentrations in groundwater caused by TEAPs. The model also predicts that sulfate-
reducing conditions have been generated under the ponds, but that redox buffering has inhibited
migration of these strongly-reducing conditions. The absence of measurable sulfide in
groundwater is consistent with this model prediction.

The presence of iron oxyhydroxides in aquifer soils implies that future migration of reducing
conditions will be limited (pond closure and solids removal should result in less loading of
reduced species to react with the remaining buffer’®). Although the amount of future buffering
capacity depends on the quantity of iron oxyhydroxides remaining in the aquifer, the model used
conservatively-low concentration estimates for goethite. The model predicts that greater than
99% of the goethite is preserved’!’? (even in the most reduced environments). This implies that
the redox buffering capacity of the aquifer is not likely to be exceeded in the future.

9.2  Dilution and Attenuation Calculations Using Chloride

The PHREEQC and PHAST models predict that chloride is behaving conservatively (Sections 7
and 8). This means that the increase in chloride concentration over native groundwater levels in a

70 There should be no loading now except for 4A and 4C ponds (where solids are still in contact with native soils).

" The calibrated model did not include magnetite (a mixed Fe(I)-Fe(IlI) mineral), which is a possible reductive
dissolution product of iron. When magnetite was included, the effect was to decrease goethite directly under the
ponds (<3 ft.) by about 50%; however, goethite was not predicted to decrease elsewhere in the model.
Consequently, strongly-reducing conditions are still predicted to occur only directly below the ponds.

2 The precipitation of magnetite buffers redox at a level above sulfide generation, inhibiting the formation of pyrite.
This may be another process that restricts sulfide generation from migrating into the alluvial aquifer. Namely,
TEAPs in aquifer soils may terminate in magnetite formation without ever reaching redox conditions sufficient to
generate sulfide. The alignment of Eh along the goethite/magnetite phase stability boundary (Figure 9-3d)
suggests this process is occurring in at least some groundwater.
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particular monitoring well can be used to estimate the relative proportions of pond water-to-
native groundwater, assuming the ratio of chloride in either of the primary sources (groundwater
or pond) has not dramatically changed over time”® (see Section 2.1). Once the amount of pond
water dilution has been estimated in a groundwater sample, this value can then be used to
calculate the amount of attenuation that has occurred (Section 3.7).

Using equation 2-1 (Section 2.1) and chloride data, dilution of infiltrated pond water in the
alluvial aquifer is predicted to be highest in many of the wells near the Muddy River (Figure 9-
8), which is consistent with greater distances to these wells from the ponds, as well as the
possibility of a contribution from the river, which is believed to be a losing stream in the area of
the Unit 4 ponds. The least amount of dilution is calculated in wells immediately downgradient
of Ponds El, and E2, where the river is believed to be a gaining stream, as well as, Pond 4B.
Interestingly, the Eh in many of these same wells is relatively high (Figure 9-2d), which implies
redox is not a simple function of the percentage of pond water in a particular well.

The fraction of attenuation for each COC not specifically explained by pond water dilution was
calculated using equation 3-2 (Section 3.7). Results of this analysis are reported as the
percentage of COC attenuated for select wells in Table 9-4 and Figure 9-9 (As, Mo, and Se
results are shown separately in Figures 9-10a, 9-10b, and 9-10c, respectively). Values in the table
that are reported to be less than zero are interpreted as increases in dissolved COC concentrations
due to processes such as desorption and/or release of the COC from native aquifer soils (as
discussed in Section 8.3, the reductive dissolution of HFO in aquifer soils releases naturally-
occurring COCs from aquifer soils).

Dilution of infiltrated pond water by groundwater is predicted to be the primary process
responsible for observed changes in COC concentrations within groundwater; however, some
COC attenuation is also predicted to occur for each of the COCs evaluated (Figure 9-9). Those
that are attenuated in more than half of all monitoring wells associated with any particular pond
include B, Cd, Cr, P, and Se. The attenuation of B and P is likely due to some evaporation-driven
mineral precipitation (Figure 5-3). By contrast, Cd, Cr, and Se are likely attenuated by redox-
driven mineral precipitation, since (1) there is clear demonstration of some change in redox
conditions in the vicinity of the ponds (Section 9.1), and (2) these COCs are the first to
precipitate during TEAPs (Figure 7-2). Selenium attenuation, for example, is high even at the
downgradient edge of Ponds B, El, and E2, where iron reducing conditions are relatively mild
(Figure 9-10b).

Those COCs that are not predicted to be attenuated in at least half of samples from at least one of
the pond areas includes SO4, As, and Mo. A description of the predicted attenuation for each
includes the following:

e For sulfate, less attenuation is predominantly associated with Ponds E1 and E27*.

e For arsenic, the prediction of less attenuation is related partly to its release from
naturally-occurring iron oxyhydroxides (particularly HFO) during reductive

3 Although this requirement may not hold for all ponds (Figure 5-2), median source concentrations were used to
account for time varying changes in chloride concentrations.

" As shown in Figure 8-1, sulfate concentrations near these ponds have varied with time. Use of an average, as
opposed to median, sulfate concentration would have resulted in greater model-predicted attenuation
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dissolution of iron minerals (Figure 9-11a). This TEAP should produce elevated
concentrations along the iron oxyhydroxide dissolution redox front”>’® (Figure 8-4d).

® Molybdenum is similar to arsenic in that, under background conditions, it is likely
present in aquifer soils on the surfaces of HFO (Figure 9-11b). As reductive
dissolution occurs, molybdenum is released to groundwater, which can cause an
apparent increase (represented by negative values in Figures 9-9 and 9-10b).
Although arsenic and molybdenum can both be precipitated as sulfides, the fact that
attenuation of these COCs is not predicted to occur as frequently as others (e.g. Cr,
Se) indicates that the extent that sulfate-reducing conditions are present is variable
across the RGS.

In summary, pond water dilution accounts for the majority of the decrease in COC
concentrations from pond water to groundwater; however, COC attenuation is required to
explain observed COC concentrations in groundwater. The COCs most-affected by geochemical
attenuation mechanisms are the same as those identified by the geochemical reactive transport
model (Section 8) (B, Cd, Cr, Se, and P). The primary deviation between model predictions and
calculated attenuation is that PHAST generally predicts greater attenuation of COCs. This
difference is attributable to the following factors:

1) Pond water dilution and COC attenuation calculations require several simplifying
assumptions, and therefore, include a degree of uncertainty (e.g. assumptions are
made about constant pond concentrations).

2) The reactive transport PHAST model assumes that mineral precipitation occurs when
groundwater concentrations exceed the thermodynamic solubility product of the
mineral; in fact, a degree of mineral supersaturation is typically required for mineral
precipitation to occur (due to kinetic inhibition).

3) The minteq.v4.dat database overestimates activity coefficients in highly saline water,
which means PHAST may predict greater precipitation than actually occurs (Figure
5-3a vs. Figure 5-3c).

4) There is considerable redox variability at the RGS, which is a factor that greatly
affects the extent that COCs are precipitated due to changes in their oxidation state.
The PHAST model only simulated one potential flowpath. If Eh conditions are less
negative than simulated under the ponds, some COCs (such as Mo and T1) will be
more mobile than predicted.

Although the pond water dilution and COC attenuation calculations are only estimates, they are
consistent with the conceptual model of COC fate and transport discussed in Sections 7 and 8.

5 It should be noted that PHAST predicts an overall decrease in dissolved arsenic in groundwater, partly due to re-
adsorption at greater distances (where iron oxyhydroxide re-precipitation occurs). Furthermore, release is
principally from HFO (not goethite). Even if goethite was reduced to magnetite, the adsorption capacity of
goethite and magnetite is similar (Dixit et al. 2003).

76 There is not a clear correlation between elevated arsenic and iron concentrations in Figure 9-10a. Consequently,
this conceptualization of arsenic geochemistry is an important data gap. One method of analysis that would be
useful for better constraining arsenic geochemistry is quantification of the concentration iron oxyhydroxides (and
associated adsorption capacity) in aquifer soils. These analyses are planned for 2015.
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Section 10
Preliminary Geochemical Conceptual Site Model

The data presented in this report is consistent with the following preliminary conceptual model
of groundwater geochemistry and COC attenuation at RGS (Figure 10-1):

The un-impacted alluvial aquifer contains manganese and iron oxyhydroxide minerals
with surface adsorption sites occupied by cationic and anionic species that include most
of the COCs in this study. Equilibrium between mineral surfaces and groundwater
maintains a background level of COCs in alluvial groundwater.

There is a limited supply of naturally-occurring labile organic carbon in the alluvial
aquifer, as inferred by the very low levels of DOC in BG-1S. Although TEAPs utilizing
this carbon source are sufficient to produce manganese (and possibly co-existing iron)
reduction, they are unlikely vigorous enough to significantly change the oxyhydroxide
mineralogy (and/or abundance) in aquifer soils.

An important effect of the ponds prior to the installation of HDPE liners has been to
supply labile organic carbon in the form of solid-phase organic matter (SOM) and DOC.
SOM is mostly restricted to pond solids, but the DOC infiltrated (with pond water) into
the alluvial aquifer in the past (before the ponds were lined). The net result of these
additional sources of organic carbon is an increase in TEAPs, ultimately leading to
sulfate reducing conditions in pond solids (and the precipitation of sulfide minerals).

Sulfate reducing conditions are likely restricted to pond solids due to the redox-buffering
capacity of manganese and iron oxyhydroxides in alluvial soils (i.e. these minerals will
react with dissolved sulfide and organic carbon to inhibit the migration of a strongly-
reducing redox front). Therefore, the net effect of the ponds is primarily to enhance rates
of manganese- and iron-reduction in the alluvial aquifer (as demonstrated by the
relatively higher Mn and Fe concentrations in groundwater). In shallow alluvial soils
directly underlying the ponds, both HFO and manganese oxyhydroxides have likely been
reductively dissolved; by contrast, goethite and magnetite remain stable (Figure 9-1). At
greater distances from the ponds, where the supply of organic carbon is limited, TEAPs
are less robust, and HFO will re-precipitate via oxidation of dissolved ferrous iron (Fe*?)
by manganese oxyhydroxides (such as manganite and pyrolusite [MnOOH and MnO-,
respectively]) in native soils.

COCs are attenuated in pond water via mineral precipitation (due to process water
cooling and evaporation). The primary mineral precipitated in pond solids is mirabilite
(Na2S04:10H20); however, other COCs can be sequestered via borate, fluorite, and/or
phosphate mineral precipitation (B, F, and P, respectively). To the extent that reducing
conditions occur within pond solids, a host of additional COCs can be attenuated via
redox-driven mineral precipitation. The order that precipitation is likely to occur during
the sequence of TEAPs is Cr ~ Se > Cd > Mo > Tl (As and Sb are not predicted to
precipitate as minerals in the reactive transport model, but do form stable sulfide minerals
in nature). Pond water dilution and COC attenuation calculations provide evidence that
COC attenuation in groundwater has occurred (i.e. B, Cd, Cr, and Se are found to be
attenuated in excess of dilution in nearly all wells; SO4, As, Mo, and P in a subset).
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Lastly, adsorption is an attenuation process that will inhibit the migration of most COCs
to the Muddy River and offsite via the groundwater pathway (including As, B, Cd, Cr,
Mo, P, and Se). The relative importance of adsorption is variable due to the dissolution
and precipitation of HFO and goethite that occurs as a result of TEAPs. Specifically,
HFO has likely been dissolved from aquifer sediments in areas nearest the ponds. The
effect of dissolution has been to locally increase the concentration of certain COCs (As,
Mo, and P) due to their co-dissolution (desorption). At greater distances, COCs will be
re-adsorbed to goethite (and possibly HFO, where it re-precipitates near the edge of the
redox plume). Chloride ratios of some COCs (As, Mo) show a variable pattern, with both
increases and decreases in ratios relative to the ponds (consistent with both adsorption
and desorption occurring).

In summary, all of the COCs are attenuated by mineral precipitation and/or adsorption reactions.
The former process predominantly occurs in pond water and solids and shallow soils directly
under the ponds. The latter occurs throughout the alluvial aquifer, and is primarily due to the
presence of iron oxyhydroxides (such as goethite) that are ubiquitous in alluvial aquifer
sediments.

Although TDS, SO4, and B are predicted to be attenuated, dissolved concentrations remain
relatively high. This means that the fate and transport of these particular COCs is controlled by
hydrogeological factors.
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Section 11
Conclusions

The principal conclusion of this report is that COCs are being attenuated. This conclusion is
based on the following lines of evidence:

COCs form stable mineral phases and surface complexes. Geochemical modeling
indicates that COCs will be sequestered under favorable geochemical conditions.
Specifically, high TDS promotes the formation of salts containing SO4, B, and F.
Also, iron- and sulfate-reducing conditions promote the precipitation of chromite
(Cr), elemental selenium (Se), selenides (Sb, Tl, Cd, Se), and sulfides (As, Cd, Mo,
Tl, S). Finally, COC adsorption occurs in the presence of iron oxyhydroxides (As, Cd,
Cr, No, P, and Se) and organic carbon (Cd).

Geochemical conditions in pond solids and aquifer conditions are conducive to
mineral precipitation and COC adsorption. Evaporation in pond water results in
TDS concentrations (>300,000 mg/L) that are favorable to salt precipitation. Also,
iron- and sulfate-reducing conditions (that promote redox-driven mineral
precipitation) are inferred from the presence of Fe(Il) and sulfide in groundwater, as
well as, the presence of IRB and SRB. Finally, redox measurements and COC
speciation analysis indicates groundwater is poised in the stability field of goethite,
which is an important mineral for COC adsorption.

Reactive transport model calibration requires COC attenuation. Indirect
evidence for COC attenuation is that inclusion of mineral precipitation, adsorption,
and redox buffering is required to accurately predict dissolved COC concentrations in
the vicinity of RGS ponds.

Pond solids and groundwater data are consistent with COC attenuation. Direct
evidence for COC attenuation includes ponds solids, which primarily consist of
mirabilite (Glauber’s salt), but also contain other COCs. In addition, pond water
dilution and COC attenuation calculations demonstrate that the reduction in COC
concentrations from the ponds to groundwater cannot be explained by dilution alone.
Some attenuation is required to explain the observed reduction in COC concentrations
analyzed by this method (SOs4, As, B, Cd, Cr, Mo, P, and Se).

The preliminary geochemical CSM discussed in this report is based on existing data, and is
therefore not expected to change substantially in the future; however, further refinement of the
CSM will occur following the collection of additional data during the pond-area-specific and
Muddy River investigation work plans that are to be implemented in 2015. This additional
geochemical characterization will include the following:

Refinement of the Nature and Extent of Groundwater Impacts. The depth of
brine migration in areas of the highest TDS concentrations will be evaluated using a
direct-push hydraulic profiling tool to collect continuous geological and water quality
data (such as specific conductance). Paired water and soil samples will also be
collected using Geoprobe sampling methods in the pond areas; these samples will be
analyzed for COC concentrations and redox speciation to further characterize depths
of impacts.
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¢ Identification of Soil Minerals. XRD and XRF will be performed on soils
underlying the ponds to determine the minerals present in impacted areas. Also,
sequential extraction analysis will be performed to determine the association of COCs
with different operationally-defined minerals. This information will be used to
corroborate the attenuation mechanisms identified in this preliminary geochemical
CSM, as well as, evaluate the extent that reducing conditions are present.

¢ Determination of the Leaching Potential of Soils. Batch leaching tests will be
conducted on shallow soils to determine the potential for long-term groundwater
impacts following pond closure. This information will be related to the observed
mineralogy.

¢ Quantification of the Adsorption and Buffering Capacity of the Native Aquifer.
Mineralogy obtained from XRD, XRF, and sequential extractions of un-impacted
soils will be used to quantify the concentrations of iron and manganese
oxyhydroxides in soils that buffer COC concentrations and redox. Batch adsorption
tests using spiked groundwater will also be conducted to quantify the abundance and
adsorption capacity of these mineral phases.

Because an important conclusion of this preliminary geochemical CSM is that TDS and sulfate
are relatively non-reactive, the long-term effect of groundwater on the Muddy River ultimately
requires a better understanding of RGS hydrogeology. Additional hydrogeological
characterization planned for 2015 includes the mapping of groundwater density to determine the
nature and extent of the TDS plume, as well as, to evaluate the importance of vertical transport.
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Figure ES-1. Summary of the physical and chemical attenuation processes in the vicinity of RGS ponds.
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O Pond 4B-1
Muddy River MR-2

® 90% MR-2, 10% Pond 4B-1

Figure 2-1. Example Piper Diagram showing a Pond 4B-1 water sample (2004 Q1), Muddy River (MR-2) sample (2004 Q1), and a hypothetical
mixture.
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Figure 2-2. Eh-pH diagram for iron showing BG-1S relative to the stability fields of Fe(ll) and Fe(lll)
minerals and aqueous species.
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Figure 3-3. Summary of the physical and chemical attenuation processes in the vicinity of RGS ponds and processes simulated using PHREEQC
and/or PHAST.
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Figure 4-1. Box-and whisker plots showing TDS concentrations in water samples.
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Figure 4-2. Time series and robust linear regression fit of TDS concentrations in the Muddy River.
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Figure 4-3. Piper diagram showing the chemical composition of the Muddy River and BG-well groundwater.
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Figure 5-1. Changes in TDS concentrations in pond water as a function of time.
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Figure 5-1 (cont’d Changes in TDS concentrations in pond water as a function of time.
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Figure 5-1 (cont’d). Changes in TDS concentrations in pond water as a function of time.
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Figure 5-3a. PHREEQC-predicted quantities of minerals precipitated as a function of pond water
evaporation using the following thermodynamic database: a) pitzer.dat.
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Figure 5-3b. PHREEQC-predicted quantities of minerals precipitated as a function of pond water
evaporation using the following thermodynamic databases : b) lInl.dat.
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Figure 6-2. Distribution of water types in ponds and groundwater.
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Figure 6-3. Piper diagram showing the chemical composition of groundwater relative to the Muddy River, BG-well groundwater, and pond water.
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Figure 6-6a. Spatial distribution of TDS concentrations as a function of time: a) plan view.
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Figure 6-6b. Spatial distribution of TDS concentrations as a function of time: b) cross-section.
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TDS TREND ANALYSIS (2003 - PRESENT)
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Figure 6-8. TDS concentrations in selected monitoring wells with statistically-significant time-series trends.
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Figure 6-8 (cont’d). TDS concentrations in selected monitoring wells with statistically-significant time-series trends.
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Figure 7-1. PHREEQC-predicted changes in COC concentrations in ponds due to mineral precipitation-only, redox-driven mineral precipitation-
only, and adsorption-only.
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Figure 7-1 (cont’d). PHREEQC-predicted changes in COC concentrations in ponds due to mineral precipitation-only, redox-driven mineral
precipitation-only, and adsorption-only.
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Figure 7-1 (cont’d). PHREEQC-predicted changes in COC concentrations in ponds due to mineral precipitation-only, redox-driven mineral
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Figure 8-1. Model calibration results (Scenario HF-1 — High Flow; Scenario LF-1 — Low Flow).
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Figure 8-1 (cont’d). Model calibration results (Scenario HF-1 — High Flow; Scenario LF-1 — Low Flow).
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Figure 8-1 (cont’d). Model calibration results (Scenario HF-1 — High Flow; Scenario LF-1 — Low Flow).
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Figure 8-1 (cont’d). Model calibration results (Scenario HF-1 — High Flow; Scenario LF-1 — Low Flow).
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Figure 8-2a. PHAST model-predicted changes in groundwater geochemistry between 1974 and 2014 due to

ponds (Scenario LF-1): a) pH, Eh, and dissolved manganese.
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Figure 8-2b. PHAST model-predicted changes in groundwater geochemistry between 1974 and 2014 due to
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Figure 8-4c. PHAST predicted changes in groundwater geochemistry in 2014 due to COC attenuation

(Scenario LF-1 vs. LF-5): ¢) antimony.
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Figure 8-4d. PHAST predicted changes in groundwater geochemistry in 2014 due to COC attenuation
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Figure 8-4f. PHAST predicted changes in groundwater geochemistry in 2014 due to COC attenuation
(Scenario LF-1 vs. LF-5): f) cadmium.
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Figure 8-4g. PHAST predicted changes in groundwater geochemistry in 2014 due to COC attenuation

(Scenario LF-1 vs. LF-5): g) chromium.
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Figure 8-4h. PHAST predicted changes in groundwater geochemistry in 2014 due to COC attenuation
(Scenario LF-1 vs. LF-5): h) fluoride.
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Figure 8-4i. PHAST predicted changes in groundwater geochemistry in 2014 due to COC attenuation
(Scenario LF-1 vs. LF-5): i) molybdenum.
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Figure 8-4j. PHAST predicted changes in groundwater geochemistry in 2014 due to COC attenuation

(Scenario LF-1 vs. LF-5): j) phosphorus.
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Figure 8-4k. PHAST predicted changes in groundwater geochemistry in 2014 due to COC attenuation
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Model-Predicted
Dissolved Thallium (2014)

Dissolved Thallium - With Attenuation
| Hypothetical Pond |

0 |
—

l

Thallium
(mg/L)
0 (logscale)

05

50 - -1
15
2
25
-3

1]
[an] -
)]

Elevation (feet)

Groundwater Flow —»

-100 T T T T
0 500 1000 1500 2000 2500

Dissolved Thallium - No Attenuation
| Hypothetical Pond |

Thallium
(mg/L)
0 (logscale)

0.5

-50- - -
-1.5
2
25
-3

|
= -
tn

Elevation (feet)

Groundwater Flow —
-100

I I I T
0 500 1000 1500 2000 2500

Difference in Dissolved Thallium Due to Attenuation

Hypothetical Pond .
0 | ' 100 Change in
£80  Thallium

£|60
S0 (%)

Elevation (feet)
¢
I
(=]

00 Groundwater Flow —» -80
-1 | | | :
0 500 1000 1500 2000 2500

Distance (feet)

Figure 8-41. PHAST predicted changes in groundwater geochemistry in 2014 due to COC attenuation
(Scenario LF-1 vs. LF-5): 1) thallium.
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Figure 8-5a. Eh-pH diagrams showing predicted groundwater relative to the stability fields of minerals and
agqueous species containing: a) manganese.
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Figure 8-5b. Eh-pH diagrams showing predicted groundwater relative to the stability fields of minerals and
aqueous species containing: b) sulfur.
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Figure 8-5c. Eh-pH diagrams showing predicted groundwater relative to the stability fields of minerals and

agqueous species containing: ¢) antimony.
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Figure 8-5d. Eh-pH diagrams showing predicted groundwater relative to the stability fields of minerals and

aqueous species containing: d) arsenic.
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Figure 8-5e. Eh-pH diagrams showing predicted groundwater relative to the stability fields of minerals and

aqueous species containing: e) boron.
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Figure 8-5f. Eh-pH diagrams showing predicted groundwater relative to the stability fields of minerals and

aqueous species containing: f) cadmium.
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Figure 8-5g. Eh-pH diagrams showing predicted groundwater relative to the stability fields of minerals and

aqueous species containing: g) chromium.
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Figure 8-5h. Eh-pH diagrams showing predicted groundwater relative to the stability fields of minerals and

aqueous species containing: h) fluoride.
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Figure 8-5i. Eh-pH diagrams showing predicted groundwater relative to the stability fields of minerals and
aqueous species containing: i) molybdenum.
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Figure 8-5j. Eh-pH diagrams showing predicted groundwater relative to the stability fields of minerals and
aqueous species containing: j) phosphorus.
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Figure 8-5j (cont’d). Eh-pH diagrams showing predicted groundwater relative to the stability fields of
minerals and aqueous species containing: j) phosphorus.
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Figure 8-5k. Eh-pH diagrams showing predicted groundwater relative to the stability fields of minerals and

aqueous species containing: k) selenium.
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Figure 8-51. Eh-pH diagrams showing predicted groundwater relative to the stability fields of minerals and

aqueous species containing: I) thallium.
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Figure 8-6. Model sensitivity results (Scenario HF-2 — Low iron oxyhydroxide concentrations; Scenario HF-3 — High organic carbon degradation

rate; Scenario HF-4 — No organic carbon degradation).
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Figure 8-6 (cont’d).

degradation rate; Scenario HF-4 — No organic carbon degradation).

Model sensitivity results (Scenario HF-2 — Low iron oxyhydroxide concentrations; Scenario HF-3 — High organic carbon
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Figure 8-6 (cont’d).

Model sensitivity results (Scenario HF-2 — Low iron oxyhydroxide concentrations; Scenario HF-3 — High organic carbon
degradation rate; Scenario HF-4 — No organic carbon degradation).
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Figure 8-6 (cont’d). Model sensitivity results (Scenario HF-2 — Low iron oxyhydroxide concentrations; Scenario HF-3 — High organic carbon
degradation rate; Scenario HF-4 — No organic carbon degradation).
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Figure 8-7. Sensitivity model results comparing effects of calibrated (HF-1) and low (HF-4) rates of organic
carbon degradation on dissolved molybdenum concentrations at monitoring wells P-4 and P-7.
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Figure 9-1. Box-and whisker plots comparing historical groundwater concentrations to 2014 Q3 field and
laboratory concentrations: a) dissolved iron; and b) dissolved manganese.
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Figure 9-3. Eh-pH diagrams for 2014 Q3/Q4 data showing predicted groundwater relative to the stability
fields of minerals and aqueous species containing: a) nitrate; b) manganese.




1.0

-1.0

1.0

-1.0

c) Iron (HFO)

atm
| K-Jarosite

Upper and lower lines represent the stability field of water

Upper and lower lines represent the stability field of water
] | ] | ) | ] ] ] 1

1 1 1 1 1 ] i | 1 1 1
4 9 6 7 8 9 10
pH
d) Iron (Goethite)
T | T
—
nasiofgrrite

S 6 7

pH

8 9

10

Predominant
Species*

Aqueous Species

Oxidized Mineral

Reduced Mineral

Reported Eh-pH

Conditions
® Pond4A Wells
® Unit4 Wells
@® Units 1-3 Wells
BG-1S

*Phase boundaries
based on BG-1S

Figure 9-3 (cont’d). Eh-pH diagrams for 2014 Q3/Q4 data showing predicted groundwater relative to the
stability fields of minerals and aqueous species containing: c) iron (with HFO); d) iron (with goethite).
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Figure 9-3 (cont’d). Eh-pH diagrams for 2014 Q3/Q4 data showing predicted groundwater relative to the
stability fields of minerals and aqueous species containing: e) iron (with magnetite); f) sulfur.
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Figure 9-4. Estimated bacterial populations based on BART results.
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Figure 9-4 (cont’d). Estimated bacterial populations based on BART results.




e) 2014 4th Quarter Results
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Figure 9-4 (cont’d). Estimated bacterial populations based on BART results.
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Figure 9-5. Eh/pH diagram showing iso-activity lines for redox-sensitive species (As, Cr, and Se) and field
Eh-pH measurements from the 2014 Q3/Q4 monitoring events.
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Figure 9-11. Eh-pH diagrams for 2014 Q3/Q4 data showing predicted groundwater relative to the stability
fields of minerals and aqueous species containing: a) arsenic; b) molybdenum.
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Figure 10-1. Preliminary geochemical conceptual site model (CSM).
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Table ES-1. Summary of Findings of the Preliminary Geochemical Conceptual Site Model (CSM)

CSM Component

Report Section

Major Findings

Site Geochemistry

4 - Muddy River
and Native
Groundwater

1. TDS concentrations in the Muddy River are unchanged between monitoring stations MR-UP and MR-3, but
increase at MR-4; there is an overall decreasing trend with time.

2. COC concentrations are generally below applicable surface water quality standards in the Muddy River.

3. Native groundwater generally has higher COC concentrations than the Muddy River.

4. Some Mn-reducing conditions occur in deeper groundwater.

5. Water redox is generally poised within the stability field of goethite.

5 - Pond Water

6. TDS concentrations in the ponds are typically greater than 100,000 mg/L due to pond water evaporation.
7. Mirabilite (Na,S0,4:10H,0) is the primary mineral precipitated in the ponds, but borates, fluorite, and

phosphates may also be present at much lower concentrations.
8. Pond porewaters have historically been highly-reducing (characterized by negative Eh, high levels of
dissolved organic carbon, and presence of reduced sulfur species such as sulfite (503'2), thiosulfate (S, 0 5 2

and sulfide (S'Z).

6 - Impacted
Groundwater

9. Several site COCs (Sb, Cd, Cr, and TI) occur at non-detect levels; others are elevated in relatively few
groundwater samples (F, Mo, and Se).
10. There is a correlation between proximity to ponds and Mn-reducing conditions in the alluvial aquifer.

11. The geochemical signature of pond water is evident in groundwater samples, consistent with ponds being
the source of water quality and redox changes; significant dilution is inferred.

12. The extent of TDS plume (a surrogate for pond water infiltration) has not changed significantly over the
past twenty years.

13. TDS is increasing in certain areas of the site, but decreasing in others.

Fate & Transport
of COCs

7 - Attenuation

14. Evaporation-driven mineral precipitation results in the attenuation of sulfate and boron, but dissolved

Processes concentrations remain relatively high.
15. Several other minerals are also predicted to be supersaturated in pond water, potentially leading to the
sequestration of Cd, F, Mo, P, and Tl.
16. Redox-driven mineral precipitation results in the precipitation of chromite (Cr), elemental selenium (Se),
selenides (Sb, Tl, Cd, Se), and sulfides (As, Cd, Mo, Tl, S).
17. Adsorption to iron oxyhydroxides leads to the attenuation of As, Cd, Cr, Mo, P, and Se.

8 - Reactive 18. The model predicts redox buffering by iron and manganese oxides and oxyhydroxides.

Transport Model

19. Although the dissolution of HFO and manganese oxyhydroxides is extensive in the alluvial aquifer directly
underlying the ponds, goethite and/or magnetite remain stable (implying long-term buffering and aquifer
adsorption capacity).

20. The model confirms the importance of COC attenuation; COC attenuation includes the following:

- No attenuation for antimony (Sb concentrations are low);

- Low (<10%) attenuation for TDS and sulfate;

- Intermediate (10-20%) attenuation for arsenic and boron; and,

- High (>80%) attenuation for cadmium, chromium, fluoride, molybdenum, phosphorus, selenium, and

thallium.

21. Both the adsorption and desorption of arsenic and phosphorus occur in the alluvial aquifer (desorption is
due to the reductive dissolution of HFO underlying the ponds).
22. Model predictions are sensitive to bacterial fermentation rates and iron oxyhydroxide concentrations.

9 - Supporting
Evidence

23. There are several TEAP processes occurring across the site, and even within, individual wells.

24. The most predominant TEAPs are manganese and iron reduction, which are enhanced in the vicinity of the
ponds.

25. Groundwater is poised in the stability fields of goethite and/or magnetite, indicating redox buffering and
COC adsorption is occurring.

26. Dilution of pond water by groundwater explains the majority of the change in COC concentrations within
the monitoring well network.

27. Attenuation is predicted to occur for every COC; the greatest frequency of attenuation is for boron,
cadmium, chromium, selenium, and phosphorus.




Table ES-2. Relative Importance of Attenuation Processes for COCs

Evaporation-

Redox-Driven

Driven Mineral Mineral
coc Precipitation Precipitation Adsorption Comments
TDS S S Largely consists of sodium and sulfate
Sulfate S Some sulfate precipitation occurs, but minerals are highly soluble in water
Antimony Concentrations are low and Sb does not effectively compete for adsorption
sites (but some adsorption is possible)
Arsenic S P Arsenic will be sequestered by Fe- and Mn-oxyhydroxides; stability of these
phases depends on redox; As forms stable sulfides
Boron S S S Some boron precipitation occurs, but minerals are highly soluble in water;
some adsorption may occur
Cadmium S P P Cd sequestered in sulfides and selenides in sediments (and stability depends
on redox); groundwater concentrations are low
Chromium P P Chromium is likely sequestered as chromite minerals that are typically stable
in groundwater; some chromate adsorption under oxidizing conditions
Fluoride P S Fluorite, sellaite, and fluorapatite are possible mineral phases that are
relatively insoluble
Molybdenum S P S Mo sequestered in sulfides in sediments (and stability depends on redox)
Phosphorus P S P Fate and transport of P is uncertain because only total P has been measured;
potentially at low concentrations as apatite
Selenium P S Selenium could occur as Se(0) or selenide in pond solids and sediments; some
adsorption of selenite and selenate may occur
Thallium P S Thallium predicted to precipitate as TI203 in pond water, but this mineral is

not predicted in PHAST (Section 8); Sulfides and selenides are possible

Footnotes: 1) Open rectangles indicates the process is not predicted by PHREEQC to occur for Pond E-1 surface water
2) Shading with "S" indicates secondary attenuation process (with <50% reduction in COC concentration)
3) Shading with bold "P" indicates primary attenuation process (with >50% reduction in COC concentration)




Table 1-1. Components of the Preliminary Geochemical Conceptual Site Model (CSM)

CSM Component

Subcomponent

Method of Analysis

Site Geochemistry
(Sections 4-6)

COC Concentrations

Evaluated chemical concentrations in site waters using summary tables, box-and-whisker
plots, and GIS maps.

COC Trends

Determined trends in TDS concentrations using robust linear regression and Sen’s trend
test.

Geochemical Signatures

Identified different water types and mixing of water types using Piper diagrams and
chloride ratios.

Groundwater Redox

Inferred redox conditions using concentrations of redox-sensitive elements in box-and-
whisker plots and Eh-pH diagrams.

Tabulated reported redox conditions in pond solids from previous studies.

Mineralogy

Used the geochemical model PHREEQC to calculate saturation indices to identify solubility-
controlling minerals.

Constructed Eh-pH diagrams to identify stable minerals in groundwater.

Used the geochemical model PHREEQC to simulate mineral precipitation in ponds due to
evaporation; compared predicted mineral compositions to reported pond solids.

Fate & Transport
of COCs
(Sections 7-9)

Attenuation Mechanisms

Used PHREEQC to predict changes in COC concentrations due to evaporation-driven
mineral precipitation, redox-driven mineral precipitation, and adsorption.

Fate and Transport Evaluation

Used a 2-D reactive transport model (PHAST) to investigate the combined effects of
chemical and physical attenuation processes on the fate and transport of COCs.

Model Verification

Collected additional redox data (field parameters, COC speciation, and BART Tests) to
verify redox conditions of model.

Performed dilution calculations using chloride concentrations to determine the
contribution of dilution to observed concentrations.

Performed attenuation calculations using estimated dilution values and COC
concentrations to verify that attenuation is occurring.




Table 3-1. Description of Data Used to Develop the Preliminary Geochemical CSM

Location Description Sample ID Location Description Sample ID
BG-Wells Alluvial Aquifer BG-1S Unit 4 Ponds Ponds POND 4C-3
BG-Wells Muddy Creek F. BG-1D Unit 4 Ponds Ponds POND B-1
BG-Wells Muddy Creek F. BG-1M Unit 4 Ponds Ponds POND B-2
BG-Wells Muddy Creek F. BG-2D Unit 4 Ponds Ponds POND B-3
BG-Wells Muddy Creek F. BG-2M Unit 4 Ponds Ponds POND C-1
BG-Wells Muddy Creek F. BG-2S Unit 4 Ponds Ponds POND C-2
BG-Wells Muddy Creek F. BG-3D Unit 4 Ponds Interstitial Water Pond B-1 Leachate
BG-Wells Muddy Creek F. BG-3M Unit 4 Ponds Interstitial Water Pond B-2 Leachate
BG-Wells Muddy Creek F. BG-3S Unit 4 Ponds Interstitial Water Pond B-3 Leachate
BG-Wells Muddy Creek F. BG-4D Unit 4 Ponds Interstitial Water Pond C-1 Leachate
BG-Wells Muddy Creek F. BG-4M Unit 4 Ponds Interstitial Water Pond C-2 Leachate
BG-Wells Muddy Creek F. BG-4S Unit 4 Ponds GW-Shallow CMW-1S
BG-Wells Muddy Creek F. BG-6D Unit 4 Ponds GW-Shallow CMW-2S
BG-Wells Muddy Creek F. BG-6M Unit 4 Ponds GW-Shallow CMW-3S
BG-Wells Muddy Creek F. BG-6S Unit 4 Ponds GW-Shallow CMW-4S
Units 1-3 Ponds Ponds POND D Unit 4 Ponds GW-Shallow CMW-5S
Units 1-3 Ponds Ponds POND E-1 Unit 4 Ponds GW-Shallow CMW-6S
Units 1-3 Ponds Ponds POND E-2 Unit 4 Ponds GW-Shallow CMW-7S
Units 1-3 Ponds Ponds POND F Unit 4 Ponds GW-Shallow KMW-10
Units 1-3 Ponds Ponds POND G Unit 4 Ponds GW-Shallow KMW-14
Units 1-3 Ponds Interstitial Water Pond E-1 Leachate Unit 4 Ponds GW-Shallow KMW-15
Units 1-3 Ponds Interstitial Water Pond E-2 Leachate Unit 4 Ponds GW-Shallow KMW-2S
Units 1-3 Ponds Interstitial Water Pond F Leachate Unit 4 Ponds GW-Shallow MW-1
Units 1-3 Ponds Inflow to Pond F Pond F Effluent Unit 4 Ponds GW-Shallow MW-10
Units 1-3 Ponds GW-Shallow P-1 Unit 4 Ponds GW-Shallow MW-10R
Units 1-3 Ponds GW-Shallow P-10 Unit 4 Ponds GW-Shallow MW-10RR
Units 1-3 Ponds GW-Shallow P-11 Unit 4 Ponds GW-Shallow MW-11S
Units 1-3 Ponds GW-Shallow P-13 Unit 4 Ponds GW-Shallow MW-12S
Units 1-3 Ponds GW-Shallow P-13R Unit 4 Ponds GW-Shallow MW-13
Units 1-3 Ponds GW-Shallow P-14 Unit 4 Ponds GW-Shallow MW-14S
Units 1-3 Ponds GW-Shallow P-14R Unit 4 Ponds GW-Shallow MW-15
Units 1-3 Ponds GW-Shallow P-15 Unit 4 Ponds GW-Shallow MW-16S
Units 1-3 Ponds GW-Shallow P-15A Unit 4 Ponds GW-Shallow MW-1R
Units 1-3 Ponds GW-Shallow P-15AR Unit 4 Ponds GW-Shallow MW-2
Units 1-3 Ponds GW-Shallow P-17A Unit 4 Ponds GW-Shallow MW-2R
Units 1-3 Ponds GW-Shallow P-17B Unit 4 Ponds GW-Shallow MW-3
Units 1-3 Ponds GW-Shallow P-18A Unit 4 Ponds GW-Shallow MW-3R
Units 1-3 Ponds GW-Shallow P-188 Unit 4 Ponds GW-Shallow MW-3RR
Units 1-3 Ponds GW-Shallow P-19A Unit 4 Ponds GW-Shallow MW-4
Units 1-3 Ponds GW-Shallow P-19AR Unit 4 Ponds GW-Shallow MW-5
Units 1-3 Ponds GW-Shallow P-1R Unit 4 Ponds GW-Shallow MW-6
Units 1-3 Ponds GW-Shallow P-2 Unit 4 Ponds GW-Shallow MW-7
Units 1-3 Ponds GW-Shallow P-20A Unit 4 Ponds GW-Shallow MW-8
Units 1-3 Ponds GW-Shallow P-20B Unit 4 Ponds GW-Shallow MW-9
Units 1-3 Ponds GW-Shallow P-22 Unit 4 Ponds GW-Intermediate CMW-1D
Units 1-3 Ponds GW-Shallow P-3 Unit 4 Ponds GW-Intermediate CMW-2D
Units 1-3 Ponds GW-Shallow P-4 Unit 4 Ponds GW-Intermediate CMW-3D
Units 1-3 Ponds GW-Shallow P-5 Unit 4 Ponds GW-Intermediate CMW-4D
Units 1-3 Ponds GW-Shallow P-5R Unit 4 Ponds GW-Intermediate CMW-5D
Units 1-3 Ponds GW-Shallow P-6 Unit 4 Ponds GW-Intermediate CMW-6D
Units 1-3 Ponds GW-Shallow P-6R Unit 4 Ponds GW-Intermediate CMW-7D
Units 1-3 Ponds GW-Shallow P-7R Unit 4 Ponds GW-Intermediate KMW-11
Units 1-3 Ponds GW-Shallow P-8 Unit 4 Ponds GW-Intermediate KMW-2M
Units 1-3 Ponds GW-Shallow P-8R Unit 4 Ponds GW-Intermediate MW-11M
Units 1-3 Ponds GW-Shallow P-9 Unit 4 Ponds GW-Intermediate MW-12M
Units 1-3 Ponds GW-Shallow P-9R Unit 4 Ponds GW-Intermediate MW-14M
Units 1-3 Ponds GW-Intermediate KMW-9 Unit 4 Ponds GW-Intermediate MW-16M
Units 1-3 Ponds GW-Intermediate P-12 Unit 4 Ponds GW-Deep KMW-2D
Units 1-3 Ponds GW-Intermediate P-21 Muddy River MR-UP MR-UP
Units 1-3 Ponds GW-Deep KMW-7 Muddy River MR-1-3 MR-1
Units 1-3 Ponds GW-Deep KMW-8 Muddy River MR-1-3 MR-2
Units 1-3 Ponds GW-Deep KMW-8R Muddy River MR-1-3 MR-3
Unit 4 Ponds Ponds POND 4A Muddy River MR-4 MR-4




Table 3-2. Description of Initial Chemical Compositions of Pond Waters Used in the PHREEQC Model Simulations®

Pond Name
Parameter Units 4A 4B-1 4B-2 483 | 4ac1 | ac2 | D E-1 E-2 F G Comments
Temp deg. C 25 25 25 25 25 25 25 25 25 25 25
pH S.u. 9.4 8.8 8.7 8.6 8.9 8.8 8.7 9.0 9.0 7.5 7.6
Eh \Y, -0.25 -0.25 -0.25 -0.25 -0.25 -0.25 -0.25 -0.25 -0.25 0.30 0.00 2
TDS mg/L 21932 143850 122320 124420 178220 195530 178870 184540 180440 93723 78962 3
density kg/L 1.03 1.15 1.13 1.13 1.19 1.21 1.19 1.19 1.19 1.10 1.08 3
Al mg/L 126 33 26 21 41 32 26 51 51 26 23 3,4
As mg/L 0.60 0.60 0.39 0.35 1.18 1.43 0.99 0.99 1.06 0.40 0.31 5
B mg/L 280 280 195 304 815 915 740 740 824 124 128 5
C(4) mg/L 40 2372 2372 254 1491 1335 547 2283 1306 732 268 6
Ca mg/L 153 149 227 175 150 116 898 125 124 255 344
Ccd mg/L 0.06 0.06 0.10 0.06 0.21 0.15 0.16 0.16 0.15 0.06 0.05 7
Cl mg/L 1639 12188 3964 8069 18913 22738 24300 16750 14871 2402 2231
Cr mg/L 0.14 0.14 0.10 0.06 0.24 0.13 0.19 0.19 0.18 0.08 0.05 8
F mg/L 146 146 140 146 146 146 114 114 104 114 114 9
Fe mg/L 3.8 3.8 3.8 3.8 4.3 3.8 4.6 4.6 3.4 3.4 4.1 10
K mg/L 221 1431 779 1042 2127 2994 2571 2152 2216 390 256
Mg mg/L 180 333 396 528 566 499 2224 760 762 267 292
Mn mg/L 2.2 2.2 3.6 3.1 5.1 4.8 5.4 5.4 5.2 1.7 1.5 5,11
Mo mg/L 1.1 1.1 0.8 13 2.4 3.1 2.7 2.7 2.4 0.7 0.8 5
N mg/L 1.1 1.1 1.1 5.3 3.9 3.5 1.2 1.2 1.5 4.1 4.5 5
Na mg/L 7119 46867 37256 39063 59452 65150 54286 60825 55800 29511 24549
P mg/L 3.0 3.0 0.6 0.1 4.0 4.1 2.3 2.3 2.9 3.4 10.7 5
S mg/L (as SO4) 12273 68612 62864 71332 87223 94294 86327 89422 95393 58715 48686 3,12
Sb mg/L 0.024 0.024 0.024 0.024 0.024 0.024 0.024 0.024 0.024 0.024 0.024 13
Se mg/L 1.2 1.2 0.5 0.8 4.1 3.3 2.0 2.0 1.9 2.0 1.6 5
Si mg/L 73 38 39 38 36 33 33 38 38 37 39 3,14
Tl mg/L 0.068 0.068 0.068 0.068 0.068 0.068 0.068 0.068 0.068 0.068 0.068 15
\' mg/L 0.6 0.6 0.9 13 3.6 4.4 2.4 2.4 2.5 1.1 1.3 5
Footnotes: 1) Reported values are average concentrations of pond water from the Access® database unless otherwise indicated

2) Based on Ainsworth et al. (1995); For Ponds F and G, reported values required to maintain pH during initial equilibration

3) Reported value is model output following initial equilibration
4) Assumed to be in equilibrium with Al(OH)3(am); reported value is model output
5) For Pond 4A, assumed equal to Pond 4B-1 (which is a simplification because 4A also included as settling); For Pond D, assumed equal to Pond E-1
6) Approximately equivalent to a partial pressure of CO,(g) of 10, which is 10x atmospheric CO,(g)

7) All values non-detect; Used average value assuming concentrations equal to detection limit

8) All but one value non-detect; Used average value assuming concentrations equal to detection limit
9) If not reported then assumed equal to either Pond 4B-1 or E-1 interstitial Water
10) All but one value non-detect; Used average value assuming concentrations equal to detection limit

11
12

14) Assumed in equilibrium with SiO2(am); reported value is model output

) Approximately half of samples are non-detect at a detection limit greater than 1 mg/L

) Used for charge balance (the charge balance without this constraint is less than 5%)

13) Not reported in ponds or interstitial water; Value based on maximum groundwater concentrations at KMW-2S
)
)

15) Not reported in ponds or interstitial water; Value based on maximum groundwater concentrations at KMW-2D (which is higher than KMW-2S)




Table 3-3. Description of Initial Chemical Concentrations Used in PHAST Model Scenarios™?

Pond Initial Aquifer Adsorption Reaction
Parameter . . 1 2 . . Comments
Units Infiltration Groundwater Minerals Sites Rates
Temp deg. C 25 25
pH s.u. 8.5 6.8
Eh Vv 0.4 0.6 3
TDS mg/L 198420 3893
density kg/L 1.21 1.00
Al mg/L 19 1
As mg/L 1.22 0.02
B mg/L 880 1
c(4) mg/L 7454 280
Ca mg/L 4 622
Cd mg/L 0.194 0.004
cl mg/L 20597 285
Cr mg/L 0.23 0.01
F mg/L 96 3 4
Fe mg/L 0.0 0.0
K mg/L 2647 22
Mg mg/L 21 115
Mn mg/L 0.2 0.1
Mo mg/L 34 0.0
N mg/L 1.5 0.5
Na mg/L 65154 360
P mg/L 2.9 0.1 4
S mg/L (as SO4) 101520 2153
Sb mg/L 0.030 0.028
Se mg/L 2.4 0.1
Si mg/L 10 50
Tl mg/L 0.084 0.06
v mg/L 7.6 0.0
Calcite mol/L 26 5
Goethite mol/L 0.25 6
Gypsum mol/L 0.07 7
HFO mol/L 0.03 8
Pyrolusite mol/L 0.035 8
Hfo_w mol/L 6.00E-03 9
Hfo_s mol/L 1.50E-04 9
Goe_w mol/L 5.00E-03 9
Goe_s mol/L 1.25E-04 9
Carbon
Degradation mol/yr/molgc 0.06 10

Footnotes: 1) Pond E-1 water after initial equilibration (and precipitation of supersaturated pond solids)
2) Based on average concentration in BG-1S after equilibration with assumed reactive aquifer minerals
3) Eh was controlled by organic carbon degradation in grid cells underlying the pond
4) Data not available (pond water total concentration used for P; interstitial total water concentration used for F)
5) Based on saturation of calcite in BG-1S
6) Concentration is equivalent to 1320 mg/kg (approximately 10% of total iron)
7) Based on near-saturation of gypsum in BG-1S and reported occurrence in pond soils (Ainsworth et al. 1995)
8) Model calibration parameter
9) Based on surface site densities reported in Dixit et al. (2003)

10) Simulated by adding CH20 using rates from Canavan et al. (2006) and DOC concentrations reported in Ainsworth et al. (1995)




Table 3-4. Reactive Transport Model Input Parameters Varied in PHAST Model Scenarios

High Flow Scenarios

Low Flow Scenarios

Parameter HF-1 HF-2 HF-3 HF-4 HF-5 LF-1 LF-2 LF-3 LF-4 LF-5
Units Base Case Low Fe | HighCH,0 | No CH20 | No Atten.' | Base Case Low Fe | High CH,0 | No CH20 | No Atten."
Hydraulic Conductivity m/d 0.16 0.16 0.16 0.16 0.16 0.016 0.016 0.016 0.016 0.016
Hydraulic Gradient - 0.013 0.013 0.013 0.013 0.013 0.013 0.013 0.013 0.013 0.013
Infiltration Rate in/yr 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
HFO mol/L 0.03 0 0.03 0.03 0 0.03 0 0.03 0.03 0
Goethite mol/L 0.25 0.0025 0.25 0.25 0 0.25 0.0025 0.25 0.25 0
Pyrolusite mol/L 0.035 0.0004 0.035 0.035 0 0.035 0.0004 0.035 0.035 0
Carbon
mol/yr/molg¢ 0.06 0.06 0.1 0 0 0.06 0.06 0.1 0 0

Degradation

Footnote: 1) The no attenuation scenarios (HF-5 and LF-5) included no TEAPs and no minerals within the alluvial aquifer (therefore no precipitation or adsorption)




Table 4-1. Median Dissolved Constituent Concentrations in the Muddy River

Surface Water Quality Criteria
MR-UP MR-1 MR-2 MR-3 SGSPR MR-4
Colorado Muddy  Municipal or Aquatic Life ~ Aquatic Life
1999-2014 1996-2014 1996-2014 1996-2014  2006-2014 1996-2014 Chronic River System River Domestic 1-Hour 96-Hour Watering of
Analyte N =58 N =69 N = 69 N = 69 N =35 N=69 | Aquaticlife’  Salinity’ Criteria’ Supply®  Average®™®  Average™’ Irrigation®  Livestock”

pH (su) 8.16 8.38 8.505 8.44 7.625 8.505 6.5-9.0
Specific Cond. (umhos_cm) 1000 1000 1000 1000 4900 1060
Suspended Solids (mgL)
Temperature (deg_C) 19.0 20.5 21.0 20.5 19.5 20.5 15-30
Total Dissolved Solids (mglL) 608.5 611 617 620 3700 643 723
Total Kjeldahl Nitrogen (mglL) 0.25 0.31 0.285 0.28 0.62 0.275
Total Organic Carbon (mgL)
Turbidity (NTU)®
Calcium (mglL) 62.5 65 62.5 64 210 65
Magnesium (mgL) 29 29 29 31 150 31.5
Potassium (mgL) 12 12 13 13 50 13
Sodium (mgL) 110 110 110 110 770 120
Alkalinity, Bicarbonate (mgL)” 210 220 220 210 220
Alkalinity, Carbonate (mglL) <5 <5 6.2 5.5 5
Boron (mglL) 0.389 0.365 0.37 0.355 3.00 0.4065 0.75 5
Chloride (mglL) 68 68.5 69 69 410 72
Fluoride (mgL) 2.2 2.3 2.3 2.2 53 2.2 2.6 1 2
Silica (mgL) 17 16 16 16
Sulfate (mglL) 190 190 190 190 1900 210
Iron (mglL) <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 1 5
Manganese <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 0.2
Nitrogen, Ammonia (as N) (mglL) <0.1 <0.1 <0.1 <0.1 0.16 <0.1 0.232-5.91
Nitrogen, Nitrate (as N) (mgL) 0.31 0.32 0.33 0.31 0.76 0.32 10
Sulfide (mglL) <0.05 <0.05 <0.05 <0.05 <0.05 0.002
Sulfite (mglL)
Aluminum (mgL) <0.25 <0.25 <0.25 <0.25 <0.25 <0.25
Antimony (mgl) <0.015 0.146
Arsenic (mgL)® 0.018 0.018 0.017 0.018 0.12 0.019 0.05° 0.34 0.15 0.1 0.2
Barium (mglL) 0.041 0.04 0.041 0.042 0.024 0.041 2
Beryllium (mgL) <0.003 0.1
Cadmium (mglL)® <0.003 <0.003 0.005 0.006 0.0005 0.01 0.05
Chromium (mgL) <0.003 0.0036 0.0038 0.0036 <0.003 0.0034 0.1 0.1 1
Chromium, hexavalent (mgL)® 0.016 0.011
Cobalt (mglL)
Copper (mgt)* 0.038 0.023 0.2 0.5
Lead (mgL)® <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.05 0.209 0.008 5 0.1
Mercury (mgL)* <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 0.002 0.0014 0.00077 0.01
Molybdenum (mgL) 0.0094 0.009 0.00985 0.01 0.062 0.01 6.16 1.65
Nickel (mgL)EI <0.005 0.0134 1.2 0.132 0.2
Phosphorus, Total (As P) (mgL) 0.051 0.071 0.0595 0.054 0.11 0.071 0.1
Selenium (mglL) <0.005 <0.005 <0.005 <0.005 <0.01 <0.01 0.05 0.02 0.005 0.02 0.05
Silver (mgL)® 0.021
Strontium (mgl)
Thallium (mgL) <0.03 0.013
Vanadium (mglL) 0.0035 0.0033 0.004 0.0043 0.015 0.0055
Zinc (mglL) 0.3 0.3 2 25

Footnotes: 1) Range of values from NAC445A.118 Table 2 (Chronic Water Quality Criteria for Total Ammonia for Waters Where Freshwater Fish in Early Life Stages May be Present) based on pH = 7-9 and temperature=14-26 degrees C; 30-day average standard.

2) From NAC445A.1233 "Below Hoover Dam"; flow-weighted annual average standard.

3) From NAC 445A.2168 (Muddy River at the Glendale Bridge)TN and TP annual average standards.
4) From NAC445A.1236 (Standards for toxic materials applicable to designated waters); hardness = 300 mg/L in formulas.

5) Aquatic life criteria can be exceeded once every three years

6) Criterion of less than or equal to 10 NTU above natural conditions

7) Muddy River criterion is no change in alkalinity from natural conditions by more than 25%
8) Aquatic life criteria for these constituents is based on dissolved concentrations

Note: N = maximum number of samples collected; does not apply to all constituents in table




Table 4-2. Non-Parametric Statistical Comparison of TDS in the Muddy River

Locationl Location2 Compare Date p-value Interpretation
MR-1 MR-UP 1999-present 0.45
2003-present 0.40
2009-present 0.40
MR-2 MR-UP 1999-present 0.64
2003-present 0.37
2009-present 0.37
MR-2 MR-1 1996-present 0.96
2003-present 0.97
2009-present 0.97
MR-3 MR-UP 1999-present 0.43
2003-present 0.55
2009-present 0.55
MR-3 MR-2 1996-present 0.51
2003-present 0.79
2009-present 0.68
MR-4 MR-UP 1999-present 0.00 MR-4 # MR-UP
2003-present 0.02
2009-present 0.02
MR-4 MR-3 1996-present 0.00 MR-4 # MR-3
2003-present 0.06
2009-present 0.01

*Shading indicates that concentrations are not the same between locations at a 95% confidence level.




Table 4-3. COC Concentrations in Pond Water, Groundwater, and the Muddy River

BG Wells Units 1-3 Ponds Unit 4 Ponds Muddy River
S 9] e ]
5 u £ = £ = .
£ 3 E 3 g E E g g2
g 5 z 2 5 5 z 2 g 5 =5 _
coc Description* 2 2 g £ : : : g £ : : : g g g 35¢e
TDS (mg/L) median 2000 1700 90100 110700 28100 6504 11900 118500 93200 6700 2904 2600 608.5 616 643 723
range 1500-2100 1000-4500 17000-380000 29220-195000  810-174000 2300-69800 3310-29460 3700-620000 64200-140400 1180-122600 1454-35800 2400-2900 450-990 298-4600 510-1400
Sulfate (mg/L) median 865 805 45000 39500 16000 3900 7500 50500 57000 3400 1500 1100 190 190 210 NA
range 790-950 390-2900 473-250000  18000-130000  290-130000 469-43000 1400-110000 402-290000 4420-140000 110-140000 670-27000 770-1300 130-450 24-2200 110-490
Antimony (mg/L) median 0.024 <0.02 NA <0.075 NA NA NA NA <0.075 <0.02 <0.02 <0.02 <0.015 <0.015 <0.015 0.146
range <0.02-0.028 <0.02-0.061 NA <0.015-0.685 NA NA NA NA <0.015-0.215 <0.02-0.024 <0.02-0.022 <0.02-0.022 <0.01-<0.015 <0.01-<0.015 <0.01-<0.015
Arsenic (mg/L) median 0.025 <0.02 0.475 1.3 0.16 0.042 0.042 0.5 0.5 0.16 0.06855 0.098 0.018 0.018 0.019 0.05 -
range <0.02-0.033 <0.02-0.22 <0.005-7.4 <0.5-3.9 <0.0038-5.2 <0.0038-0.28 <0.005-0.17 <0.005-6.2 <0.02-1.2 <0.01-8.4 <0.01-0.54 0.067-0.16 <0.01-0.066 0.0014-0.065 <0.01-0.17 0.34
Boron (mg/L) median 0.95 0.72 270 829.5 59.1 6.8 25 3225 360 3.12 2 1.3 0.389 0.36 0.4065 0.75-5
range 0.89-1.1 0.4-1.8 0.32-2100 52-3030 <0.05-1000 1.12-220 2.4-71 0.96-3500 133-920 <0.05-280 0.78-18 0.97-2 <0.5-1.9 0.28-2.4 <0.05-1.9
Cadmium (mg/L) median <0.005 <0.005 <0.075 <0.015 <0.015 <0.009 <0.006 <0.0825 <0.015 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 0.0005 -
range <0.005-0.0022 | <0.005-0.0031 | <0.003-0.36 <0.003-<0.25 <0.003-0.0045 <0.003-<0.06  <0.003-<0.025 | <0.003-0.74 <0.003-<0.05 <0.0025-0.0025 <0.0025-0.002 <0.0025-0.0015 | <0.003-<0.005 <0.003-<0.005 <0.003-<0.005 0.05
Chromium (mg/L) median <0.01 <0.01 <0.006 <0.025 <0.25 <0.015 <0.01 <0.12 <0.025 <0.005 <0.005 <0.005 <0.003 0.0036 0.0034 01-1
range <0.01-<0.01 <0.01-<0.01 <0.00068-0.15  <0.005-0.47  <0.00068-0.15 <0.00068-0.045 <0.003-0.0055 | <0.00068-0.69  <0.005-<0.2 <0.00068-0.11  <0.003-0.098  <0.003-0.0037 | <0.00068-<0.03 <0.00068-0.00596 <0.00068-0.0034
Fluoride (mg/L) median 2.85 0.89 NA 195 2.2 2 NA NA 140 4.1 3.45 3.45 2.2 2.2 2.2 1-2.6
range 2.7-3.2 0.5-4.1 NA 150-240 <0.1-82 <0.1-12 NA NA 93-520 <0.2-26 3.3-3.6 3.3-3.6 1.8-3.4 1.7-3.3 1.9-3.5
Molybdenum (mg/L) median 0.026 0.016 1.3 0.155 0.56 0.19 0.19 1.35 0.91 0.0677 0.074 0.035 0.0094 0.01 0.01 1.65-
range 0.014-0.037 <0.005-0.41 <0.001-9.1 <0.025-2.49 <0.005-6.9 0.0218-0.8 0.074-0.83 <0.001-11 <0.005-2.2 <0.001-25 <0.05-0.9 <0.05-0.0536 | <0.001-0.028  <0.001-0.075  <0.001-0.015 6.16
Phosphorus (mg/L) median 0.0705 0.063 2.65 1.65 0.27 0.047 0.091 3.1 11 0.15 0.115 0.086 0.051 0.0485 0.071 0.1
range 0.052-0.092 <0.1-0.33 0.033-92 <0.1-15 <0.018-29 <0.02-0.58 0.02-0.7 0.07-12 <0.1-14.7 <0.02-19 <0.02-1.6 <0.02-0.31 <0.02-2.8 0.012-5.1 <0.02-3.3
Thallium (mg/L) median 0.035 <0.02 NA <0.15 NA NA NA NA <0.15 <0.02 <0.02 <0.02 <0.03 <0.03 <0.03 0.013
range <0.02-0.072 <0.02-0.084 NA <0.03-<1 NA NA NA NA <0.03-<0.8 <0.02-0.06 <0.02-0.063 <0.02-0.068 <0.02-<0.03 <0.02-<0.03 <0.02-<0.03
Selenium (mg/L) median <0.1 0.036 0.95 0.345 <0.04 0.039 0.018 1.6 0.2 0.018 0.02 0.00805 <0.005 <0.005 <0.01 0.005 -
range <0.1-0.18 <0.02-0.24 <0.0046-16 <0.75-2.3 <0.0005-3.5 <0.0046-0.36 <0.02-0.031 <0.0046-12 <0.075-0.88 <0.0025-0.98 <0.005-120 <0.005-0.19 <0.0005-11 <0.0005-11 <0.0005-12 0.05

*All medians were calculated by lining up all sample values, with non-detects being represented as the detection limit value, in ascending order. If the median value was a non-detect, then the "<" symbol was added to the detection limit for median representation in the table above

2l ranges were calculated by lining up all sample values from lowest non-detect (starting with lowest detection limit) up to highest detect. If a non-detect with a detection limit was higher than the highest detect value, the detect value would still be considered the max value in the range. Furthermore, non-detects were always treated as lower than the lowest detect value.

*Dissolved sample fraction used in all calculations

“Total sample fraction used (no dissolved sample fraction available), except for fluoride




Table 4-4. Median Dissolved Constituent Concentrations in Groundwater in BG-Wells

Shallow Shallow Shallow Shallow Shallow Medium Medium Medium Medium Medium Deep Deep Deep Deep Deep

BG-1S BG-2S BG-3S BG-4S BG-65 BG-1M BG-2M BG-3M BG-4M BG-6M BG-1D BG-2D BG-3D BG-4D BG-6D

Alluvial Alluv. & MC MC MC MC MC MC MC MC MC MC MC MC MC MC

2012-2014| 2012-2014 2012-2014 2012-2014 2012-2014 2012-2014 2012-2014 2012-2014 2012-2014 2012-2014 | 2012-2014 2012-2014 2012-2014 2012-2014 2012-2014
Analyte N=4 N=4 N=4 N=4 N=4 N=4 N=4 N=4 N=4 N=4 N=4 N=4 N=4 N=4 N=4

pH (su) 7.14 7.065 7.49 7.46 7.49 7.205 7.19 7.49 7.495 7.46 7.335 7.355 7.495 7.61 7.355
Specific Cond. (umhos/cm) 2925 4365 1770 2585 3370 2180 2310 1780 2450 2545 2042 1909 1675 2255 2585
Suspended Solids (mg/L)
Temperature (deg C)
Total Dissolved Solids (mg/L) 2000 4150 1200 1750 2450 1450 1900 1200 1700 1800 1400 1650 1100 1500 1850
Total Kjeldahl Nitrogen (mg/L)
Total Organic Carbon (mg/L)
Turbidity (NTU)
Calcium (mg/L) 145 420 110 165 190 120 200 75 150 180 125 205 69.5 130 137
Magnesium (mg/L) 110 275 58 98.5 97.5 75.5 120 33 91.5 110 79 110 33 81.5 79
Potassium (mg/L) 22 85 20.5 44.5 20 17 42 15.5 51.5 27 18 25.5 14.5 41.5 225
Sodium (mg/L) 350 400 190 225 435 245 165 220 195 195 215 100 200 190 165
Alkalinity, Bicarbonate (mg/L) 305 250 145 140 135 230 210 195 115 125 175 125 205 93 130
Alkalinity, Carbonate (mg/L) <20 <20 <20 <20 <20 <20 <20 <20 <20 <20 <20 <20 <20 <20 <20
Boron (mg/L) 0.95 1.70 0.64 0.69 0.85 0.595 0.895 0.815 0.74 0.57 0.495 0.835 0.745 0.765 0.57
Chloride (mg/L) 280 70 200 285 360 205 35.5 150 280 300 205 40.5 180 270 285
Fluoride (mg/L) 2.85 3.7 1.7 0.55 0.66 0.56 2.35 34 0.66 0.655 0.585 2.75 2.4 1 0.735
Silica (mg/L) 44.5 35.5 18 15.5 19 19 16.5 17.5 15 17 16.5 21 17 14 18
Sulfate (mg/L) 865 2600 515 845 1200 650 1100 510 810 815 665 1000 415 695 875
Iron (mg/L) <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Manganese (mg/L) <0.01 0.265 0.0525 0.01435 0.11 0.19 0.074 0.0235 0.023 0.061 0.0815 0.1035 0.101 0.0265 <0.01
Nitrogen, Ammonia (as N) (mg/L) <0.1 0.13 <0.1 <0.1 <0.1 <0.1 <0.1 0.0895 <0.1 0.097 <0.1 <0.1 <0.1 0.105 <0.1
Nitrogen, Nitrate (as N) (mg/L) 0.395 <0.1 <0.1 0.153 <0.1 <0.1 <0.1 <0.1 <0.1 0.1745 <0.1 <0.1 <0.1 <0.1 0.185
Sulfide (mg/L)
Sulfite (mg/L)
Aluminum (mg/L) <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Antimony (mg/L) <0.02 0.031 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 0.0185 <0.02 0.02 <0.02 <0.02 0.0205 0.021
Arsenic (mg/L) 0.025 0.024 0.036 <0.02 <0.02 0.0155 <0.02 0.037 <0.02 <0.02 <0.02 <0.02 0.133 <0.02 <0.02
Barium (mg/L) 0.0235 0.037 0.0385 0.0265 0.045 0.029 0.02 0.028 0.022 0.0275 0.0195 0.0145 0.046 0.019 0.0255
Beryllium (mg/L) <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
Cadmium (mg/L) <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005
Chromium (mg/L) <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Chromium, hexavalent (mg/L) <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Cobalt (mg/L) <0.01 <0.01 <0.01 <0.01 <0.01 0.00685 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Copper (mg/L) <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02
Lead (mg/L) <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 0.00405 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005
Mercury (mg/L) <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002
Molybdenum (mg/L) 0.026 0.38 0.0205 0.00475 0.017 0.0054 0.092 0.028 0.00595 0.01075 0.00675 0.24 0.0615 0.0082 0.00955
Nickel (mg/L) <0.02 <0.02 0.0076 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 0.0101 <0.02 <0.02
Phosphorus, Total (As P) (mg/L) 0.0705 0.096 0.12 0.0645 0.109 0.0495 0.048 0.0735 0.0405 0.043 <0.1 0.0455 0.1025 0.0395 <0.1
Selenium (mg/L) <0.1 0.115 <0.02 0.042 0.07 0.06 <0.1 <0.02 0.0275 0.07 <0.1 <0.1 <0.02 <0.02 0.03
Silver (mg/L) <0.01 <0.01 <0.01 0.00505 <0.01 0.00865 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Strontium (mg/L)
Thallium (mg/L) <0.02 0.043 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02
Vanadium (mg/L) 0.0067 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.00355 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Zinc (mg/L) <0.03 <0.03 0.0205 0.0215 0.0225 <0.03 0.0145 0.027 <0.03 0.024 0.0435 0.0225 <0.03 <0.03 0.023




Table 4-5. Maximum Mineral Saturation Indices (log Q/K) in Groundwater in BG-Wells

Shallow Shallow Shallow Shallow Shallow Medium Medium Medium Medium Medium Deep Deep Deep Deep Deep
BG-1S BG-2S BG-3S BG-45 BG-6S BG-1M BG-2M BG-3M BG-4M BG-6M BG-1D BG-2D BG-3D BG-4D BG-6D
Alluvial  Alluv. & MC MC MC MC MC MC MC MC MC MC MC MC MC MC
2012-2014 2012-2014 2012-2014 2012-2014 2012-2014 | 2012-2014 2012-2014  2012-2014 2012-2014 2012-2014 | 2012-2014  2012-2014 2012-2014 2012-2014  2012-2014

Formula Mineral N=4 N=4 N=4 N=4 N=4 N=4 N=4 N=4 N=4 N=4 N=4 N=4 N=4 N=4 N=4

CaCo03 Calcite 016 | o021 [ o015 | 017 [ o023 0.04 | 0.12 008 [ 012 [ o014 0.06 014 [ o011 [ o018 [ o011

FeCO3 Siderite -0.66

MgC03:5H20 Lansfordite

MnCO3 Rhodochrosite -0.87 -0.98 -0.64

Na2Ca(C03)2:2H20 Pirssonite

SrCO3 Strontianite

CaS04:2H20 Gypsum -0.68 -0.07 -0.90 -0.66 -0.53 -0.80 -0.45 -0.99 -0.69 -0.62 -0.76 -0.48 -0.79 -0.59

Fe808(0H)4.8(S04)1.6  Schwertmannite

K2MgCa2(SO4)4:2H20  Polyhalite

Na2Ca(S04)2 Glauberite

Na2S04 Thenardite

Na2504:10H20 Mirabilite

Na6C03(504)2 Burkeite

Nak3(S04)2 Aphthitalite

CaF2 Fluorite 0.51 -0.06 -0.97 -0.58 -0.53 -0.47 -0.89

KCl Sylvite

MgF2 Sellaite -0.74

NaCl Halite

Ca3(P04)2 Whitlockite -0.89 0.29

Ca5(0H)(PO4)3 Hydroxylapatite 0.11 1.60 2.45 0.89 -0.65 -0.30 0.21 0.36 -0.97 0.06 0.34 0.23

Ca5(P0O4)3F Fluorapatite [ 9:80 11.10 11.83 12.23 10.75 8.89 10.02 10.34 10.35 10.29 8.94 10.58 10.75 10.03 8.63

MnHPO4 MnHPO4 -0.81 0.69 0.95 -0.05 0.97 0.67 0.31 0.27 0.10 0.66 0.35 0.19 1.26 -0.06 0.32

Al(OH)3 AH3 0.85 0.44 0.82 0.71 0.93 0.81 0.31 0.50 0.76 0.60 0.30

Fe(OH)3 Fe(OH)3(am) 1.81 1.81 1.88 1.81 1.81 1.81 1.81 1.81 1.81 1.81 1.81 1.81 1.81 1.83 1.81

FeOOH Goethite 4.78 478 4.85 4.78 4.78 4.78 4.78 4.78 4.78 4.78 4.78 4.78 4.78 4.80 4.78

Mg(OH)2 Brucite

Mn203 Bixbyite [ 064 | o064 | o064 | o064 | o064 0.64 | 0.64 064 | o064 | o064 0.64 064 | o064 | 064 0.64

Mn304 Hausmannite

MnO(OH) Manganite 0.00 000 | 000 [ o000 | o000 000 [ 000 000 | o000 | o000 0.00 000 [ o000 ] o000 0.00

FeS2 Pyrite

FeAsO4:2H20 Scorodite

CaB609(OH)2:3H20 Nobleite

Na2CrO4 Na2CrO4

Se Se

MgB303(0H)5:5H20 Inderite

Na2Se2 Na2Se2 0.56 -0.49

Si02 Si02(am) -0.37 -0.46 -0.76 -0.83 0.71 -0.76 -0.81 0.78 -0.83 -0.78 0.78 -0.69 -0.72 -0.86 -0.66

Mg4Si6015(0H)2:6H20 Sepiolite

*Numerical values provided for minerals with a saturation index greater than -1.0; Shading provided for minerals with a saturation index greater than 0.0




Table 4-6. Constituent Concentrations in Aquifer Soils

BG-1D BG-2D BG-3D BG-4D BG-6D
Analyte 1/9/2012 12/27/2011 2/28/2012 1/26/2012 2/10/2012
pH (su) 8.7 8.4 8.0 8.6 8.6
Barium (mg/kg) 37 44 140 16 100
Calcium (mg/kg) 100000 23000 100000 35000 96000
Magnesium (mg/kg) 19000 4000 2600 8100 8500
Potassium (mg/kg) 5100 1800 1100 3100 2400
Sodium (mg/kg) 6100 160 240 5400 430
Boron (mg/kg) 30 9.3 6.6 24 8.8
Chloride (mg/kg) 2200 8.2 110 3800 190
Fluoride (mg/kg) 6.1 2.1 7.6 3.7 4.8
Silica (mg/kg) 830 600 520 670 420
Sulfate (mg/kg) 6400 62 10000 8100 820
Aluminum (mg/kg) 17000 4600 4500 10000 7800
Iron (mg/kg) 12000 5800 4400 9900 7300
Manganese (mg/kg) 270 100 200 130 140
Antimony (mg/kg) <1 <1 <1 <1 <1
Arsenic (mg/kg) 3.6 6.5 20 12 9.3
Cadmium (mg/kg) <.25 <.25 .16 .061 <.26
Chromium (hexavalent) (mg/kg) <2 <2 13 <21 <2
Chromium (total) (mg/kg) 13 5.3 5.1 12 8.3
Molybdenum (mg/kg) .39 .62 1.6 A4 7
Phosphate as P (mg/kg) <1 72 <1 <1 <1
Selenium (mg/kg) 71 <1 <10 <53 <10
Thallium (mg/kg) <5 <1 <5.1 <53 <5.1

Sample depth = 0 feet




Table 5-1. Chronology of Events Related to Pond Operations

Unit Pond* History Comments
1-3 D 1969-73 - Received process waste water from Unit 2 (fly ash) (original Ponds C & D in Pond E footprint) 1974 - unlined
1974-75 - Received process waste water from Units 10-2 (FGD)
1976 - Received process waste water from Units 1-3 (FGD)
1982 - Slurry walls installed to control seepage; also, sheet piles and clay (1992 and 1997)
2001 - Pond D closed; solids dried
2002 - Remediation trench and groundwater drain installed to pump groundwater to Pond E-1
2003 - Pond D capped with ash fill and HDPE liner
2009 - Solids removal and sent to mesa landfill
E** 1969-73 - Received process waste water from Unit 2 (fly ash) (original Ponds C & D in Pond E footprint) 1974 - unlined (used low permeability fill)
1974-75 - Received process waste water from Units 10-2 (FGD) 2003 - Pond E lined
1976 - Received process waste water from Units 1-3 (FGD)
1998 - Slurry walls installed to control seepage; also, sheet piles and clay (1992 and 1997)
2001 - Pond E-1 taken out of service; salt and fly ash removed
2002 - Remediation trench and groundwater drain installed to pump groundwater to Pond E
F/G 1986 - Received fly ash from Units 1-3 scrubber blowdown 1986 - built with clay cores in berms and slurry
2002 - Temporarily taken out of service; Pond F partially lined; Pond G solids removed walls
2008 - Pond G closed
2010 - Pond G solids removed, sampled, and placed in mesa landfill
2011 - Pond F closed
2013 - Pond F solids removed, sampled, and placed in mesa landfill
4 4A 1983 - Received Unit 4 ash/scrubber solids (bottom ash, fly ash, FGD, ash water, reactivator solids) 1983 - clayey soil (shallow groundwater at Pond 4A)
1999 - Pond A closed; covered with topsoil
4B/4C 1983 - Received Unit 4 wastewater (FGD, cooling tower blowdown, overflow from ash) 1983 - clayey soil + slurry walls

2001 - Received Units 1, 2, & 3 wastewater
2008 - Pond C closed; solids removal is in progress

2001 - Pond Crelined
2007 - Pond B lined (solids removed)

* Bold Underlined indicates active pond
**pond E-2 no longer active, but Pond E-1 is active

FGD = flue gas desulfurization




Table 5-2. Median Dissolved Constituent Concentrations in Pond Water*

POND 4A POND 4C-3 POND4B-1 PONDA4B-2 PONDA4B-3 PONDA4C-1 POND 4C-2 POND D PONDE-1 PONDE-2 Pond F Effluent POND F POND G
1996-1998  1998-1998  1998-2010 2001-2010 1998-2010  2002-2009 2001-2010 | 1996-1998 2003-2010 2003-2010 2010-2013 1996-2010  1988-2009

Analyte N=7 N=2 N =16 N=11 N =16 N =23 N =29 N=7 N =28 N =28 N=6 N =37 N =61
pH (su) 9.44 9.39 8.80 8.8 8.8 8.97 8.905 8.58 9 9 9.35 7.88 7.8
Specific Cond. (umhos/cm) 26300 24300 72000 98000 105000 83000 82900 112000 93000 95500 63200 57600
Suspended Solids (mg/L)
Temperature (deg C) 22 18.9 16 20.5 19.9 18.5 18 26.6 215 20 23.0 235
Total Dissolved Solids (mg/L) 23600 23450 94500 100000 115000 140000 140000 126000 170000 155000 11800 71400 76100
Total Kjeldahl Nitrogen (mg/L) 19
Total Organic Carbon (mg/L)
Turbidity (NTU)
Calcium (mg/L) 180 435 97 200 145 125 82.5 855 92 115 88.3 154 270
Magnesium (mg/L) 180 260 310 390 300 540 502 2800 685 780 131.5 240 235
Potassium (mg/L) 210 175 1000 940 745 1200 1250 3700 1300 1705 260 230
Sodium (mg/L) 6200 6000 33000 34000 32000 42000 54500 54000 64000 50900 25800 23390
Alkalinity, Bicarbonate (mg/L) 180 87.5 10400 1290 3650 3950 2450 7600 8200 1200 1050
Alkalinity, Carbonate (mg/L) 590 215 6800 8100 6000 2600 7000 5900 860 31
Boron (mg/L) 225 220 190 600 565 620 720 4.685 96.1 135
Chloride (mg/L) 1500 1700 7450 3900 3550 12000 13000 29000 11000 12500 2400 1900
Fluoride (mg/L) 16.5
Silica (mg/L) 5.8 12.7 18 34 28 33 66.5
Sulfate (mg/L) 16000 14150 42000 66000 69000 44000 47000 67000 68000 67000 8085 35000 42000
Iron (mg/L) <2 <2 <1 <1.25 <16 0.284 1.7 46
Manganese (mg/L) <2 <4 2.35 4.6 4.9 5.4 5.7 <0.01 0.915 0.87
Nitrogen, Ammonia (as N) (mg/L)
Nitrogen, Nitrate (as N) (mg/L) <2 <2 <2 <3 2.8 <2.5 <2.5 NA 2.7 1.8
Sulfide (mg/L)
Sulfite (mg/L)
Aluminum (mg/L) <2.5 0.6 <0.625 2.3 <2 <2 1.2 <5
Antimony (mg/L) <0.02
Arsenic (mg/L) 0.37 0.41 0.32 0.92 0.88 0.605 0.795 0.1135 0.25 0.17
Barium (mg/L) 0.17 0.29 0.55 0.351 0.3485 0.285 0.255 0.0827 0.27 0.275
Beryllium (mg/L) <0.06 <0.12 <0.06 <0.15 <0.18 <0.18 <0.18 <0.03 <0.06
Cadmium (mg/L) <0.06 <0.12 <0.06 <0.15 <0.18 <0.18 <0.18 <0.01 <0.03 <0.06
Chromium (mg/L) <0.06 <0.12 <0.06 <0.125 <0.12 <0.15 <0.15 0.0066 <0.05 <0.06
Chromium, hexavalent (mg/L)
Cobalt (mg/L)
Copper (mg/L) <0.02
Lead (mg/L) <0.005 0.012 0.0073 <0.05 <0.05 <0.04 <0.005 <0.025 <0.005 <0.025
Mercury (mg/L) <0.0002 0.0002 0.00024 <0.0002 <0.0002 <0.0002 <0.0002 0.00028 0.00024
Molybdenum (mg/L) 0.8 0.87 0.8 2.3 2.35 2.4 2.4 0.0935 0.55 0.865
Nickel (mg/L) 0.11 <0.2 <0.1 0.44 0.375 0.38 0.36 <0.01 0.12 <0.1
Phosphorus, Total (As P) (mg/L) 1.7 0.55 0.07 3.35 4 1.35 1.2 0.22 3.2 4.2
Selenium (mg/L) 0.46 0.47 0.3 3.14 2.95 1.15 1.3 0.034 0.565 1.02
Silver (mg/L) <0.014
Strontium (mg/L)
Thallium (mg/L) <0.04
Vanadium (mg/L) 0.41 0.46 1.2 3 3.4 2.13 2.55 0.47 14
Zinc (mg/L) <0.1

*Total concentrations for Pond F Effluent




Table 5-3. Constituent Concentrations in Pond Solids and Underlying Soils

Historical Pond B Data” Pond Solids Soils Underlying Ponds

Pond 4B-1 Pond 4B-1 Pond 4B-1 PD-Solids- PF-Solids- PG-Solids-

(0-13 cm)z (13-37 cm)z (0-37 cm)z Composite Composite Composite PD-Soil-1 PF-Soil-1 PG-Soil-1
Analyte 9/1989 9/1989 9/1989 11/5/2009 12/11/2012 11/10/2009 5/6/2010 1/22/2013 9/7/2010
pH (su) 9.6 9.79 9.2 8.7 7.9 8.6
Barium (mg/kg) <400 <400 <400 150 750 99 120 100
Calcium (mg/kg) 404 207000 263000 23000 26000 96000 130000 8600
Magnesium (mg/kg) <650 16000 14200 3800 3400 14000 22000 22000
Potassium (mg/kg) 661 <250 <362 1600 1500 7600 7000 7500
Sodium (mg/kg) 220000 77100 93600 120000 18000 22000 8800 13000
Boron (mg/kg) 620 220 430 74 150
Chloride (mg/kg) 3320 5470 6900 1500 1900 3400 760 550
Fluoride (mg/kg) 560 630
Silica (mg/kg) 2210 10800 13400 480 380
Sulfate (mg/kg) 196000 64100 65900 350000 55000 47000 20000 36000
Aluminum (mg/kg) 2320 2100 3050 7900 21000 18000 21000 16000
Iron (mg/kg) 317 443 752 5800 15000 11000 16000 14000
Manganese (mg/kg) <16 17 <32 54 56 330 700 270
Antimony (mg/kg) <90 <90 <90 <3.1 <29
Arsenic (mg/kg) <5 8 7 2.4 4.4 16 47 26
Cadmium (mg/kg) <40 <40 <40 <1.5 <1.4
Chromium (hexavalent) (mg/kg) A4 <.23
Chromium (total) (mg/kg) <25 <25 <25 16 50 17 18 15
Molybdenum (mg/kg) <12 12 <12 3.8 <14 <1.2 3.1 <1.2
Phosphate as P (mg/kg) <.077
Selenium (mg/kg) <4 <4 <4 3.1 <14 <1.2 <.37 <1.2
Thallium (mg/kg) <1.5 <1.4
Total Phosphorous (mg/kg) 983 2330 2330 470 1800 420 660
Arsenic (TCLP) (mg/L) <.05
Barium (TCLP) (mg/L) <.15
Cadmium (TCLP) (mg/L) <.05
Chromium (TCLP) (mg/L) <.05
Lead (TCLP) (mg/L) <.05
Mercury (TCLP) (mg/L) <.001
Selenium (TCLP) (mg/L) <.05
Silver (TCLP) (mg/L) <.05

! From Ainsworth et al. 1995
2Sample depth (in centimeters)




Table 5-4. Chemical Composition of Pond 4B-1 Water and Porewater (Ainsworth et al. 1995)

Pond Water Pore Water
Element- Core 1 Core 2
Species Surface Middle Bottom Crust Sediment Sediment

Sulfur Species (mg/L)

s? 0.7 1.3 2.6 19.1 3460 1730
503'2 4330 2220 3120 4760 <250 3920
SO4'2 128 300 127 200 132 700 123 700 162 270 136 970
5203'2 6 300 6 490 7 350 5110 1340 5170
SCN <50 <50 <50 <50 100 70
Other Constituents (mg/L)

Na 54 000 61 000 54 800 108 000 92 800 80 000
cl 11 000 8030 15 100 5730 5620 5440
NO, 1600 1620 <100 1340 1370 1350
PO, <30 280 240 2 300 2570 <30
B 216 192 224 272 170 160
F 510 470 320 340 400 380
K 650 640 698 850 490 540
Mg 38 34 40 46 38 <6
Ca 22 20 22 30 18 140
Si 5 4 2 8 2 3
DOC # 159 139 155 917 476 357
pH 9.7 9.7 9.7 ND 9.1 ND
Eh (mV) -250 225 -234 ND -305 ND

1 Al, Ba, Cd, Cr, Cu, Fe, Mn, Mo, Ni, Pb, V, and Zn were at or less than detection limits; ND = not determined.

¥ DOC, dissolved organic carbon.




Table 5-5. Median Total Constituent Concentrations in Interstitial Water

Pond 4B-1 Pond 4B-2  Pond 4B-3 Pond E-1 Pond E-2
Inst. Water  Inst. Water Inst. Water  Inst. Water Inst. Water
1998-2010 2001-2010 1998-2010 2003-2010 2003-2010
Analyte N=16 N=11 N=16 N =28 N =28
pH (su) 9.04 8.73 8.96 .78 9.00
Specific Cond. (umhos/cm)
Suspended Solids (mg/L)
Temperature (deg C)
Total Dissolved Solids (mg/L) 95600 97200 87100 107200 113000
Total Kjeldahl Nitrogen (mg/L) 25 23.25 32 100 181
Total Organic Carbon (mg/L)
Turbidity (NTU)
Calcium (mg/L) 37 93 55.5 42 41.1
Magnesium (mg/L) 442 600 460 330 248
Potassium (mg/L)
Sodium (mg/L)
Alkalinity, Bicarbonate (mg/L)
Alkalinity, Carbonate (mg/L)
Boron (mg/L) 350 465 300 819.00 920
Chloride (mg/L)
Fluoride (mg/L) 129.5 140 120 122 83.5
Silica (mg/L)
Sulfate (mg/L) 50000 63500 54400 44400 31000
Iron (mg/L) <0.5 <0.5 <0.5 <0.5 <0.5
Manganese (mg/L) 0.37 0.928 0.59 0.65 4.01
Nitrogen, Ammonia (as N) (mg/L)
Nitrogen, Nitrate (as N) (mg/L) NA NA NA NA NA
Sulfide (mg/L)
Sulfite (mg/L)
Aluminum (mg/L)
Antimony (mg/L) <0.075 <0.075 <0.075 <0.075 <0.075
Arsenic (mg/L) 0.59 0.5485 0.35 0.5 1.9
Barium (mg/L) 0.03 0.0235 0.0215 0.026 0.016
Beryllium (mg/L) <0.015 <0.015 <0.015 <0.015 <0.015
Cadmium (mg/L) <0.015 <0.015 <0.015 <0.015 <0.015
Chromium (mg/L) <0.025 <0.025 <0.025 <0.025 <0.025
Chromium, hexavalent (mg/L)
Cobalt (mg/L)
Copper (mg/L) <0.025 <0.025 <0.025 <0.025 <0.025
Lead (mg/L) <0.075 <0.075 <0.075 <0.075 <0.05
Mercury (mg/L) <0.0002 <0.0002 <0.0002 <0.002 <0.0002
Molybdenum (mg/L) 0.8 1.27 0.755 0.24 0.13
Nickel (mg/L) 0.063 0.07525 0.032 0.033 0.037
Phosphorus, Total (As P) (mg/L) 2.6 1.6 0.885 1.6 1.7
Selenium (mg/L) 0.18 0.235 0.155 0.35 0.312
Silver (mg/L) <0.05 <0.05 <0.05 <0.05 <0.05
Strontium (mg/L)
Thallium (mg/L) <0.15 <0.15 <0.15 <0.15 <0.15
Vanadium (mg/L)
Zinc (mg/L) <0.025 <0.025 <0.025 <0.025 <0.025




Table 7-1. Average PHREEQC-Predicted Attenuation in Ponds

Evaporation-

Redox-Driven

Driven Mineral Mineral
cocC Precipitation Precipitation1 Adsorption Comments
TDS 6 3 Largely consists of sodium and sulfate
Sulfate 6 Some sulfate precipitation occurs, but minerals are highly soluble in water
Antimony Concentrations are low and Sb does not effectively compete for adsorption
sites (but some adsorption is possible)
Arsenic 28 100 Arsenic will be sequestered by Fe- and Mn-oxyhydroxides; stability of these
phases depends on redox; As forms stable sulfides
Boron 0.04 0.3 1 Some boron precipitation occurs, but minerals are highly soluble in water;
some adsorption may occur
Cadmium 7 93 53 Cd sequestered in sulfides and selenides in sediments (and stability depends
on redox); groundwater concentrations are low
Chromium 100 59 Chromium is likely sequestered as chromite minerals that are typically stable in
groundwater; some chromate adsorption under oxidizing conditions
Fluoride 73 7 Fluorite, sellaite, and fluorapatite are possible mineral phases that are
relatively insoluble
Molybdenum 1 99 42 Mo sequestered in sulfides in sediments (and stability depends on redox)
Phosphorus 71 15 97 Fate and transport of P is uncertain because only total P has been measured;
potentially at low concentrations as apatite
Selenium 79 2 Selenium could occur as Se(0) or selenide in pond solids and sediments; some
adsorption of selenite and selenate may occur
Thallium 36 63 Thallium predicted to precipitate as TI203 in pond water, but this mineral is

not predicted in PHAST (Section 8); Sulfides and selenides are possible

Footnotes: 1) Redox-Driven Mineral Precipitation calculated as the difference between evaporative mineral precipitation and evaporative mineral precipitation + reducing simulations
2) Value indicates predicted attenuation in ponds
3) Light gray shading indicates secondary attenuation process (with <50% reduction in COC concentration)
4) Bold, dark shading represents primary process resulting in greater than 50% reduction in dissolved COC concentration




Table 9-1a. Muddy River Field Investigation - Field Parameters (2014 Q3)

BG-1S | CMW-2D | CMW-2S | CMW-4D | CMW-4S | CMW-7D | CMW-7S | IMW-3S | KMW-2D | KMW-2M [ KMW-2S | KMW-8R [ MW-10RR [ MW-11M | MW-11S [ MW-12M

Parameter Name 9/2/2014 | 9/5/2014| 9/5/2014 | 9/3/2014 | 9/3/2014 | 9/5/2014 | 9/5/2014 | 9/2/2014 | 8/27/2014 | 8/27/2014 | 8/27/2014 | 9/4/2014 | 9/2/2014 | 8/26/2014 | 8/26/2014 | 8/28/2014
(feet)
DTW 29 7.5 7.04 11 11 7.65 6.33 16 14 14 14 22 10 19 18 21
GW Elevation 1584 1582 1582 1585 1584 1587 1588 1582 1588 1588 1588 1577 1588 1588 1589 1588
General Chemistry
pH (field) 7.29 7.03 7.48 7.46 7.38 7.3 6.93 7.52 7.52 7.51 7.59 7.66 7.4 7.2 7.49 7.41
General Chemistry (°C)
Temperature 24 21 23 21 24 21 24 23 21 21 21 23 25 24 23 24
General Chemistry (umhos/cm)
Specific Conductance (field) 2850 12,760 10,450 2700 3320 4770 5460 2480 3390 3510 3230 26,310 18,360 10,600 85,290 24,310
General Chemistry (mg/L)
Oxygen, Dissolved (DO) 3.23 0.22 0.41 0.3 0.16 0.23 0.2 5.13 0.51 0.37 0.38 0.26 5.59 0.8 0.35 1.74
Iron (l1), Dissolved 0.05 1.45 1.03 0.01 0.01 0.41 0.35 0.02 0.63 1.05 0.11 2.51 0.07 0.06 0.06 0.06
Manganese (l1), Dissolved 0.3 3.5 4.9 0.4 0.5 0.7 11 0.4 1.5 0.4 0.3 2.0 4.6 21 1.3 1.4
General Chemistry (mV)
Oxidation-Reduction Potential (ORP) -33. -148.3 -164.7 -154.4 -118.1 -177.8 -129.3 -14.1 -185.3 -173. -124.3 -173.8 -72.1 -69.9 -22.6 -24.5
Eh 166 51 34 45 81 21 70 185 14 26 75 25 127 129 176 175
General Chemistry (NTU)
Turbidity (Field) 0.52 6.83 61 44 18 22 43 69 2.46 33 NA 17 14 237 10 141




Table 9-1a (cont'd ). Muddy River Field Investigation - Field Parameters (2014 Q3)

MW-12S MW-13 MW-14M | MW-14S MW-15 MW-16M | MW-16S | MW-1R MW-5 MW-6 P-17B P-18B P-19AR P-20B P-22
Parameter Name 8/28/2014 | 8/26/2014 | 8/28/2014 | 8/28/2014 | 8/28/2014 | 8/26/2014 | 8/27/2014 | 9/5/2014 | 9/3/2014 | 9/2/2014 | 9/3/2014 | 9/3/2014 | 9/4/2014| 9/8/2014 | 9/8/2014

(feet)
DTW 22 12 22 22 10 11 11 11 19 18 8.53 11 8.0 6.39 3.59
GW Elevation 1588 1589 1588 1587 1589 1586 1586 1586 1588 1588 1578 1573 1573 1574 1576
General Chemistry
ph (field) 7.57 7.28 7.55 7.52 7.3 7.61 7.51 7.22 7.05 7.5 7.26 7.4 7.67 7.78 7.47
General Chemistry (°C)
TEMP"C" 24 24 25 24 25 24 23 27 23 21 25 23 23 22 26
General Chemistry (umhos/cm)
Specific Conductance (field) 117,400 44,380 26,750 110,700 25,940 6380 16,890 3770 13,460 2650 67,500 11,050 6660 4440 14,250
General Chemistry (mg/L)
Oxygen, Dissolved (DO) 0.64 0.59 0.28 0.31 5.85 0.52 0.51 0.09 0.09 0.26 0.9 2.5 1.3 0.11 1.07
Iron (l1), Dissolved 0.32 ND 0.05 0.28 0.18 0.15 0.1 0.64 0.69 0.06 1.74 0.51 0.43 0.49 0.3
Manganese (Il), Dissolved 5.1 4.9 0.7 8.8 1.9 NA NA 22 13 0.8 4.3 35 2.3 1.0 2.3
General Chemistry (mV)
Oxidation-Reduction Potential (ORP) -28.3 -26.2 -87.1 -24.5 -73.5 -80.3 -26.7 -202.7 -173.3 -238.7 -62.5 -68.7 -143. -172.3 -142.7
Eh 171 173 112 175 126 119 172 -4 26 -40 137 130 56 27 56
General Chemistry (NTU)
Turbidity (Field) 85 13 21 26 761 351 50 1.91 1.2 0.3 176 566 961 15 72




Table 9-1b. Muddy River Field Investigation - Field Parameters (2014 Q4)

IMW-2.5D [ IMW-2.5S KMW-9 MW-2R MW-3RR P-15AR P-2 P-4 P-7R
Parameter Name 10/29/2014| 10/29/2014| 10/29/2014 | 10/27/2014  10/27/2014 | 10/28/2014 | 10/28/2014 | 10/28/2014 | 10/28/2014

(feet)
DTP NA NA NA NA NA NA NA NA NA
DTW 7.57 7.1 14 9.71 11 12 11 13 17
GW Elevation 1588 1588 1585 1588 1589 1585 1580 1578 1580
Product Thickness NA NA NA NA NA NA NA NA NA
TPE NA NA NA NA NA NA NA NA NA
General Chemistry
pH (field) 8.02 8.16 8.29 8.27 8.53 7.49 7.88 8.24 8.44
General Chemistry (°C)
Temperature 18 19 22 23 25 24 25 25 24
General Chemistry (umhos/cm)
Specific Conductance (field) 3060 4410 42,200 17,900 31,710 10,250 37,760 52,530 92,230
General Chemistry (mg/L)
Oxygen, Dissolved (DO) 1.85 1.69 0.38 0.25 3.36 1.19 0.33 0.3 1.02
Iron (Il), Dissolved ND 0.05 0.14 0.54 0.14 0.19 0.24 0.13 0.12
Manganese (l1), Dissolved 0.4 0.6 2.3 2.6 1.8 1.7 1.2 2.9 3.7
General Chemistry (mV)
Oxidation-Reduction Potential (ORP) -60.6 -68.2 -75.4 -71.4 -90.5 -29.3 -52.1 -72.8 -84.3
Eh 138 131 124 128 109 170 147 126 115
General Chemistry (NTU)
Turbidity (Field) 3.49 28 12 937 56 6.65 1.99 1.22 29




Table 9-2a. Muddy River Field Investigation - Groundwater Laboratory Results (2014 Q3)

Unit 4 B&C Pond Wells

MW-13 KMW-2M MW-15
MW-5 MW-6 MW-13 . MW-16S MW-16M KMW-2S KMW-2M K KMW-2D MW-10RR MW-11S MW-11M MW-12S MW-12M MW-14S MW-14M MW-15 .
Duplicate Duplicate Duplicate
Parameter Name 9/3/2014 9/2/2014 | 8/26/2014 | 8/26/2014 | 8/27/2014 | 8/26/2014 | 8/27/2014 | 8/27/2014 | 8/27/2014 | 8/27/2014 | 9/2/2014 | 8/26/2014 | 8/26/2014 | 8/28/2014 | 8/28/2014 | 8/28/2014 | 8/28/2014 | 8/28/2014 | 8/28/2014

General Chemistry (umhos/cm)
Specific Conductance
General Chemistry (mg/L)
Alkalinity - Bicarbonate, Dissolved 549 407 1245 1216 311 130 371 418 423 452 478 1619 314 1124 270 1196 407 344 363
Total Alkalinity, Dissolved 549 407 1245 1216 311 130 371 418 423 452 478 1619 314 1124 270 1196 407 344 363
Chloride, Dissolved 2100 270 2900 2900 2200 1000 360 400 400 390 3000 8100 2200 24,000 2300 12,000 1800 1800 1900
Oxygen, Dissolved (DO) 0.09 0.26 0.59 NA 0.51 0.52 0.38 0.37 NA 0.51 5.59 0.35 0.8 0.64 1.74 0.31 0.28 5.85 NA
Nitrogen, Ammonia (as N), Dissolved 1.0 0.52 6.1 6.5 0.28 0.26 0.54 0.43 0.44 0.37 1.5 7.8 0.39 23 0.19 35 0.12 35 2.1
Nitrogen, Nitrate (as N), Dissolved <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 0.68 0.76 <0.5 <0.5 <0.5
Nitrogen, Nitrite (as N), Dissolved <05 <05 <05 <05 <05 <05 <05 <05 <05 <05 <05 <05 <05 <05 <05 <05 <05 <05 <05
Phosphorus, Total, Dissolved 0.21 <0.1 NA NA NA NA 0.13 NA NA NA NA 2.0 NA NA NA 1.4 NA NA NA
Sulfate, Dissolved 6000 870 78,000 72,000 7000 3000 1200 1300 1300 1200 8200 81,000 3500 66,000 7100 60,000 17,000 18,000 24,000
Sulfide, Dissolved <0.016 <0.016 <0.016 <0.016 <0.016 <0.016 <0.016 <0.016 <0.016 <0.016 <0.016 <0.016 <0.016 <0.016 <0.016 <0.016 <0.016 <0.016 <0.016
Sulfite, Dissolved <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2
Total Dissolved Solids, Dissolved 12,310 1992 114,000 113,600 14,040 6152 2584 2822 2878 2716 15,820 86,200 9100 101,200 14,460 101,400 26,660 28,600 31,800
Chemical Oxygen Demand, Dissolved <10 <10 <10 <10 180 110 13 11 50 13 <10 770 66 2100 52 1300 57 52 51
Carbon, Dissolved Organic (DOC) 3.3 0.80 27 29 3.2 1.8 2.5 1.2 1.2 1.7 2.6 40 1.2 78 3.5 58 7.0 4.1 4.3
Metals (mg/L)
Arsenic (Il1), Dissolved 0.203 0.0984 0.000880 0.00118 <0.001 0.00314 0.120 0.128 0.128 0.101 0.0235 0.00599 0.0198 <0.001 <0.001 <0.01 <0.001 <0.001 <0.001
Arsenic (V), Dissolved 0.0636 0.157 0.0455 0.0428 0.176 0.0393 0.0269 0.0138 0.0139 0.0137 0.0284 1.42 0.0168 0.201 0.0668 1.11 0.0162 0.210 0.214
Arsenic, Dissolved 0.31 0.23 0.063 0.062 0.19 0.070 0.17 0.15 0.15 0.12 0.053 1.67 0.042 0.33 0.073 1.19 0.026 0.24 0.23
Beryllium, Dissolved <0.003 <0.003 < 0.006 < 0.006 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.015 <0.003 <0.015 <0.003 <0.03 <0.003 <0.003 <0.003
Boron, Dissolved 35 0.97 49 49 15 34 13 13 1.2 1.5 7.1 63 2.9 230 6.0 140 16 26 24
Cadmium, Dissolved <0.01 <0.001 <0.01 <0.01 <0.01 < 0.005 < 0.005 <0.002 <0.002 <0.002 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Calcium, Dissolved 420 95 580 570 500 690 130 160 160 140 500 540 590 500 480 510 430 460 460
Chromium (1), Dissolved < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002
Chromium (1), Total < 0.0002 < 0.0002 NA < 0.0002 < 0.0004 < 0.0002 < 0.0002 < 0.0002 NA < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 NA
Chromium, Dissolved < 0.005 < 0.005 <0.01 <0.01 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 <0.025 < 0.005 <0.025 < 0.005 <0.05 < 0.005 < 0.005 < 0.005
Fluoride, Dissolved 3.3 4.7 <0.5 <0.5 5.0 2.1 4.1 3.4 3.7 3.4 <0.5 <0.5 <0.5 29 <0.5 27 3.5 11 11
Chromium, Hexavalent < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002
Chromium, Hexavalent, Total < 0.0002 < 0.0002 NA < 0.0002 < 0.0004 < 0.0002 < 0.0002 < 0.0002 NA < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0004 < 0.0002 NA
Iron, Dissolved 0.37 <0.05 <0.1 <0.1 <0.1 <0.05 <0.1 1.4 1.8 0.86 0.076 <0.25 <0.05 <0.25 <0.05 <05 <0.05 <0.05 <0.05
Magnesium, Dissolved 680 140 2100 2100 760 380 150 160 160 160 810 1700 520 3100 750 1000 930 400 380
Manganese, Dissolved 0.93 0.14 4.1 4.2 0.21 0.45 0.20 0.28 0.26 0.28 2.9 0.96 0.42 5.6 0.71 2.1 0.095 1.4 1.6
Molybdenum, Dissolved 0.010 0.019 0.095 0.092 0.63 0.15 0.029 0.020 0.020 0.025 0.56 0.14 0.052 1.6 0.75 2.7 0.068 0.14 0.14
Nickel, Dissolved 0.091 < 0.005 0.013 0.013 < 0.005 0.012 < 0.005 < 0.005 < 0.005 < 0.005 0.0059 0.55 < 0.005 0.75 0.010 <0.05 0.011 < 0.005 < 0.005
Potassium, Dissolved 75 34 430 430 180 70 42 36 36 28 190 960 87 1500 130 870 110 120 130
Selenium (IV), Dissolved < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 0.000611 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002
Selenium (VI), Dissolved < 0.0002 < 0.0002 0.000178 0.000150 0.000243 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 0.0141 < 0.0002 < 0.0002 0.00280 < 0.0002 0.000460 < 0.0002 < 0.0002 < 0.0002
Selenium, Dissolved <0.01 <0.001 0.032 0.027 <0.01 < 0.005 < 0.005 <0.002 <0.002 <0.002 0.017 <0.01 <0.01 0.069 <0.01 0.025 <0.01 <0.01 <0.01
Sodium, Dissolved 2200 320 29,000 29,000 2900 620 490 500 500 530 3200 50,000 1400 69,000 3300 80,000 7000 9500 8200
Titanium, Dissolved < 0.005 < 0.005 <0.01 <0.01 < 0.005 0.0051 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 <0.025 < 0.005 <0.025 < 0.005 <0.05 < 0.005 < 0.005 < 0.005
Vanadium, Dissolved < 0.003 < 0.003 < 0.006 < 0.006 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 <0.015 < 0.003 <0.015 < 0.003 <0.03 < 0.003 < 0.003 < 0.003

Notes:

*Labels in parentheses are the sample labels in the laboratory report: MR26.2 reported as MR26.3 in laboratory reports; MR24.5 reported as MR 24.4 in laboratory reports; SGSPR total samples collected 8/27 and filtered samples collected 8/28 at same location

Bold heading = samples collected by OGI in conjunction with the RGS quarterly GMR; non-bold heading =samples collected by Stanley Consultants
=sample filtered in field with 0.45 micron filter

Shaded Row

Monitoring Wells MW-2R, MW-3RR, MW-4, IMW-2.5S, IMW-2.5D, HM-53, HM-54, P-2, P-4, P-7R, P-15AR, P-21, and KMW-9 not sampled in 3rd quarter due to flooding. Most wells were sampled in October, and results will be reported in a future deliverable.




Table 9-2a (cont'd ). Muddy River Field Investigation - Groundwater Laboratory Results (2014 Q3)

Former Pond 4A Wells Former Pond D,E, F, G Wells
BG-1S CMW-2D CMW-4D KMW-8R P-20B
IMW-3S . MW-1R CMW-2S . CMW-2D CMW-4S CMW-4D CMW-7S CMW-7D KMW-8R . P-17B P-18B P-19AR P-20B . P-22
Duplicate Duplicate Duplcate Duplicate Duplicate

Parameter Name 9/2/2014 9/2/2014 9/5/2014 9/5/2014 9/5/2014 9/5/2014 9/3/2014 9/3/2014 9/3/2014 9/5/2014 9/5/2014 9/4/2014 9/4/2014 9/3/2014 9/3/2014 9/4/2014 9/8/2014 9/8/2014 9/8/2014
General Chemistry (umhos/cm)
Specific Conductance
General Chemistry (mg/L)
Alkalinity - Bicarbonate, Dissolved 344 331 369 575 676 676 281 136 133 345 389 196 197 833 377 150 124 123 296
Total Alkalinity, Dissolved 344 331 369 575 676 676 281 136 133 345 389 196 197 833 377 150 124 123 296
Chloride, Dissolved 240 310 260 1200 1500 1500 320 280 290 300 140 2600 2200 4500 1100 820 450 460 1300
Oxygen, Dissolved (DO) 5.13 NA 0.09 0.41 NA 0.22 0.16 0.3 NA 0.2 0.23 0.26 NA 0.9 2.5 1.3 0.11 NA 1.07
Nitrogen, Ammonia (as N), Dissolved 1.0 0.11 1.6 2.2 0.94 1.1 0.90 0.23 <0.038 13 0.75 4.5 1.1 5.1 0.85 0.37 0.67 0.44 1.6
Nitrogen, Nitrate (as N), Dissolved 0.72 0.60 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
Nitrogen, Nitrite (as N), Dissolved <05 <05 <05 <05 <05 <05 <05 <05 <05 <05 <05 <05 <05 <05 <05 <05 <05 <05 <05
Phosphorus, Total, Dissolved NA <0.1 NA NA NA NA NA NA NA NA NA NA NA 1.2 0.11 <0.1 NA NA 0.17
Sulfate, Dissolved 770 930 1600 5100 6700 6700 1200 1100 1100 3100 2700 17,000 17,000 69,000 6100 4000 2300 2400 8000
Sulfide, Dissolved <0.016 <0.016 <0.016 <0.016 <0.016 <0.016 <0.016 <0.016 <0.016 <0.016 <0.016 <0.016 <0.016 <0.016 <0.016 <0.016 <0.016 <0.016 <0.016
Sulfite, Dissolved <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2
Total Dissolved Solids, Dissolved 1730 2032 2988 9380 12,420 12,380 2436 2124 2092 5044 4164 27,820 27,720 94,800 10,790 6832 4144 4124 13,800
Chemical Oxygen Demand, Dissolved <10 <10 15 37 54 45 <10 <10 <10 16 <10 88 120 240 27 18 <10 15 48
Carbon, Dissolved Organic (DOC) <0.11 0.20 2.1 2.9 4.0 7.5 0.23 <0.11 0.13 2.2 1.7 5.1 5.1 30 2.1 0.62 0.60 0.46 2.2
Metals (mg/L)
Arsenic (Il1), Dissolved <0.001 <0.001 0.372 0.439 0.300 0.290 <0.001 <0.001 <0.001 0.231 0.428 0.0260 0.0254 0.00429 0.0181 0.0121 0.0201 0.0203 0.00529
Arsenic (V), Dissolved 0.0402 0.0242 0.0359 0.0232 0.0544 0.0611 0.0209 0.0288 0.0296 0.569 0.0298 0.00235 0.00240 0.0820 0.0663 0.00279 0.00325 0.00322 0.00143
Arsenic, Dissolved 0.037 0.023 0.45 0.55 0.43 0.43 0.022 0.031 0.031 0.89 0.58 0.038 0.040 0.20 0.086 0.020 0.026 0.026 <0.01
Beryllium, Dissolved <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 < 0.006 <15 <0.015 <0.003 <0.003 <0.003 <0.003 <0.003
Boron, Dissolved 0.94 0.88 13 6.5 11 11 1.0 0.80 0.82 2.5 4.7 60 59 100 9.8 35 2.8 2.6 16
Cadmium, Dissolved <0.001 <0.002 <0.002 <0.01 <0.01 <0.01 <0.002 <0.001 <0.001 < 0.005 < 0.005 <0.01 <0.01 <0.01 <0.01 <0.01 < 0.005 < 0.005 <0.01
Calcium, Dissolved 110 150 380 410 390 390 100 120 120 470 150 480 470 510 460 620 450 440 510
Chromium (1), Dissolved < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0004 < 0.0004 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002
Chromium (1), Total < 0.0002 NA < 0.0002 < 0.0002 NA < 0.0002 < 0.0002 < 0.0002 NA < 0.0002 < 0.0002 < 0.0004 NA < 0.0002 < 0.0002 < 0.0002 < 0.0002 NA < 0.0002
Chromium, Dissolved < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 <0.01 <0.01 <0.025 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005
Fluoride, Dissolved 3.9 33 7.5 8.0 5.9 5.6 35 3.9 4.0 5.2 4.1 2.8 3.1 <0.5 <0.5 2.1 2.1 2.1 2.3
Chromium, Hexavalent 0.00054 0.00068 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0004 < 0.0004 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002
Chromium, Hexavalent, Total 0.00055 NA < 0.0002 < 0.0002 NA < 0.0002 < 0.0002 < 0.0002 NA < 0.0002 < 0.0002 < 0.0004 NA < 0.0002 < 0.0002 < 0.0002 < 0.0002 NA < 0.0002
Iron, Dissolved <0.05 <0.05 1.0 1.4 1.5 1.5 <0.05 <0.05 <0.05 <0.05 0.28 2.8 2.8 2.2 13 0.15 0.51 0.52 0.78
Magnesium, Dissolved 92 110 79 420 500 500 120 120 110 210 150 940 950 4000 520 370 220 220 590
Manganese, Dissolved < 0.005 < 0.005 0.13 0.086 0.20 0.19 < 0.005 < 0.005 < 0.005 0.64 0.12 0.70 0.70 0.95 0.87 0.75 0.59 0.58 0.99
Molybdenum, Dissolved 0.021 0.017 0.0089 0.059 0.080 0.078 0.025 0.016 0.018 0.028 0.039 0.15 0.15 0.15 0.19 0.094 0.11 0.097 0.077
Nickel, Dissolved < 0.005 < 0.005 < 0.005 0.0090 0.028 0.029 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 <0.01 <0.01 <0.025 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005
Potassium, Dissolved 24 21 34 85 70 70 26 24 24 64 40 120 120 210 64 61 50 49 85
Selenium (IV), Dissolved < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 <0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002
Selenium (VI), Dissolved 0.00498 0.00520 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 0.000778 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002
Selenium, Dissolved 0.0043 0.0061 <0.002 <0.01 <0.01 <0.01 <0.002 <0.001 <0.001 < 0.005 < 0.005 <0.01 <0.01 0.011 <0.01 <0.01 < 0.005 < 0.005 <0.01
Sodium, Dissolved 320 340 330 1900 2800 2800 360 260 250 610 930 6600 6700 23,000 2000 660 390 380 2700
Titanium, Dissolved < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 <0.01 <0.01 <0.025 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005
Vanadium, Dissolved < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.006 < 0.006 <0.015 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003
Notes:

*Labels in parentheses are the sample labels in the laboratory report: MR26.2 reported as MR26.3 in laboratory reports; MR24.5 reported as MR 24.4 in laboratory reports; SGSPR total samples collected 8/27 and filtered samples collected 8/28 at same location
Bold heading = samples collected by OGI in conjunction with the RGS quarterly GMR; non-bold heading =samples collected by Stanley Consultants

Shaded Row =sample filtered in field with 0.45 micron filter

Monitoring Wells MW-2R, MW-3RR, MW-4, IMW-2.5S, IMW-2.5D, HM-53, HM-54, P-2, P-4, P-7R, P-15AR, P-21, and KMW-9 not sampled in 3rd quarter due to flooding. Most wells were sampled in October, and results will be reported in a future deliverable.




Table 9-2b. Muddy River Field Investigation - Groundwater Laboratory Results (2014 Q4)

IMW-2.5D | IMW-2.55 [ KMW-9 KMW-9 MW-2R MW-2R MW-3RR P-15AR P-2 P-2 P-4 P-7R
Parameter Name 10/29/2014 | 10/29/2014 | 10/29/2014 | 10/29/2014 | 10/27/2014 | 10/27/2014 | 10/27/2014 | 10/28/2014 | 10/28/2014 | 10/28/2014 | 10/28/2014 | 10/28/2014

General Chemistry (umhos/cm)
Specific Conductance (field) 3060 4410 NA 42,200 17,900 NA 31,710 10,250 37,760 NA 52,530 92,230
Specific Conductance 3550 5100 45,900 45,800 11,900 11,790 32,000 10,960 37,400 37,300 53,500 108,500
General Chemistry (mg/L)
Alkalinity - Bicarbonate, Dissolved 460 500 560 560 600 600 700 600 720 720 720 1080
Total Alkalinity, Dissolved 460 500 560 560 600 600 700 600 720 720 720 1080
Carbon, Dissolved Organic (DOC) 3.5 5.3 4.1 4.1 3.6 3.5 15 6.6 16 16 16 29
Chemical Oxygen Demand, Dissolved <10 16 420 1500 56 52 810 23 2600 1200 1100 950
Chloride, Dissolved 350 560 3400 3400 1900 1900 9900 600 6000 6100 5000 5700
Oxygen, Dissolved (DO) 1.85 1.69 NA 0.38 0.25 NA 3.36 1.19 0.33 NA 0.3 1.02
Hardness as CaCO3 NA NA NA NA NA NA NA NA NA NA NA NA
Iron (11), Dissolved 0. 0.05 NA 0.14 0.54 NA 0.14 0.19 0.24 NA 0.13 0.12
Manganese (), Dissolved 0.4 0.6 NA 2.3 2.6 NA 1.8 1.7 1.2 NA 2.9 3.7
Nitrate + Nitrite (as N) NA NA NA NA NA NA NA NA NA NA NA NA
Nitrogen, Ammonia (as N), Dissolved 15 4.6 2.3 2.2 0.37 0.56 0.39 2.8 0.38 0.38 9.6 62
Nitrogen, Nitrate (as N), Dissolved <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 0.53 <0.5 2.1 2.9 <0.5 <0.5
Nitrogen, Nitrite (as N), Dissolved <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
Total Nitrogen NA NA NA NA NA NA NA NA NA NA NA NA
Phosphorus, Total (as P) NA NA NA NA NA NA NA NA NA NA NA NA
Phosphorus, Total, Dissolved NA NA NA NA 0.099 0.027 NA 0.079 NA NA 0.090 0.69
Sulfate NA NA NA NA NA NA NA NA NA NA NA NA
Sulfate, Dissolved 1100 1700 30,000 31,000 4200 4400 20,000 5500 18,000 18,000 38,000 64,000
Sulfide, Dissolved <0.016 <0.016 <0.016 <0.016 <0.016 <0.016 <0.016 <0.016 <0.016 <0.016 <0.016 <0.016
Sulfite, Dissolved <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2
Suspended Solids (residue, non-filterable) NA NA 17 30 32 43 119 NA 76 49 22 <15
Total Dissolved Solids (residue, filterable) NA NA NA NA NA NA NA NA NA NA NA NA
Total Dissolved Solids, Dissolved 2530 3776 51,300 51,600 9830 9810 36,200 10,010 38,700 38,600 60,300 136,800
Total Kjeldahl Nitrogen NA NA NA NA NA NA NA NA NA NA NA NA
Total Organic Carbon NA NA NA 4.2 3.5 NA 15 NA 16 NA 15 29
Metals (mg/L)
Antimony, Total NA NA NA NA NA NA NA NA NA NA NA NA
Arsenic (lll), Dissolved 0.144 0.0579 <0.005 <0.005 0.110 0.133 <0.005 0.0429 0.0917 0.102 0.0101 0.648
Arsenic (V), Dissolved 0.0200 0.0991 0.0172 0.0165 0.130 0.0904 0.0693 0.112 0.313 0.285 0.379 0.282
Arsenic, Dissolved 0.14 0.20 0.021 0.021 0.32 0.31 0.065 0.15 0.42 0.47 0.39 1.00
Arsenic, Total NA NA NA NA NA NA NA NA NA NA NA NA
Barium, Dissolved NA NA NA NA NA NA NA NA NA NA NA NA
Barium, Total NA NA NA NA NA NA NA NA NA NA NA NA
Beryllium, Dissolved <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.006 <0.006 <0.012 <0.015
Beryllium, Total NA NA NA NA NA NA NA NA NA NA NA NA
Boron, Dissolved 1.2 1.6 170 170 4.2 4.2 26 16 41 57 170 500
Boron, Total NA NA NA NA NA NA NA NA NA NA NA NA
Cadmium, Dissolved <0.001 <0.005 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Cadmium, Total NA NA NA NA NA NA NA NA NA NA NA NA
Calcium, Dissolved 120 120 490 500 370 380 480 510 440 510 470 650
Calcium, Total NA NA NA NA NA NA NA NA NA NA NA NA
Chromium (l11), Dissolved <0.0002 [ <0.0002 | <0.0002 | <0.0002 | <0.0002 | <0.0002 0.00510 | <0.0002 | <0.0002 | <0.0002 | <0.0002 | <0.0002
Chromium (Ill), Total <0.0002 <0.0002 NA <0.0002 <0.0002 NA <0.0002 <0.0002 <0.0002 NA <0.0002 <0.0002
Chromium, Dissolved <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 0.0051 <0.005 <0.01 <0.01 <0.02 <0.025
Chromium, Total NA NA NA NA NA NA NA NA NA NA NA NA
Copper, Total NA NA NA NA NA NA NA NA NA NA NA NA
Fluoride, Dissolved 3.8 5.4 9.3 9.4 <0.5 <0.5 8.4 <0.5 5.0 5.0 <0.5 <0.5
Fluoride, Total NA NA NA NA NA NA NA NA NA NA NA NA
Chromium, Hexavalent <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002
Chromium, Hexavalent, Total <0.0002 <0.0002 NA <0.0002 <0.0002 NA <0.0002 <0.0002 <0.0002 NA <0.0002 <0.0002
Iron, Dissolved 0.17 0.24 <0.05 <0.05 0.28 0.26 <0.05 0.057 0.15 0.16 <0.2 0.29
Iron, Total NA NA NA NA NA NA NA NA NA NA NA NA
Lead, Total NA NA NA NA NA NA NA NA NA NA NA NA
Magnesium, Dissolved 150 210 1500 1400 420 440 2800 260 1600 1900 1400 1400
Magnesium, Total NA NA NA NA NA NA NA NA NA NA NA NA
Manganese, Dissolved 0.22 0.38 1.3 1.6 0.31 0.31 1.7 0.088 0.89 0.80 2.4 33
Manganese, Total NA NA NA NA NA NA NA NA NA NA NA NA
Mercury, Total NA NA NA NA NA NA NA NA NA NA NA NA
Molybdenum, Dissolved 0.029 0.035 0.24 0.26 0.080 0.087 1.5 0.047 1.7 15 1.1 0.19
Molybdenum, Total NA NA NA NA NA NA NA NA NA NA NA NA
Nickel, Dissolved <0.005 <0.005 0.020 0.020 0.0083 0.0070 0.0067 <0.005 <0.01 <0.01 0.076 0.17
Nickel, Total NA NA NA NA NA NA NA NA NA NA NA NA
Potassium, Dissolved 30 47 240 230 77 78 340 61 620 690 600 830
Selenium (IV), Dissolved < 0.0005 < 0.0005 < 0.0005 < 0.0005 0.00170 0.00237 < 0.0005 < 0.0005 0.000173 0.00161 < 0.0005 <0.0005
Selenium (VI), Dissolved <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Selenium, Dissolved <0.001 <0.005 0.012 0.011 <0.01 <0.01 <0.01 <0.01 0.030 0.037 <0.01 0.055
Selenium, Total NA NA NA NA NA NA NA NA NA NA NA NA
Silver, Total NA NA NA NA NA NA NA NA NA NA NA NA
Sodium, Dissolved 490 800 1400 1500 2100 2200 5600 2200 7700 8800 16,000 53,000
Strontium, Dissolved NA NA 12 11 12 13 12 12 10 9.2 11 13
Thallium, Dissolved <0.001 <0.005 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.016
Thallium, Total NA NA NA NA NA NA NA NA NA NA NA NA
Titanium, Dissolved <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.01 <0.01 <0.02 <0.025
Vanadium, Dissolved <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.006 <0.006 <0.012 <0.015
Zinc, Dissolved NA NA <0.005 <0.005 0.020 0.022 <0.005 <0.005 <0.01 <0.01 <0.02 <0.025
Zinc, Total NA NA NA NA NA NA NA NA NA NA NA NA




Table 9-3a. Slime-Forming Bacteria Sample Observations

Date Sampled Well Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8
9/5/2014 CMW-2 S NO NO NO NO NO DS DS DS
9/5/2014 CMW-2D NO NO NO NO NO NO NO NO
9/3/2014 CMW-4 S NO NO NO NO NO NO NO NO
9/3/2014 CMW-4 D NO NO NO NO NO NO NO NO
9/5/2014 CMW-7 S NO NO NO NO NO NO NO NO
9/5/2014 CMW-7 D NO NO NO NO NO NO NO NO

10/29/2014 IMW-2.5 S NO DS DS DS DS DS DS DS
10/29/2014 IMW-2.5D NO NO CL CL CL CL CL CL
9/2/2014 IMW-3 S NO NO NO NO NO NO NO NO
8/27/2014 KMW-2 S NO NO NO NO NO NO NO CL
8/27/2014 KMW-2 M NO NO BL BL BL BL BL BL
8/27/2014 KMW-2 D NO NO NO NO NO NO NO NO
9/4/2014 KMW-8 R NO NO BL/DS BL/DS DS/CL DS DS DS
10/29/2014 KMW-9 NO NO NO CL CL CL CL cL/cp
9/5/2014 MW-1R NO CL CL CL CL CL CL CL
10/27/2014 MW-2 R NO NO NO CL CL CL CL CL
10/27/2014 MW-3 RR NO NO DS DS DS DS DS DS
MW-4 NS NS NS NS NS NS NS NS
9/3/2014 MW-5 NO CL CL CL CL/DS CL/DS DS DS
9/2/2014 MW-6 NO NO NO NO NO NO NO NO
9/2/2014 MW-10 RR NO NO NO NO DS DS DS CL
8/26/2014 MW-11§ NO NO NO NO NO NO NO NO
8/26/2014 MW-11 M NO NO NO NO NO BL BL BL
8/28/2014 MW-12 S NO NO NO NO NO NO NO DS
8/28/2014 MW-12 M NO NO NO NO NO NO NO DS
8/26/2014 MW-13 NO NO NO NO NO NO NO NO
8/28/2014 MW-14 S NO NO NO NO NO NO NO NO
8/28/2014 MW-14 M NO NO NO NO NO NO NO BL
8/28/2014 MW-15 NO NO NO NO NO NO NO DS
8/27/2014 MW-16 S NO NO NO NO NO NO NO NO
8/26/2014 MW-16 M NO NO NO NO NO NO NO NO
10/28/2014 P-2 NO DS DS DS DS DS DS DS
10/28/2014 P-4 NO NO NO CL CL CL CL CL
10/28/2014 P-7R NO CL CL CL CL CL CL CL
10/28/2014 P-15 AR NO NO NO CL CL CL CL DS
9/3/2014 P-17B NO DS DS DS DS DS CL CL
9/3/2014 P-18B NO CL DS DS/CL DS/CL DS/CL DS DS
9/4/2014 P-19 AR NO NO NO NO NO NO NO NO
9/8/2014 P-20B NO NO NO NO CL CL CL CL
P-21 NS NS NS NS NS NS NS NS
9/8/2014 P-22 NO CL CL CL CL CL CL CL
10/27/2014 HM-53 NO NO CL CL CL CL CL CL
10/27/2014 HM-54 NO NO NO CL CL CL CL CL
9/2/2014 BG-1S NO NO NO NO NO NO NO NO
KEY
NS - Not sampled
NO - Absent

DENSE SLIME (DS) in base or SLIME RINGS (SR) around ball - Dense Slime Bacteria
CLOUDY (CL) growth or LAYERED PLATES (CP) - Slime Forming Bacteria
BLACKENED LIQUID (BL) - Pseudomonads and Enterics

THREAD-LIKE STRANDS (TH) - Tight Slime Bacteria



Table 9-3b. Iron-Related Bacteria Sample Observations

Date Sampled Well Day1 Day 2 Day 3 Day 4 Day5 Day 6 Day 7 Day 8
9/5/2014 CMW-2 S GC FO/RC FO/RC/BR/BG FO/BR/GC BR/BL BR/BL BR/BL BR/BL
9/5/2014 CMW-2D GC FO/RC FO/BR/RC FO/RC/BR FO/RC/BR FO/RC/BR FO/RC/BR FO/RC/BR
9/3/2014 CMW-4 S GC GC FO/RC FO/RC/BR FO/RC/BR FO/RC/BR BR/RC BR/RC
9/3/2014 CMW-4 D GC GC FO/RC FO/RC/BR FO/RC/BR FO/RC/BR BR/RC BR/RC
9/5/2014 CMW-7 S GC FO/RC FO/RC/BR FO/RC/BR BR/RC BR/RC/BL BR/BL BR/BL
9/5/2014 CMW-7 D GC GC FO/RC FO/RC/BR FO/RC/BR FO/RC/BR FO/RC/BR BR/RC

10/29/2014 IMW-2.5 S GC GC GC GC/FO GC/FO GC/FO/BR GC/FO/BR BL/BR
10/29/2014 IMW-2.5 D GC GC GC GC GC GC/FO GC/FO GC/FO/BR
9/2/2014 IMW-3 S GC GC FO/RC FO/RC FO/RC/BR FO/RC/BR FO/RC/BR BR/RC
8/27/2014 KMW-2 S GC FO FO FO FO FO FO FO
8/27/2014 KMW-2 M GC FO FO FO FO FO FO FO
8/27/2014 KMW-2 D GC GC FO/RC FO/RC FO/RC FO FO FO
9/4/2014 KMW-8 R GC GC FO/RC FO/RC FO/RC/BR FO/RC FO/BR/RC/BL FO/BL
10/29/2014 KMW-9 GC GC RC RC/FO RC/FO RC/FO RC/FO/BR RC/FO/BR
9/5/2014 MW-1R GC GC FO/RC/BR/BG FO/RC/BR BR/RC BR/RC BR/RC BR/BG/RC
10/27/2014 MW-2 R GC GC RC/FO RC/FO RC/FO/BR RC/FO/BR GC/BR/BG GC/BR/BG
10/27/2014 MW-3 RR GC GC GC/RC RC/FO RC/FO/BR RC/FO/BR RC/FO/BR RC/FO/BR/BG
MW-4 NS NS NS NS NS NS NS NS
9/3/2014 MW-5 GC GC GC FO/RC FO/BR/RC/BG FO/BR/RC/BG FO/BR/BL BR/BL/RC/FO
9/2/2014 MW-6 GC GC FO FO/RC FO/RC/BR BR/BC BR/GC BR/FO/BL
9/2/2014 MW-10 RR GC GC FO FO/RC FO/RC/BG BR/BC BR/BL BR/BL
8/26/2014 MW-11S GC GC GC/RC RC FO/BR FO/BR FO/BR FO/BR
8/26/2014 MW-11 M GC BR FO/BC FO/BC FO/BC FO/BC FO/BC FO/BC
8/28/2014 MW-12 S GC GC GC RC RC RC RC RC
8/28/2014 MW-12 M GC FO/RC FO BR BR RC RC/BG BG/BR
8/26/2014 MW-13 GC GC GC RC FO/BR FO/BR FO/BR FO/BR
8/28/2014 MW-14 S GC GC GC GC GC RC RC RC
8/28/2014 MW-14 M FO FO FO FO FO/BR FO/BG BR/BG BG/BR
8/28/2014 MW-15 GC FO/RC FO FO/RC FO/RC FO/RC/BG RC/BG BG/BL
8/27/2014 MW-16 S GC FO/BR FO FO/BC FO/BC FO/BC FO/BC BL/BR
8/26/2014 MW-16 M GC FO/BC FO/BC FO/BC FO/BC FO/BC FO/BC FO/BC
10/28/2014 P-2 GC GC RC/FO RC/FO/BR RC/FO/BR RC/BR RC/BR RC/BR
10/28/2014 P-4 GC GC GC GC/BG RC/FO RC/FO RC/FO RC/FO/BR
10/28/2014 P-7R GC GC GC GC/BG GC/BG GC/BG GC/BG GC/BG
10/28/2014 P-15 AR GC GC RC/FO RC/FO/BR RC/FO/BR RC/FO/BR/BG RC/FO/BR/BG RC/FO/BR/BG
9/3/2014 P-17B GC GC BG/RC FO/RC/BG FO/RC/BG FO/RC/BG FO/RC FO/RC/BR
9/3/2014 P-18 B GC GC GC FO/RC FO/BR/RC FO/BR/RC BR/BL FO/RC/BR/BL
9/4/2014 P-19 AR GC RC FO/BR/RC FO/BR/RC FO/BR/RC BR/RC BR/RC/FO BR/RC
9/8/2014 P-20B GC FO/RC FO/RC/BR FO/RC/BR FO/RC/BR FO/RC/BR FO/RC/BR RC/BR/BG
P-21 NS NS NS NS NS NS NS NS
9/8/2014 P-22 GC FO/RC FO/RC/BR FO/RC FO/RC FO/BR/RC FO/BR/RC BR/RC
10/27/2014 HM-53 GC GC GC/FO RC/FO RC/FO/BR RC/FO/BR RC/FO/BR RC/FO/BR/BG
10/27/2014 HM-54 GC GC RC/FO RC/FO RC/FO/BR RC/FO/BR RC/FO/BR/BG RC/FO/BR/BG
9/2/2014 BG-1S GC GC FO/RC FO/RC/BR FO/RC/BR FO/BR/RC FO/BR/RC FO/BR/BL

KEY
NS - Not sampled

FOAM (FO) around ball - Anaerobic Bacteria

BROWN RINGS (BR), GEL (BG), and/or CLOUDS (BC) - IRB

Solution GREEN - CLOUDY (GC) - Pseudomonads
Solution RED CLOUDY (RC) - Enteric Bacteria
Solution CLOUDY (CL) - Heterotrophic Bacteria

Solution BLACK (BL) - Pseudomonads and Enterics




Table 9-3c. Sulfate-Reducing Bacteria Sample Observations

Date Sampled Well Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8
9/5/2014 CMW-2 S NO BT BB/BT BB/BT BB/BT BB/BT BB/BT BB/BT
9/5/2014 CMW-2D NO NO NO NO NO BB/BT BB/BT BB/BT
9/3/2014 CMW-4 S NO NO NO NO NO NO BB BB
9/3/2014 CMW-4 D NO NO NO NO NO NO NO NO
9/5/2014 CMW-7 S NO NO NO NO NO NO BB BB
9/5/2014 CMW-7 D NO NO NO NO NO NO BB/BT BB/BT

10/29/2014 IMW-2.5S NO BT BT/BB BT/BB BT/BB BT/BB BT/BB BT/BB
10/29/2014 IMW-2.5D NO NO NO CLOuDY BB BB BB BB
9/2/2014 IMW-3 S NO NO NO NO NO BB BB BB/BT
8/27/2014 KMW-2 S NO NO BB BB BB BB/CLOUDY BB BB
8/27/2014 KMW-2 M NO NO BB BB BB BB/CLOUDY BB/CLOUDY BB/CLOUDY
8/27/2014 KMW-2 D NO NO BB BB CcLouDyY CLOuDY BB BB
9/4/2014 KMW-8 R NO NO NO BB BB BB BB/BT BB/BT
10/29/2014 KMW-9 NO NO NO NO CLouDyY BB BB BB
9/5/2014 MW-1R NO BT BT BT BB/BT BB/BT BB/BT BB/BT
10/27/2014 MW-2 R NO BT/BB BT/BB BT/BB BB BB BB BB
10/27/2014 MW-3 RR NO NO NO NO CcLouDyY BB BB BB
MW-4 NS NS NS NS NS NS NS NS
9/3/2014 MW-5 NO NO BB BB BB BB BB/BT BB/BT
9/2/2014 MW-6 NO NO BB BB BB BB BB BB
9/2/2014 MW-10 RR NO NO BB BB BB BB BB/BT BB/BT
8/26/2014 MW-11S NO NO NO CL CL CL CL BB
8/26/2014 MW-11 M NO NO NO NO NO BB BB BB
8/28/2014 MW-12 S NO NO CL CL CL CL CL CL
8/28/2014 MW-12 M NO NO NO NO NO BB BB BB
8/26/2014 MW-13 NO NO NO NO BB BB BB BB
8/28/2014 MW-14 S NO NO NO NO NO NO NO NO
8/28/2014 MW-14 M NO NO NO NO NO NO BB BB
8/28/2014 MW-15 NO NO NO NO NO BB BB BB
8/27/2014 MW-16 S NO NO NO NO BB BB BB BB
8/26/2014 MW-16 M NO NO NO NO NO CLouDY CLouDY CLOuDY
10/28/2014 P-2 NO NO NO BB BB BB BB BB
10/28/2014 P-4 NO NO NO CLouDY CLouDY CLouDY CLouDY CLOuDY
10/28/2014 P-7R NO NO NO CLouDY CcLouDyY CLouDY CcLouDyY CLouDY
10/28/2014 P-15 AR NO BT/BB BT/BB BT/BB BT/BB BT/BB BT/BB BT/BB
9/3/2014 P-17B NO NO BB BB BB BB BB BB
9/3/2014 P-18 B NO NO BB BB BB BB BB BB/BT
9/3/2014 P-19 AR NO NO NO BB BB BB BB BB
9/8/2014 P-20B NO NO NO NO BB BB BB BB
P-21 NS NS NS NS NS NS NS NS
9/8/2014 P-22 NO NO NO BT BB/BT BB/BT BB/BT BB/BT
10/27/2014 HM-53 NO NO NO NO BT BT/BB BT/BB BB
10/27/2014 HM-54 NO NO NO BB BB BB BB BB
9/2/2014 BG-1S NO NO NO NO NO BB BB BB
KEY
NS - Not sampled
NO - Absent

BLACK only in BASE (BB) - Dense anaerobic SRB consortium

BLACK only around BALL/TOP (BT) - Aerobic SRB consortium
BLACK in BASE and around BALL - Combination of aerobic (BT) and anaerobic (BB) SRB
Solution CLOUDY - Anaerobic bacteria present




Table 9-4. Summary of Pond Water Dilution and COC Attenuation Calculations

TDS Percent Percent Attenuated
Pond Location | mg/L | Diluted* | soO, As B cd Cr Mo P Se
Pond 4A MW-4 3760 95 3 -9 5 4 5 5 3 9
Pond 4A MW-8 3900 95 3 4 4 4 5 2 6 8
Pond 4A KMW-10 3950 96 4 -12 5 4 6 10
Pond 4A CMW-1D 4064 97 1 4 3 3 4 1 7
Pond 4A CMW-1S 4526 96 1 3 4 4 5 2 8
Pond 4A KMW-14 5785 88 8 -9 12 5 7 15
Pond 4A CMW-3D 5846 92 3 4 7 8 9 6 11
Pond 4A CMW-7S 6096 97 -3 -108 2 3 4 0 5
Pond 4A CMW-2S 7810 87 6 -48 11 10 15
Pond 4A MW-9 7965 86 7 4 12 12 13 11 14 16
Pond 4A CMW-5D | 11370 81 10 13 16 19 18 16 21
Pond 4A CMW-2D | 12140 83 8 -32 15 17 18 14 20
Pond 4A CMW-3S | 17740 87 -4 -16 -5 12 13 -22 16
Pond 4A KMW-15 [ 36400 61 -2 -20 29 40 34 24 11 39
Ponds 4B & 4C | KMW-2D 2600 99 0 -7 0 2 0 0 3
Ponds 4B & 4C | KMW-2M| 2740 99 0 -8 1 2 1 0 4
Ponds 4B & 4C | KMW-2S 2800 99 0 -19 1 3 1 -4 4
Ponds 4B & 4C| MW-5 4405 96 0 -10 4 4 5 3 1 6
Ponds 4B & 4C | MW-16M| 5272 92 4 5 7 -4 17
Ponds 4B & 4C| MW-7 7150 80 16 8 18 -79 -57 25
Ponds 4B & 4C | MW-11M| 8630 85 10 9 15 15 15 13 17
Ponds 4B & 4C | MW-12M| 14660 67 18 19 31 32 32 -31 34
Ponds 4B & 4C| MW-16S | 14660 73 11 -2 21 -61 31
Ponds 4B & 4C| MW-2R 15400 69 15 -7 30 16 7 36
Ponds 4B & 4C |MW-10RR| 16000 80 6 13 18 17 -3 22 20
Ponds 4B & 4C| MW-3R 28400 47 17 41 38 -209 41 51
Ponds 4B & 4C | MW-14M| 32740 73 -16 15 22 27 25 11 29
Ponds D & E KMW-7 4080 99 -1 -1 1 -4 -5 6
Ponds D & E P-11 4640 98 -1 4 1 -1 1 5
Ponds D & E P-12 5800 98 -2 1 1 -4 5 6
Ponds D & E P-21 7560 97 -2 -2 2 -2 7
Ponds D & E P-15AR 9920 97 -4 -15 1 2 8
PondsD & E | KMW-8R | 14000 89 -1 11 8 6 6 16
Ponds D & E P-14R 20000 72 13 24 11 -29 26 29
Ponds D & E P-13R 26600 76 2 -17 13 -136 9 25
Ponds D & E P-10 29100 70 6 18 22 -1 18 32
Ponds D & E P-9R 30500 82 -2 7 6 5 13 15
Ponds D & E P-2 42700 55 12 2 36 -52 29 45
Ponds D & E P-17A 49150 64 2 2 32 29 -1 38
Ponds D & E KMW-9 55200 69 -18 28 9 22 29 31
Ponds D & E P-3 62000 56 -12 -1 14 -3 12 39
Ponds D & E P-4 62000 47 1 28 31 3 33 54

1Percentage dilution of pond water by native groundwater (based on chloride concentrations)
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Appendix A. Summary of Data Included and Excluded from Piper Plots

No. of lon Imbalance >10% TDS of Excluded Data (mg/L)
Type Samples | Number | Percent [ Average | Min | Max
Unit 1-3 Ponds 158 147 93 121,873 17,000 380,000
Unit 4 Ponds 102 90 88 155,087 3,700 620,000
Shallow Groundwater 896 343 38 41,801 810 150,000
Muddy River (UP, 1, 2, 3) 77 13 17 715 590 1,020
BG-1S (Alluvial Aquifer) 4 0 0 NA NA NA
BG-1,2,4,6 (Int./Deep) 44 7 16 1,514 1,000 1,900

NA = Not Applicable
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Appendix B. Aqueous Composition and Calculated Eh Values for Samples Shown in Figures 3-1 and 3-2

Eh Redox Iron Manganese| Sulfate Sulfide Sulfite
Category | Description | Sample | Quarter Date pH (V) Couple (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)

1 Ponds E1 & E2| POND E-1| 2003 Q2 |06/02/2003 8.96 0.23 Mn(3)/Mn(2) <.5 4.25 5200

1 Ponds E1 & E2| POND E-1| 2003 Q4 |11/21/2003 8.88 0.31 Mn(3)/Mn(2) <1.25 4.13 22000

1 Ponds E1 & E2| POND E-1| 2004 Q1 [ 03/10/2004 8.81 0.27 Mn(3)/Mn(2) <1.2 2.2 35000

1 Ponds E1 & E2| POND E-1| 2004 Q3 |09/20/2004 8.90 0.28 |Mn(3)/Mn(2)[ <.0088 43 48000

1 Ponds E1 & E2| POND E-1| 2004 Q4 |12/24/2004 9.40 0.65 0(0)/0(-2) <.2 <.1 37000

1 Ponds E1 & E2| POND E-1| 2005 Q1 |03/02/2005 8.60 0.29 Mn(3)/Mn(2) <1.6 3.4 22000

1 Ponds E1 & E2| POND E-1| 2005 Q2 | 06/07/2005 7.45 0.47 Mn(3)/Mn(2) <4 8.6 70000

1 Ponds E1 & E2| POND E-1| 2005 Q3 [09/07/2005 7.45 0.77 0(0)/0(-2) <16 <8 160000

1 Ponds E1 & E2| POND E-1| 2005 Q4 |12/06/2005 7.45 0.77 0(0)/0(-2) <20 <10 49000

1 Ponds E1 & E2| POND E-1| 2006 Q1 | 03/07/2006 9.20 0.19 Mn(3)/Mn(2) 5.6 42000

1 Ponds E1 & E2| POND E-1| 2006 Q4 | 12/13/2006 9.00 0.22 Mn(3)/Mn(2) 5.2 39000

1 Ponds E1 & E2| POND E-1| 2007 Q1 |03/07/2007 9.00 0.24 Mn(3)/Mn(2) 33 66000

1 Ponds E1 & E2| POND E-1| 2007 Q2 | 06/14/2007 9.00 0.23 Mn(3)/Mn(2) 4.4 170000

1 Ponds E1 & E2| POND E-1| 2008 Q2 | 06/05/2008 9.10 0.24 Mn(3)/Mn(2) 13 150000

1 Ponds E1 & E2| POND E-2| 2003 Q2 | 06/02/2003 8.91 0.26 Mn(3)/Mn(2) <.5 1.82 39000

1 Ponds E1 & E2| POND E-2| 2003 Q3 [09/10/2003 8.91 0.26  |Mn(3)/Mn(2) <.25 6.39 97000

1 Ponds E1 & E2| POND E-2| 2004 Q1 |03/10/2004 9.08 0.22 Mn(3)/Mn(2) <25 3.6 26000

1 Ponds E1 & E2| POND E-2| 2004 Q2 | 06/24/2004 8.95 0.26 Mn(3)/Mn(2) <1 3.7 1386

1 Ponds E1 & E2| POND E-2| 2004 Q3 [09/20/2004 8.74 0.29 Mn(3)/Mn(2)] <.0088 6.3 53000

1 Ponds E1 & E2| POND E-2| 2004 Q4 | 12/24/2004 9.00 0.68 0(0)/0(-2) <.2 <.1 38000

1 Ponds E1 & E2| POND E-2| 2005 Q1 |03/02/2005 8.40 0.37 |Mn(3)/Mn(2) <16 1.2 49000

1 Ponds E1 & E2| POND E-2| 2005 Q2 | 06/07/2005 7.45 0.49 Mn(3)/Mn(2) <4 3.8 65000

1 Ponds E1 & E2| POND E-2| 2005 Q3 |09/07/2005 7.45 0.77 0(0)/0(-2) <20 <10 170000

1 Ponds E1 & E2| POND E-2| 2005 Q4 | 12/06/2005 7.45 0.49 |Mn(3)/Mn(2) <4 43 43000

1 Ponds E1 & E2| POND E-2| 2006 Q1 |03/07/2006 9.20 0.19 |Mn(3)/Mn(2) 5.7 55000

1 Ponds E1 & E2| POND E-2| 2006 Q2 | 06/06/2006 9.00 0.23 Mn(3)/Mn(2) 7.8 150000

1 Ponds E1 & E2| POND E-2| 2006 Q4 | 12/13/2006 9.00 0.22 Mn(3)/Mn(2) 4 43000

1 Ponds E1 & E2| POND E-2| 2007 Q1 |03/07/2007 9.00 0.25 Mn(3)/Mn(2) 2.2 65000

1 Ponds E1 & E2| POND E-2| 2007 Q2 | 06/14/2007 8.90 0.24  |Mn(3)/Mn(2) 4.4 85000

2 Shallow Wells | KMW-9 | 1999 Q4 | 12/08/1999 7.28 -0.12 Fe(3)/Fe(2) 0.25 1.6 40000

2 Shallow Wells | KMW-9 | 2000 Q1 | 03/22/2000 7.29 0.54 Mn(3)/Mn(2) 1.9 37000

2 Shallow Wells [ KMW-9 | 2000 Q4 | 12/14/2000 7.28 0.55 Mn(3)/Mn(2) 1.7 43000

2 Shallow Wells | KMW-9 | 2001 Q2 | 06/11/2001 7.26 -0.09 Fe(3)/Fe(2) 0.18 1.7 42000

2 Shallow Wells| KMW-9 | 2001 Q3 | 09/06/2001 7.22 -0.09 Fe(3)/Fe(2) 0.21 2 38000

2 Shallow Wells| KMW-9 | 2001 Q4 |12/01/2001 7.22 0.56 Mn(3)/Mn(2) 1.7 39000

2 Shallow Wells | KMW-9 | 2002 Q1 | 03/05/2002 7.25 -0.09 Fe(3)/Fe(2) 0.13 14 33000

2 Shallow Wells | KMW-9 | 2002 Q2 | 06/17/2002 7.31 0.54 |Mn(3)/Mn(2) 14 32000

2 Shallow Wells| KMW-9 | 2002 Q3 [ 09/17/2002 7.27 0.53 Mn(3)/Mn(2) 13 2700

2 Shallow Wells| KMW-9 | 2002 Q4 |12/12/2002 7.27 0.55 Mn(3)/Mn(2) 1.5 33000

2 Shallow Wells | KMW-9 | 2003 Q3 | 09/05/2003 7.32 0.62 Mn(3)/Mn(2) <.1 0.0862 33000

2 Shallow Wells | KMW-9 | 2004 Q1 | 03/10/2004 7.59 0.50 |Mn(3)/Mn(2) <.5 1 35000

2 Shallow Wells | KMW-9 | 2004 Q2 | 06/17/2004 7.64 0.57 |Mn(3)/Mn(2) <.05 0.053 30000

2 Shallow Wells | KMW-9 | 2004 Q3 | 09/13/2004 7.28 0.54 |Mn(3)/Mn(2)| <.0088 1.8 32000

2 Shallow Wells | KMW-9 | 2004 Q4 |12/15/2004 7.70 0.46 |Mn(3)/Mn(2) <.2 2 33000

2 Shallow Wells | KMW-9 | 2005 Q1 | 03/02/2005 7.20 0.55 Mn(3)/Mn(2) <16 2.2 38000

2 Shallow Wells | KMW-9 | 2005 Q2 | 06/07/2005 7.40 0.52 Mn(3)/Mn(2) <2 1.8 36000

2 Shallow Wells | KMW-9 | 2005 Q4 |12/05/2005 7.70 0.47 |Mn(3)/Mn(2) <1 1.3 33000

2 Shallow Wells | KMW-9 | 2006 Q1 | 03/08/2006 7.70 0.47 |Mn(3)/Mn(2) 1.2 31000

2 Shallow Wells | KMW-9 | 2006 Q2 | 06/05/2006 7.60 0.50 |Mn(3)/Mn(2) 0.88 35000

2 Shallow Wells | KMW-9 | 2006 Q3 | 09/11/2006 7.60 0.50 |Mn(3)/Mn(2) 0.93 41000

2 Shallow Wells | KMW-9 | 2006 Q4 |12/12/2006 7.60 0.50 |Mn(3)/Mn(2) 1.1 33000

2 Shallow Wells | KMW-9 | 2007 Q3 | 09/04/2007 7.70 0.49 Mn(3)/Mn(2) 0.82 35000

2 Shallow Wells | KMW-9 | 2008 Q1 | 03/04/2008 7.40 0.52 Mn(3)/Mn(2) 1.9 31000

2 Shallow Wells | KMW-9 | 2008 Q3 | 09/09/2008 7.60 0.48 |Mn(3)/Mn(2) 1.8 36000 <.05 <2
2 Shallow Wells | KMW-9 | 2008 Q4 |12/11/2008 7.40 0.52 Mn(3)/Mn(2) 13 20000

2 Shallow Wells | KMW-9 | 2009 Q1 | 03/04/2009 7.40 0.52 Mn(3)/Mn(2) 1.9 32000 <.05 <2
2 Shallow Wells | KMW-9 | 2009 Q2 | 06/09/2009 7.40 0.52 Mn(3)/Mn(2) 2 33000 <.01 <2
2 Shallow Wells | KMW-9 | 2009 Q3 | 09/14/2009 7.40 0.52 Mn(3)/Mn(2) 1.7 34000 <.01 <2
2 Shallow Wells | KMW-9 | 2010 Q1 | 03/08/2010 7.40 0.52 Mn(3)/Mn(2) 1.7 32000 <.02 <2
2 Shallow Wells | KMW-9 | 2010 Q2 | 06/07/2010 7.30 0.53 Mn(3)/Mn(2) 2 33000 <.01 <2
2 Shallow Wells | KMW-9 | 2010 Q3 |09/20/2010 7.20 0.55 Mn(3)/Mn(2) 2.33 32900 <.5 <2
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Appendix B. Aqueous Composition and Calculated Eh Values for Samples Shown in Figures 3-1 and 3-2

Eh Redox Iron Manganese| Sulfate Sulfide Sulfite
Category | Description | Sample | Quarter Date pH (V) Couple (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
2 Shallow Wells | KMW-9 | 2010 Q4 |12/08/2010 7.30 -0.24 S(6)/5(-2) 1.9 32200 1.2 <2
2 Shallow Wells | KMW-9 | 2011 Q1 | 03/02/2011 7.60 -0.26 S(6)/5(-2) 1.15 23100 0.84 <2
2 Shallow Wells| KMW-9 | 2011 Q2 | 06/08/2011 7.40 0.52 Mn(3)/Mn(2) 1.88 42000 <.5 <2
2 Shallow Wells| KMW-9 | 2011 Q3 | 09/06/2011 7.20 0.59 Mn(3)/Mn(2) 0.37 33000 <.05 <2
2 Shallow Wells | KMW-9 | 2011 Q4 |12/05/2011 7.10 0.58 Mn(3)/Mn(2) 1 31000 <.05 <2
2 Shallow Wells | KMW-9 | 2012 Q1 |02/27/2012 7.30 0.54 Mn(3)/Mn(2) 1.6 36000 <.05 <2
2 Shallow Wells | KMW-9 | 2012 Q3 | 08/27/2012 7.18 0.56 Mn(3)/Mn(2) 1.6 31000 <.05 <2
2 Shallow Wells | KMW-9 | 2013 Q1 | 02/25/2013 7.02 0.59 Mn(3)/Mn(2) 1.7 32000 <.05 <2
2 Shallow Wells | KMW-9 | 2013 Q3 | 08/19/2013 7.59 -0.26 S(6)/5(-2) 1.6 32000 0.1 <2
2 Shallow Wells | KMW-9 | 2014 Q1 | 02/26/2014 7.37 0.53 Mn(3)/Mn(2) 13 33000 <.05 <2
2 Shallow Wells P-10 1999 Q4 | 12/08/1999 7.47 -0.21 Fe(3)/Fe(2) 2.8 3.7 13000
2 Shallow Wells P-10 2000 Q1 [03/21/2000 7.40 -0.17 Fe(3)/Fe(2) 13 3.3 12000
2 Shallow Wells P-10 2000 Q2 [ 06/20/2000 7.51 -0.18 Fe(3)/Fe(2) 0.61 2.9 12000
2 Shallow Wells P-10 2000 Q4 [12/14/2000 7.42 -0.20 Fe(3)/Fe(2) 3.6 4.3 17000
2 Shallow Wells P-10 2001 Q1 [ 03/07/2001 7.44 0.49 Mn(3)/Mn(2) 2.5 13000
2 Shallow Wells P-10 2001 Q2 [ 06/01/2001 7.27 0.52 Mn(3)/Mn(2) 2.9 12000
2 Shallow Wells P-10 2001 Q3 [09/05/2001 7.08 0.57 Mn(3)/Mn(2) 2.1 18000
2 Shallow Wells P-10 2001 Q4 [12/01/2001 7.17 -0.06 Fe(3)/Fe(2) 0.1 4.4 14000
2 Shallow Wells P-10 2002 Q1 [ 03/12/2002 7.37 0.51 Mn(3)/Mn(2) 1.9 14000
2 Shallow Wells P-10 2002 Q2 | 06/13/2002 7.60 0.47 Mn(3)/Mn(2) 2.4 13000
2 Shallow Wells P-10 2002 Q3 [09/11/2002 7.12 0.55 Mn(3)/Mn(2) 2.6 13000
2 Shallow Wells P-10 2002 Q4 [12/12/2002 7.15 0.54 Mn(3)/Mn(2) 3.5 14000
2 Shallow Wells P-10 2003 Q1 [ 03/01/2003 7.38 0.51 Mn(3)/Mn(2) 2.4 15000
2 Shallow Wells P-10 2003 Q2 [ 05/28/2003 7.46 0.50 Mn(3)/Mn(2) <.1 2.09 14000
2 Shallow Wells P-10 2003 Q3 [09/03/2003 7.38 -0.16 Fe(3)/Fe(2) 1.21 2.51 12000
2 Shallow Wells P-10 2004 Q1 [ 03/10/2004 7.38 -0.12 Fe(3)/Fe(2) 0.2 3 17000
2 Shallow Wells P-10 2004 Q2 [06/17/2004 7.45 -0.16 Fe(3)/Fe(2) 0.49 2.4 8000
2 Shallow Wells P-10 2004 Q4 [11/30/2004 7.20 0.53 Mn(3)/Mn(2) <.2 3.8 21000
2 Shallow Wells P-10 2005 Q1 | 03/02/2005 7.20 0.52 Mn(3)/Mn(2) <.8 3.3 7600
2 Shallow Wells P-10 2005 Q2 [ 06/07/2005 7.20 0.53 Mn(3)/Mn(2) <2 3 18000
2 Shallow Wells P-10 2005 Q3 [09/07/2005 7.30 0.51 Mn(3)/Mn(2) <2 4.2 24000
2 Shallow Wells P-10 2005 Q4 [12/05/2005 7.30 0.51 Mn(3)/Mn(2) <2 4.2 24000
2 Shallow Wells P-10 2006 Q1 [ 03/08/2006 7.40 0.51 Mn(3)/Mn(2) 1.8 18000
2 Shallow Wells P-10 2006 Q2 [ 06/05/2006 7.20 0.54 Mn(3)/Mn(2) 2.1 17000
2 Shallow Wells P-10 2006 Q3 [09/11/2006 7.10 0.54 Mn(3)/Mn(2) 3.9 18000
2 Shallow Wells P-10 2007 Q1 [ 03/05/2007 7.30 0.54 Mn(3)/Mn(2) 1.5 23000
2 Shallow Wells P-10 2007 Q2 [ 06/13/2007 7.40 0.53 Mn(3)/Mn(2) 0.95 19000
2 Shallow Wells P-10 2007 Q3 [ 09/04/2007 7.20 0.56 Mn(3)/Mn(2) 0.97 19000
2 Shallow Wells P-10 2008 Q1 [ 03/04/2008 7.60 0.49 Mn(3)/Mn(2) 0.88 18000
2 Shallow Wells P-10 2008 Q2 [ 06/03/2008 7.40 0.52 Mn(3)/Mn(2) 1.4 18000
2 Shallow Wells P-10 2008 Q4 [12/11/2008 7.90 0.45 Mn(3)/Mn(2) 0.75 35000
2 Shallow Wells P-10 2009 Q1 | 03/04/2009 7.30 -0.24 S(6)/5(-2) 1.4 18000 0.054 <2
2 Shallow Wells P-10 2009 Q2 | 06/09/2009 7.30 -0.24 S(6)/5(-2) 1.4 19000 0.05 <2
2 Shallow Wells P-10 2010 Q1 [03/08/2010 7.30 -0.24 S(6)/5(-2) 1.1 20000 0.16 <2
2 Shallow Wells P-10 2010 Q2 [ 06/07/2010 7.20 -0.23 S(6)/5(-2) <1 19000 1.3 <2
2 Shallow Wells P-10 2010 Q3 [09/14/2010 7.20 -0.23 S(6)/5(-2) 0.414 22500 <.5 5
2 Shallow Wells P-10 2010 Q4 [12/08/2010 7.40 0.52 Mn(3)/Mn(2) 1.32 16000 <.5 <2
2 Shallow Wells P-10 2011 Q1 [03/02/2011 7.40 -0.24 S(6)/5(-2) 1.5 19700 0.84 <2
2 Shallow Wells P-10 2011 Q2 [ 06/08/2011 7.30 0.53 Mn(3)/Mn(2) 1.7 22400 <.5 <2
2 Shallow Wells P-10 2011 Q3 [09/07/2011 7.10 0.58 Mn(3)/Mn(2) 0.88 14000 <.05 <2
2 Shallow Wells P-10 2011 Q4 [12/05/2011 7.00 0.60 Mn(3)/Mn(2) 1 18000 <.05 <2
2 Shallow Wells P-10 2012 Q1 [ 02/27/2012 7.40 0.52 Mn(3)/Mn(2) 1.1 17000 <.05 <2
2 Shallow Wells P-10 2012 Q3 [ 08/27/2012 7.28 0.54 Mn(3)/Mn(2) 1.2 15000 <.05 <2
2 Shallow Wells P-10 2013 Q1 [ 02/25/2013 7.18 -0.23 S(6)/5(-2) 0.72 14000 0.052 <2
2 Shallow Wells P-10 2013 Q3 [ 08/19/2013 7.46 0.51 Mn(3)/Mn(2) 1 14000 <.05 <2
2 Shallow Wells P-10 2014 Q1 [02/25/2014 7.18 0.60 Mn(3)/Mn(2) 0.2 13000 <.05 <2
2 Shallow Wells P-11 2001 Q1 [ 03/07/2001 7.57 0.57 Mn(3)/Mn(2) 0.028 3300
2 Shallow Wells P-11 2002 Q1 [ 03/12/2002 7.48 -0.17 Fe(3)/Fe(2) 0.26 0.041 2400
2 Shallow Wells P-11 2003 Q2 [ 05/29/2003 7.56 0.57 Mn(3)/Mn(2) <.1 0.0323 2700
2 Shallow Wells P-11 2003 Q4 [11/17/2003 7.77 0.75 0(0)/0(-2) <.15 <.0075 2800
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Appendix B. Aqueous Composition and Calculated Eh Values for Samples Shown in Figures 3-1 and 3-2

Eh Redox Iron Manganese| Sulfate Sulfide Sulfite
Category | Description | Sample | Quarter Date pH (V) Couple (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)

2 Shallow Wells P-11 2004 Q1 [ 03/10/2004 7.53 0.76 0(0)/0(-2) <.1 <.005 3100
2 Shallow Wells P-11 2004 Q2 [ 06/17/2004 7.48 0.77 0(0)/0(-2) <.15 <.0075 1317
2 Shallow Wells P-11 2004 Q3 [09/15/2004 7.39 0.77 0(0)/0(-2) <.0088 <.0032 2500
2 Shallow Wells P-11 2004 Q4 [12/22/2004 7.40 0.77 0(0)/0(-2) <.2 <.1 2500
2 Shallow Wells P-11 2005 Q1 | 03/02/2005 7.30 0.78 0(0)/0(-2) <.8 <.4 2500
2 Shallow Wells P-11 2005 Q2 | 06/07/2005 7.30 0.78 0(0)/0(-2) <2 <1 2800
2 Shallow Wells P-11 2005 Q3 [09/07/2005 7.50 0.77 0(0)/0(-2) <2 <.5 2700
2 Shallow Wells P-11 2005 Q4 [12/05/2005 7.50 0.77 0(0)/0(-2) <2 <1 2700
2 Shallow Wells P-12 1999 Q4 | 12/07/1999 7.53 0.59 Mn(3)/Mn(2) 0.018 4000
2 Shallow Wells P-12 2000 Q1 [03/23/2000 7.53 0.59 Mn(3)/Mn(2) 0.016 3600
2 Shallow Wells P-12 2000 Q2 [06/21/2000 7.94 0.50 Mn(3)/Mn(2) 0.031 3400
2 Shallow Wells P-12 2000 Q3 [09/07/2000 7.50 -0.14 Fe(3)/Fe(2) 0.086 0.014 3800
2 Shallow Wells P-12 2001 Q1 [ 03/07/2001 7.54 0.56 Mn(3)/Mn(2) 0.064 4500
2 Shallow Wells P-12 2001 Q2 [ 06/01/2001 7.52 0.61 Mn(3)/Mn(2) 0.0077 3400
2 Shallow Wells P-12 2001 Q3 [ 09/06/2001 7.52 0.60 Mn(3)/Mn(2) 0.018 4300
2 Shallow Wells P-12 2001 Q4 [12/01/2001 7.46 -0.11 Fe(3)/Fe(2) 0.026 0.012 3900
2 Shallow Wells P-12 2002 Q1 [ 03/12/2002 7.49 0.61 Mn(3)/Mn(2) 0.011 3600
2 Shallow Wells P-12 2002 Q2 [ 06/13/2002 7.56 0.60 Mn(3)/Mn(2) 0.011 3400
2 Shallow Wells P-12 2003 Q1 [ 03/01/2003 7.58 0.58 Mn(3)/Mn(2) 0.023 3600
2 Shallow Wells P-12 2003 Q3 [ 09/03/2003 7.51 0.62 Mn(3)/Mn(2) <.05 0.00597 3800
2 Shallow Wells P-12 2003 Q4 [11/17/2003 7.91 0.74 0(0)/0(-2) <.5 <.025 4300
2 Shallow Wells P-12 2004 Q1 [ 03/10/2004 7.70 0.75 0(0)/0(-2) <.25 <.012 6100
2 Shallow Wells P-12 2004 Q2 [06/17/2004 7.55 0.57 Mn(3)/Mn(2) <.25 0.022 469

2 Shallow Wells P-12 2004 Q3 [09/15/2004 7.55 0.76 0(0)/0(-2) <.0088 <.0032 3800
2 Shallow Wells P-12 2004 Q4 [12/22/2004 7.70 0.75 0(0)/0(-2) <.2 <.1 3800
2 Shallow Wells P-12 2005 Q1 |03/02/2005 7.50 0.77 0(0)/0(-2) <.8 <.4 3700
2 Shallow Wells P-12 2005 Q2 | 06/09/2005 7.90 0.74 0(0)/0(-2) <2 <1 3600
2 Shallow Wells P-12 2005 Q3 [09/07/2005 7.70 0.75 0(0)/0(-2) <2 <.5 3700
2 Shallow Wells P-12 2005 Q4 [12/05/2005 7.70 0.75 0(0)/0(-2) <2 <1 3700
2 Shallow Wells P-12 2007 Q3 [09/05/2007 7.70 0.50 Mn(3)/Mn(2) 0.17 3100
2 Shallow Wells P-12 2007 Q4 [12/03/2007 7.80 0.47 Mn(3)/Mn(2) 0.31 2700
2 Shallow Wells P-12 2008 Q1 [ 03/05/2008 7.90 0.44 Mn(3)/Mn(2) 0.53 2900
2 Shallow Wells P-12 2008 Q2 [ 06/04/2008 7.80 0.44 Mn(3)/Mn(2) 1.2 3400
2 Shallow Wells P-12 2008 Q3 [09/09/2008 7.60 0.50 Mn(3)/Mn(2) 0.36 3000
2 Shallow Wells P-12 2008 Q4 [12/12/2008 7.80 0.44 Mn(3)/Mn(2) 0.96 3500
2 Shallow Wells P-12 2009 Q1 | 03/04/2009 7.90 0.43 Mn(3)/Mn(2) 0.83 3200
2 Shallow Wells P-12 2009 Q2 | 06/10/2009 7.80 0.47 Mn(3)/Mn(2) 0.35 3300
2 Shallow Wells P-12 2009 Q3 [09/16/2009 7.60 0.50 Mn(3)/Mn(2) 0.44 3400
2 Shallow Wells P-12 2009 Q4 [12/11/2009 7.70 0.48 Mn(3)/Mn(2) 0.35 3600
2 Shallow Wells P-12 2010 Q1 [03/10/2010 7.80 0.44 Mn(3)/Mn(2) 0.84 3300
2 Shallow Wells P-12 2010 Q2 [ 06/08/2010 7.70 0.46 Mn(3)/Mn(2) 0.8 3400
2 Shallow Wells P-12 2010 Q3 [09/20/2010 7.80 0.44 Mn(3)/Mn(2) 0.851 3110
2 Shallow Wells P-12 2010 Q4 [12/08/2010 7.80 0.47 Mn(3)/Mn(2) 0.355 3730
2 Shallow Wells P-12 2011 Q1 [03/03/2011 7.80 0.46 Mn(3)/Mn(2) 0.406 3480
2 Shallow Wells P-12 2011 Q2 [ 06/13/2011 7.70 0.52 Mn(3)/Mn(2) 0.0662 2920
2 Shallow Wells P-12 2012 Q3 [ 08/28/2012 7.64 0.59 Mn(3)/Mn(2) 0.0081 3300
2 Shallow Wells P-12 2013 Q1 [02/25/2013 7.35 0.65 Mn(3)/Mn(2) 0.0063 3100
2 Shallow Wells P-12 2013 Q3 [ 08/19/2013 7.85 0.56 Mn(3)/Mn(2) 0.0071 3500
2 Shallow Wells P-12 2014 Q1 [02/26/2014 7.67 0.59 Mn(3)/Mn(2) 0.0084 3600
2 Shallow Wells P-13 1999 Q4 | 12/01/1999 7.48 0.54 Mn(3)/Mn(2) 0.2 8100
2 Shallow Wells P-13 2000 Q1 [ 03/20/2000 7.67 -0.23 Fe(3)/Fe(2) 1.1 7.5 13000
2 Shallow Wells P-13 2000 Q2 [ 06/22/2000 7.28 -0.18 Fe(3)/Fe(2) 1.4 7.8 3100
2 Shallow Wells P-13 2001 Q4 [12/01/2001 7.47 -0.16 Fe(3)/Fe(2) 0.38 6.3 14000
2 Shallow Wells P-13 2002 Q1 [ 03/12/2002 7.53 -0.19 Fe(3)/Fe(2) 0.56 6.9 12000
2 Shallow Wells P-13 2002 Q2 [ 06/13/2002 7.74 -0.23 Fe(3)/Fe(2) 0.67 6.9 13000
2 Shallow Wells P-13 2002 Q3 [09/11/2002 7.50 0.46 Mn(3)/Mn(2) 7 12000
2 Shallow Wells P-13 2002 Q4 [12/12/2002 7.51 -0.17 Fe(3)/Fe(2) 0.55 8.1 15000
2 Shallow Wells P-13 2003 Q2 [ 05/28/2003 7.64 -0.22 Fe(3)/Fe(2) 0.879 7.65 13000
2 Shallow Wells P-13 2003 Q3 [ 09/03/2003 7.55 -0.20 Fe(3)/Fe(2) 0.726 5.41 11000
2 Shallow Wells P-13 2003 Q4 [11/17/2003 7.65 -0.22 Fe(3)/Fe(2) 0.914 6.52 13000
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Appendix B. Aqueous Composition and Calculated Eh Values for Samples Shown in Figures 3-1 and 3-2

Eh Redox Iron Manganese| Sulfate Sulfide Sulfite
Category | Description | Sample | Quarter Date pH (V) Couple (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
2 Shallow Wells P-13 2004 Q1 [ 03/10/2004 7.60 -0.21 Fe(3)/Fe(2) 1 7.2 14000
2 Shallow Wells P-13 2004 Q2 [06/17/2004 7.70 -0.23 Fe(3)/Fe(2) 1.1 7.6 11000
2 Shallow Wells P-13 2004 Q4 [12/22/2004 7.70 0.42 Mn(3)/Mn(2) <.2 7.9 13000
2 Shallow Wells P-13 2005 Q1 [ 03/02/2005 7.50 -0.20 Fe(3)/Fe(2) 1.2 7.4 12000
2 Shallow Wells P-13 2005 Q2 | 06/09/2005 7.80 0.40 Mn(3)/Mn(2) <2 7.2 13000
2 Shallow Wells P-13 2005 Q3 [09/07/2005 7.70 0.42 Mn(3)/Mn(2) <2 7.6 13000
2 Shallow Wells P-13 2005 Q4 [12/05/2005 7.70 0.42 Mn(3)/Mn(2) <2 7.6 13000
2 Shallow Wells P-13 2006 Q1 [ 03/08/2006 7.80 0.41 Mn(3)/Mn(2) 5.8 13000
2 Shallow Wells P-13 2006 Q2 [ 06/07/2006 7.60 0.43 Mn(3)/Mn(2) 7.6 9700
2 Shallow Wells P-13 2006 Q3 [09/11/2006 7.30 0.49 Mn(3)/Mn(2) 7.3 11000
2 Shallow Wells P-13 2006 Q4 [12/12/2006 8.00 0.38 Mn(3)/Mn(2) 4.7 17000
2 Shallow Wells| P-13R 2007 Q3 [09/05/2007 7.30 0.51 Mn(3)/Mn(2) 3.9 27000
2 Shallow Wells| P-13R 2007 Q4 [12/03/2007 7.40 0.49 Mn(3)/Mn(2) 4.2 22000
2 Shallow Wells| P-13R 2008 Q1 [ 03/05/2008 7.50 0.48 Mn(3)/Mn(2) 3 14000
2 Shallow Wells| P-13R 2008 Q2 [ 06/04/2008 7.50 0.48 Mn(3)/Mn(2) 2.6 16000
2 Shallow Wells| P-13R 2008 Q3 [09/09/2008 7.50 0.48 Mn(3)/Mn(2) 3.9 24000
2 Shallow Wells| P-13R 2008 Q4 [12/12/2008 7.50 0.47 Mn(3)/Mn(2) 4.3 23000
2 Shallow Wells| P-13R 2009 Q1 [ 03/04/2009 7.50 0.47 Mn(3)/Mn(2) 3.8 19000
2 Shallow Wells| P-13R 2009 Q2 | 06/10/2009 7.50 0.48 Mn(3)/Mn(2) 3.5 17000
2 Shallow Wells| P-13R 2009 Q3 [09/16/2009 7.40 0.51 Mn(3)/Mn(2) 1.9 11000
2 Shallow Wells| P-13R 2009 Q4 [12/11/2009 7.50 0.48 Mn(3)/Mn(2) 2.8 17000
2 Shallow Wells| P-13R 2010 Q1 [03/10/2010 7.40 0.49 Mn(3)/Mn(2) 3.8 18000
2 Shallow Wells| P-13R 2010 Q2 [ 06/08/2010 7.40 0.48 Mn(3)/Mn(2) 5.5 21000
2 Shallow Wells| P-13R 2010 Q3 [09/20/2010 7.20 0.54 Mn(3)/Mn(2) 2.43 12200
2 Shallow Wells| P-13R 2010 Q4 [12/08/2010 7.70 0.44 Mn(3)/Mn(2) 4.13 20300
2 Shallow Wells| P-13R 2011 Q1 [ 03/02/2011 7.10 0.54 Mn(3)/Mn(2) 5.57 19700
2 Shallow Wells| P-13R 2011 Q2 [ 06/08/2011 7.30 0.52 Mn(3)/Mn(2) 3.28 24400
2 Shallow Wells| P-13R 2011 Q3 [09/07/2011 7.80 0.43 Mn(3)/Mn(2) 3 16000
2 Shallow Wells| P-13R 2011 Q4 [12/07/2011 7.30 0.52 Mn(3)/Mn(2) 2.8 22000
2 Shallow Wells| P-13R 2012 Q1 [02/27/2012 7.50 0.47 Mn(3)/Mn(2) 4.2 24000
2 Shallow Wells| P-13R 2012 Q3 [ 08/28/2012 7.91 0.41 Mn(3)/Mn(2) 2.4 15000
2 Shallow Wells| P-13R 2013 Q1 [ 02/25/2013 7.19 0.53 Mn(3)/Mn(2) 3.5 21000
2 Shallow Wells| P-13R 2013 Q3 [ 08/19/2013 8.12 0.37 Mn(3)/Mn(2) 2.9 15000
2 Shallow Wells| P-13R 2014 Q1 [02/26/2014 7.66 0.45 Mn(3)/Mn(2) 3.3 17000
2 Shallow Wells P-14 1999 Q4 | 12/01/1999 7.24 -0.09 Fe(3)/Fe(2) 0.16 0.78 13000
2 Shallow Wells P-14 2000 Q1 [03/20/2000 9.04 -0.38 Fe(3)/Fe(2) 0.081 0.029 8200
2 Shallow Wells P-14 2000 Q2 [ 06/22/2000 9.14 -0.40 Fe(3)/Fe(2) 0.077 0.024 8200
2 Shallow Wells P-14 2000 Q3 [09/07/2000 9.09 0.35 Mn(3)/Mn(2) 0.016 3900
2 Shallow Wells P-14 2001 Q1 [ 03/08/2001 9.13 0.32 Mn(3)/Mn(2) 0.041 8400
2 Shallow Wells P-14 2001 Q2 [ 06/01/2001 9.14 0.33 Mn(3)/Mn(2) 0.021 1100
2 Shallow Wells P-14 2001 Q4 [12/01/2001 9.11 0.36 Mn(3)/Mn(2) 0.013 8800
2 Shallow Wells P-14 2002 Q1 [ 03/12/2002 9.08 0.34 Mn(3)/Mn(2) 0.023 8600
2 Shallow Wells P-14 2002 Q2 [ 06/13/2002 9.07 0.34 Mn(3)/Mn(2) 0.015 8000
2 Shallow Wells| P-14R 2004 Q1 [ 03/10/2004 8.64 0.39 Mn(3)/Mn(2) <.5 0.042 11000
2 Shallow Wells| P-14R 2004 Q2 [ 06/17/2004 8.60 0.40 Mn(3)/Mn(2) <.25 0.03 9800
2 Shallow Wells| P-14R 2004 Q4 [12/22/2004 8.40 0.71 0(0)/0(-2) <.2 <.1 11000
2 Shallow Wells| P-14R 2005 Q1 [ 03/02/2005 8.00 0.74 0(0)/0(-2) <2 <1 13000
2 Shallow Wells| P-14R 2005 Q3 [09/07/2005 8.30 0.72 0(0)/0(-2) <2 <.5 11000
2 Shallow Wells| P-14R 2005 Q4 [12/05/2005 7.00 0.24 0(0)/0(-2) <2 <1 11000
2 Shallow Wells| P-14R 2007 Q4 [12/03/2007 8.20 0.43 Mn(3)/Mn(2) 0.13 9400
2 Shallow Wells| P-14R 2008 Q1 [ 03/05/2008 8.40 0.39 Mn(3)/Mn(2) 0.17 10000
2 Shallow Wells| P-14R 2010 Q3 [09/20/2010 8.30 0.46 Mn(3)/Mn(2) 0.0251 10500
2 Shallow Wells| P-14R 2010 Q4 [12/08/2010 8.40 0.42 Mn(3)/Mn(2) 0.0454 7840
2 Shallow Wells| P-14R 2011 Q1 [03/02/2011 8.20 0.40 Mn(3)/Mn(2) 0.543 9210
2 Shallow Wells| P-14R 2011 Q2 [ 06/08/2011 7.80 0.54 Mn(3)/Mn(2) 0.034 12400
2 Shallow Wells| P-14R 2011 Q4 [12/07/2011 7.70 0.57 Mn(3)/Mn(2) 0.022 12000
2 Shallow Wells| P-14R 2012 Q1 [ 02/28/2012 8.00 0.54 Mn(3)/Mn(2) 0.011 12000
2 Shallow Wells| P-14R 2012 Q3 [ 08/27/2012 7.76 0.57 Mn(3)/Mn(2) 0.015 11000
2 Shallow Wells| P-14R 2013 Q3 [ 08/19/2013 7.84 0.55 Mn(3)/Mn(2) 0.016 12000
2 Shallow Wells| P-14R 2014 Q1 [02/26/2014 8.28 0.47 Mn(3)/Mn(2) 0.019 12000
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Appendix B. Aqueous Composition and Calculated Eh Values for Samples Shown in Figures 3-1 and 3-2

Eh Redox Iron Manganese| Sulfate Sulfide Sulfite
Category | Description | Sample | Quarter Date pH (V) Couple (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)

2 Shallow Wells | P-15A 1999 Q4 | 12/01/1999 7.33 -0.14 Fe(3)/Fe(2) 0.28 0.6 1900
2 Shallow Wells | P-15A 2000 Q1 [ 03/14/2000 7.45 -0.18 Fe(3)/Fe(2) 0.18 0.13

2 Shallow Wells| P-15A 2000 Q2 [ 06/22/2000 7.43 -0.18 Fe(3)/Fe(2) 0.68 0.15 730
2 Shallow Wells | P-15A 2000 Q3 [09/07/2000 7.37 -0.15 Fe(3)/Fe(2) 0.36 0.1 500
2 Shallow Wells | P-15A 2000 Q4 [12/14/2000 7.50 0.54 Mn(3)/Mn(2) 0.091 300
2 Shallow Wells | P-15A 2001 Q1 [ 03/09/2001 7.42 0.55 Mn(3)/Mn(2) 0.11 710
2 Shallow Wells | P-15A 2001 Q2 [ 06/01/2001 7.46 -0.18 Fe(3)/Fe(2) 0.8 0.15 7500
2 Shallow Wells| P-15A 2001 Q3 [ 09/06/2001 7.44 -0.17 Fe(3)/Fe(2) 0.41 0.11 450
2 Shallow Wells| P-15A 2001 Q4 [12/01/2001 7.45 -0.14 Fe(3)/Fe(2) 0.12 0.075 330
2 Shallow Wells| P-15A 2002 Q1 [ 03/12/2002 7.50 -0.17 Fe(3)/Fe(2) 0.22 0.08 330
2 Shallow Wells | P-15A 2002 Q3 [09/11/2002 7.57 0.55 Mn(3)/Mn(2) 0.031 330
2 Shallow Wells| P-15A 2002 Q4 [12/12/2002 7.51 0.54 Mn(3)/Mn(2) 0.068 290
2 Shallow Wells | P-15A 2003 Q1 [ 03/01/2003 7.46 0.54 Mn(3)/Mn(2) 0.12 520
2 Shallow Wells | P-15A 2003 Q2 [ 05/28/2003 7.73 0.48 Mn(3)/Mn(2) <.1 0.224 710
2 Shallow Wells | P-15A 2003 Q3 [09/03/2003 7.65 0.52 Mn(3)/Mn(2) <.1 0.0862 320
2 Shallow Wells | P-15A 2003 Q4 [11/17/2003 8.06 -0.26 Fe(3)/Fe(2) 0.169 0.0947 510
2 Shallow Wells | P-15A 2004 Q1 [ 03/10/2004 7.64 -0.16 Fe(3)/Fe(2) 0.077 0.16 680
2 Shallow Wells | P-15A 2004 Q2 [06/17/2004 7.40 0.55 Mn(3)/Mn(2) <.1 0.19 1900
2 Shallow Wells | P-15A 2004 Q3 [09/14/2004 7.40 -0.18 Fe(3)/Fe(2) 0.65 0.14 450
2 Shallow Wells| P-15A 2004 Q4 [11/30/2004 7.50 0.77 0(0)/0(-2) <.2 <.1 500
2 Shallow Wells| P-15A 2005 Q1 | 03/02/2005 7.30 0.78 0(0)/0(-2) <2 <1 2500
2 Shallow Wells| P-15A 2005 Q3 [ 09/06/2005 7.40 0.77 0(0)/0(-2) <1 <.5 1500
2 Shallow Wells| P-15A 2005 Q4 [12/05/2005 7.40 0.77 0(0)/0(-2) <1 <.5 1500
2 Shallow Wells | P-15AR | 2007 Q3 | 09/10/2007 7.00 0.62 Mn(3)/Mn(2) 0.26 6100
2 Shallow Wells | P-15AR | 2007 Q4 |12/03/2007 7.00 0.63 Mn(3)/Mn(2) 0.21 6700
2 Shallow Wells | P-15AR | 2008 Q1 | 03/05/2008 7.00 0.63 Mn(3)/Mn(2) 0.22 6700
2 Shallow Wells | P-15AR | 2008 Q2 | 06/03/2008 7.20 0.59 Mn(3)/Mn(2) 0.21 6000
2 Shallow Wells | P-15AR | 2008 Q3 | 09/09/2008 7.20 0.60 Mn(3)/Mn(2) 0.2 7400
2 Shallow Wells | P-15AR | 2008 Q4 |12/10/2008 7.20 0.59 Mn(3)/Mn(2) 0.19 5800
2 Shallow Wells | P-15AR | 2009 Q1 | 03/04/2009 7.10 0.61 Mn(3)/Mn(2) 0.19 5200
2 Shallow Wells | P-15AR | 2010 Q3 [ 09/17/2010 7.00 0.64 Mn(3)/Mn(2) 0.142 5110
2 Shallow Wells | P-15AR | 2010 Q4 |12/13/2010 7.00 0.64 Mn(3)/Mn(2) 0.147 5160
2 Shallow Wells | P-15AR | 2011 Q1 |03/07/2011 7.00 0.64 Mn(3)/Mn(2) 0.111 6100
2 Shallow Wells | P-15AR | 2011 Q2 | 06/09/2011 7.10 0.61 Mn(3)/Mn(2) 0.206 6600
2 Shallow Wells | P-15AR | 2011 Q3 | 09/07/2011 7.10 0.62 Mn(3)/Mn(2) 0.15 5800
2 Shallow Wells | P-15AR | 2011 Q4 |12/06/2011 7.00 0.63 Mn(3)/Mn(2) 0.19 5500
2 Shallow Wells | P-15AR | 2012 Q1 |02/24/2012 7.20 0.60 Mn(3)/Mn(2) 0.13 5900
2 Shallow Wells | P-15AR | 2012 Q3 | 08/27/2012 7.02 0.63 Mn(3)/Mn(2) 0.14 5400
2 Shallow Wells | P-15AR | 2013 Q1 | 02/26/2013 7.02 0.63 Mn(3)/Mn(2) 0.14 4600
2 Shallow Wells | P-15AR | 2013 Q3 | 08/19/2013 7.44 0.57 Mn(3)/Mn(2) 0.1 4700
2 Shallow Wells | P-15AR | 2014 Q1 | 02/26/2014 7.54 0.55 Mn(3)/Mn(2) 0.1 4700
2 Shallow Wells| P-17A 1999 Q4 | 12/09/1999 6.90 -0.10 Fe(3)/Fe(2) 3.2 0.99 22000
2 Shallow Wells| P-17A 2000 Q1 [03/13/2000 6.99 -0.11 Fe(3)/Fe(2) 1.7 0.92 14000
2 Shallow Wells| P-17A 2000 Q2 [ 06/21/2000 7.81 -0.25 Fe(3)/Fe(2) 2.9 0.82 23000
2 Shallow Wells | P-17A 2000 Q3 [09/07/2000 6.86 -0.11 Fe(3)/Fe(2) 5.1 1.1 24000
2 Shallow Wells| P-17A 2000 Q4 [12/13/2000 7.01 -0.14 Fe(3)/Fe(2) 7.1 1.2 22000
2 Shallow Wells| P-17A 2001 Q1 [ 03/09/2001 6.98 -0.12 Fe(3)/Fe(2) 3.8 1 24000
2 Shallow Wells| P-17A 2001 Q2 [ 06/01/2001 6.89 -0.04 Fe(3)/Fe(2) 0.24 0.91 12000
2 Shallow Wells| P-17A 2001 Q4 [12/01/2001 6.94 -0.08 Fe(3)/Fe(2) 1.4 1.4 31000
2 Shallow Wells| P-17A 2002 Q1 [ 03/12/2002 7.17 -0.15 Fe(3)/Fe(2) 2.7 0.91 22000
2 Shallow Wells| P-17A 2002 Q3 [09/11/2002 6.95 0.60 Mn(3)/Mn(2) 1 20000
2 Shallow Wells| P-17A 2002 Q4 [12/12/2002 7.10 -0.09 Fe(3)/Fe(2) 0.53 1 28000
2 Shallow Wells| P-17A 2003 Q1 [ 03/01/2003 6.92 -0.10 Fe(3)/Fe(2) 2.2 0.95 17000
2 Shallow Wells| P-17A 2003 Q2 | 06/02/2003 7.44 -0.12 Fe(3)/Fe(2) 0.122 0.823 15000
2 Shallow Wells| P-17A 2003 Q3 [ 09/03/2003 7.13 -0.04 Fe(3)/Fe(2) 0.0533 0.99 29000
2 Shallow Wells| P-17A 2003 Q4 [11/17/2003 7.56 -0.22 Fe(3)/Fe(2) 3.96 1.61 31000
2 Shallow Wells| P-17A 2004 Q1 [ 03/10/2004 7.31 0.53 Mn(3)/Mn(2) <.5 1.3 12000
2 Shallow Wells| P-17A 2004 Q2 [ 06/17/2004 7.26 -0.15 Fe(3)/Fe(2) 1.2 0.96 16000
2 Shallow Wells| P-17A 2004 Q4 [12/22/2004 7.20 0.56 Mn(3)/Mn(2) <.2 1 23000
2 Shallow Wells| P-17A 2005 Q1 [03/02/2005 7.40 0.77 0(0)/0(-2) <.8 <.4 13000
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Appendix B. Aqueous Composition and Calculated Eh Values for Samples Shown in Figures 3-1 and 3-2

Eh Redox Iron Manganese| Sulfate Sulfide Sulfite
Category | Description | Sample | Quarter Date pH (V) Couple (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
2 Shallow Wells | P-17A 2005 Q3 [09/08/2005 7.00 0.61 Mn(3)/Mn(2) <1 0.7 20000
2 Shallow Wells| P-17A 2005 Q4 [12/06/2005 7.00 0.61 Mn(3)/Mn(2) <1 0.7 20000
2 Shallow Wells| P-17A 2006 Q2 [ 06/06/2006 7.10 0.60 Mn(3)/Mn(2) 0.52 27000
2 Shallow Wells| P-17A 2007 Q1 [ 03/06/2007 7.20 0.58 Mn(3)/Mn(2) 0.59 29000
2 Shallow Wells | P-17A 2007 Q2 [ 06/15/2007 7.40 0.55 Mn(3)/Mn(2) 0.52 32000
2 Shallow Wells | P-17A 2007 Q4 [12/04/2007 6.90 0.62 Mn(3)/Mn(2) 0.82 28000
2 Shallow Wells| P-17A 2008 Q1 [ 03/05/2008 7.10 0.59 Mn(3)/Mn(2) 0.79 28000
2 Shallow Wells| P-17A 2008 Q2 [ 06/04/2008 7.30 0.55 Mn(3)/Mn(2) 0.8 34000
2 Shallow Wells| P-17A 2008 Q3 [09/10/2008 7.20 0.57 Mn(3)/Mn(2) 0.84 31000
2 Shallow Wells| P-17A 2008 Q4 [12/11/2008 7.20 0.57 Mn(3)/Mn(2) 1 39000
2 Shallow Wells| P-17A 2009 Q3 [09/15/2009 6.90 0.62 Mn(3)/Mn(2) 0.91 32000
2 Shallow Wells | P-17A 2010 Q3 [09/20/2010 7.30 0.56 Mn(3)/Mn(2) 0.637 39400
2 Shallow Wells| P-17A 2010 Q4 [12/10/2010 7.40 0.57 Mn(3)/Mn(2) 0.236 46200
2 Shallow Wells| P-17A 2011 Q1 [ 03/02/2011 7.20 0.56 Mn(3)/Mn(2) 1.66 35500
2 Shallow Wells | P-17A 2011 Q2 [ 06/07/2011 7.00 0.61 Mn(3)/Mn(2) 0.977 40500
2 Shallow Wells | P-17A 2011 Q3 [09/08/2011 7.00 0.60 Mn(3)/Mn(2) 0.8 20000
2 Shallow Wells| P-17A 2011 Q4 [12/06/2011 7.00 0.61 Mn(3)/Mn(2) 0.8 43000
2 Shallow Wells| P-17A 2012 Q1 [ 02/24/2012 7.30 0.59 Mn(3)/Mn(2) 0.27 41000
2 Shallow Wells| P-17A 2012 Q3 [ 08/27/2012 6.90 0.62 Mn(3)/Mn(2) 0.98 39000
2 Shallow Wells| P-17A 2013 Q1 [ 02/25/2013 7.14 0.58 Mn(3)/Mn(2) 0.83 38000
2 Shallow Wells| P-17A 2013 Q3 [ 08/19/2013 7.40 0.53 Mn(3)/Mn(2) 1 31000
2 Shallow Wells| P-17A 2014 Q1 [02/25/2014 7.55 0.52 Mn(3)/Mn(2) 0.55 47000
2 Shallow Wells| P-17B 2001 Q2 [ 06/01/2001 7.58 -0.13 Fe(3)/Fe(2) 0.14 0.31 48000
2 Shallow Wells| P-17B 2001 Q4 [12/01/2001 6.94 -0.09 Fe(3)/Fe(2) 1.7 2 40000
2 Shallow Wells| P-17B 2002 Q1 [ 03/12/2002 7.04 -0.12 Fe(3)/Fe(2) 2.9 1.7 39000
2 Shallow Wells| P-17B 2002 Q2 [ 06/13/2002 7.09 -0.15 Fe(3)/Fe(2) 5.6 1.4 36000
2 Shallow Wells| P-17B 2002 Q3 [09/11/2002 6.99 0.59 Mn(3)/Mn(2) 1.6 34000
2 Shallow Wells| P-17B 2002 Q4 [12/12/2002 7.13 -0.10 Fe(3)/Fe(2) 0.79 1.5 39000
2 Shallow Wells| P-17B 2003 Q4 [11/17/2003 7.46 -0.16 Fe(3)/Fe(2) 0.625 1.52 45000
2 Shallow Wells| P-17B 2004 Q1 [ 03/10/2004 7.58 0.55 Mn(3)/Mn(2) <.5 0.15 45000
2 Shallow Wells| P-17B 2004 Q3 [09/17/2004 6.93 0.61 Mn(3)/Mn(2)] <.0088 1.4 41000
2 Shallow Wells| P-17B 2005 Q3 [09/08/2005 7.50 0.77 0(0)/0(-2) <1 <.5 10000
2 Shallow Wells| P-17B 2005 Q4 [ 12/06/2005 7.50 0.77 0(0)/0(-2) <1 <.5 10000
2 Shallow Wells| P-17B 2006 Q2 | 06/06/2006 7.10 0.58 Mn(3)/Mn(2) 1.3 42000
2 Shallow Wells| P-17B 2006 Q3 [09/12/2006 7.10 0.57 Mn(3)/Mn(2) 1.8 45000
2 Shallow Wells| P-17B 2006 Q4 [12/12/2006 7.50 0.50 Mn(3)/Mn(2) 1.7 40000
2 Shallow Wells| P-17B 2007 Q1 [ 03/06/2007 7.10 0.58 Mn(3)/Mn(2) 1.4 47000
2 Shallow Wells| P-17B 2007 Q2 [ 06/15/2007 7.40 0.53 Mn(3)/Mn(2) 1.4 47000
2 Shallow Wells| P-17B 2007 Q3 [09/06/2007 7.00 0.60 Mn(3)/Mn(2) 1.4 41000
2 Shallow Wells| P-17B 2007 Q4 [12/04/2007 7.40 0.53 Mn(3)/Mn(2) 1.1 42000
2 Shallow Wells| P-17B 2008 Q1 [ 03/05/2008 7.20 0.57 Mn(3)/Mn(2) 1.1 42000
2 Shallow Wells| P-17B 2008 Q2 [ 06/04/2008 7.30 0.54 Mn(3)/Mn(2) 1.4 46000
2 Shallow Wells| P-17B 2008 Q3 [09/10/2008 7.30 0.55 Mn(3)/Mn(2) 1.2 48000
2 Shallow Wells| P-17B 2008 Q4 [12/11/2008 7.40 0.53 Mn(3)/Mn(2) 1.4 51000
2 Shallow Wells| P-17B 2009 Q1 [ 03/04/2009 7.30 0.54 Mn(3)/Mn(2) 1.8 48000
2 Shallow Wells| P-17B 2009 Q2 | 06/10/2009 7.10 0.58 Mn(3)/Mn(2) 1.5 52000
2 Shallow Wells| P-17B 2009 Q3 [09/15/2009 7.00 0.60 Mn(3)/Mn(2) 1.5 53000
2 Shallow Wells| P-17B 2009 Q4 [12/10/2009 7.50 0.51 Mn(3)/Mn(2) 1 36000
2 Shallow Wells| P-17B 2010 Q1 [03/09/2010 7.10 0.58 Mn(3)/Mn(2) 1.5 44000
2 Shallow Wells| P-17B 2010 Q2 [ 06/07/2010 7.10 0.58 Mn(3)/Mn(2) 1.5 45000
2 Shallow Wells| P-17B 2010 Q3 [09/20/2010 6.90 0.61 Mn(3)/Mn(2) 1.51 49500
2 Shallow Wells| P-17B 2010 Q4 [12/10/2010 7.10 0.58 Mn(3)/Mn(2) 1.63 62100
2 Shallow Wells| P-17B 2011 Q1 [ 03/02/2011 7.10 0.58 Mn(3)/Mn(2) 1.84 54400
2 Shallow Wells| P-17B 2011 Q2 [ 06/07/2011 7.00 0.60 Mn(3)/Mn(2) 1.56 64800
2 Shallow Wells| P-17B 2011 Q3 [ 09/08/2011 7.10 0.59 Mn(3)/Mn(2) 1 58000
2 Shallow Wells| P-17B 2011 Q4 [12/06/2011 6.90 0.63 Mn(3)/Mn(2) 1 57000
2 Shallow Wells| P-17B 2012 Q1 [ 02/24/2012 7.40 0.53 Mn(3)/Mn(2) 1.2 62000
2 Shallow Wells| P-17B 2012 Q3 [ 08/27/2012 6.98 0.61 Mn(3)/Mn(2) 1.2 58000
2 Shallow Wells| P-17B 2013 Q1 [ 02/25/2013 6.94 0.60 Mn(3)/Mn(2) 1.7 52000
2 Shallow Wells| P-17B 2013 Q3 [ 08/19/2013 7.34 0.54 Mn(3)/Mn(2) 1.5 66000
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Appendix B. Aqueous Composition and Calculated Eh Values for Samples Shown in Figures 3-1 and 3-2

Eh Redox Iron Manganese| Sulfate Sulfide Sulfite
Category | Description | Sample | Quarter Date pH (V) Couple (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
2 Shallow Wells| P-17B 2014 Q1 [02/25/2014 7.41 0.53 Mn(3)/Mn(2) 1.4 62000
2 Shallow Wells | P-18A 2001 Q1 [03/13/2001 7.23 -0.11 Fe(3)/Fe(2) 0.18 0.6 2600
2 Shallow Wells| P-18A 2001 Q2 [ 06/01/2001 7.06 -0.07 Fe(3)/Fe(2) 0.1 0.52 3400
2 Shallow Wells | P-18A 2001 Q4 [12/01/2001 7.14 0.57 Mn(3)/Mn(2) 0.64 2700
2 Shallow Wells| P-18A 2002 Q1 [ 03/12/2002 7.22 0.55 Mn(3)/Mn(2) 0.62 2400
2 Shallow Wells| P-18A 2002 Q2 [ 06/13/2002 7.42 -0.15 Fe(3)/Fe(2) 0.2 0.53 2600
2 Shallow Wells| P-18A 2002 Q3 [09/11/2002 7.08 0.57 Mn(3)/Mn(2) 0.73 2900
2 Shallow Wells| P-18A 2002 Q4 [12/12/2002 7.41 0.52 Mn(3)/Mn(2) 0.6 2700
2 Shallow Wells | P-18A 2003 Q1 [ 03/01/2003 7.28 0.54 Mn(3)/Mn(2) 0.6 2700
2 Shallow Wells | P-18A 2003 Q2 | 06/02/2003 7.51 -0.16 Fe(3)/Fe(2) 0.161 0.593 2900
2 Shallow Wells| P-18A 2003 Q3 [ 09/03/2003 7.27 0.54 Mn(3)/Mn(2) <.05 0.617 2800
2 Shallow Wells| P-18A 2003 Q4 [11/17/2003 7.47 0.50 Mn(3)/Mn(2) <.15 0.694 2800
2 Shallow Wells| P-18A 2004 Q1 [ 03/10/2004 7.40 0.52 Mn(3)/Mn(2) <.05 0.61 3600
2 Shallow Wells | P-18A 2004 Q2 [06/17/2004 7.39 -0.14 Fe(3)/Fe(2) 0.16 0.63 3300
2 Shallow Wells | P-18A 2005 Q1 [ 03/02/2005 7.20 -0.16 Fe(3)/Fe(2) 2.6 <1 11000
2 Shallow Wells | P-18A 2005 Q3 [09/08/2005 7.20 0.57 Mn(3)/Mn(2) <1 0.88 11000
2 Shallow Wells | P-18A 2005 Q4 [12/06/2005 7.20 0.57 Mn(3)/Mn(2) <1 0.88 11000
2 Shallow Wells| P-18B 1999 Q4 | 12/09/1999 7.12 0.57 Mn(3)/Mn(2) 0.59 2700
2 Shallow Wells| P-18B 2000 Q1 [03/13/2000 7.27 0.52 Mn(3)/Mn(2) 1.7 2700
2 Shallow Wells| P-18B 2000 Q2 [ 06/21/2000 7.84 -0.24 Fe(3)/Fe(2) 0.47 2.2 4700
2 Shallow Wells| P-18B 2000 Q3 [09/13/2000 6.85 -0.12 Fe(3)/Fe(2) 4.1 4.7 3200
2 Shallow Wells| P-18B 2000 Q4 [12/18/2000 7.21 -0.17 Fe(3)/Fe(2) 1.7 2 2300
2 Shallow Wells| P-18B 2001 Q1 [ 03/09/2001 7.04 0.55 Mn(3)/Mn(2) 2.8 5100
2 Shallow Wells| P-18B 2001 Q2 [ 06/01/2001 6.69 -0.06 Fe(3)/Fe(2) 1.3 3 5000
2 Shallow Wells| P-18B 2002 Q1 [ 03/12/2002 7.10 0.54 Mn(3)/Mn(2) 2.2 3200
2 Shallow Wells| P-18B 2002 Q2 [ 06/13/2002 7.26 0.53 Mn(3)/Mn(2) 1.6 5300
2 Shallow Wells| P-18B 2002 Q3 [09/11/2002 7.00 0.56 Mn(3)/Mn(2) 2.5 8700
2 Shallow Wells| P-18B 2005 Q1 |03/02/2005 7.40 0.77 0(0)/0(-2) <2 <1 16000
2 Shallow Wells| P-18B 2006 Q2 | 06/06/2006 7.20 0.55 Mn(3)/Mn(2) 0.69 3100
2 Shallow Wells| P-18B 2007 Q1 [ 03/06/2007 7.20 0.56 Mn(3)/Mn(2) 0.57 3500
2 Shallow Wells| P-18B 2007 Q2 [ 06/15/2007 7.30 0.54 Mn(3)/Mn(2) 0.72 4200
2 Shallow Wells| P-18B 2007 Q3 [ 09/06/2007 6.80 0.62 Mn(3)/Mn(2) 0.73 3200
2 Shallow Wells| P-18B 2007 Q4 [12/04/2007 6.90 0.61 Mn(3)/Mn(2) 0.71 3300
2 Shallow Wells| P-18B 2008 Q1 [ 03/05/2008 7.00 0.59 Mn(3)/Mn(2) 0.73 3000
2 Shallow Wells| P-18B 2008 Q2 [ 06/04/2008 7.20 0.55 Mn(3)/Mn(2) 0.68 3400
2 Shallow Wells| P-18B 2008 Q3 [09/10/2008 7.20 0.56 Mn(3)/Mn(2) 0.67 3700
2 Shallow Wells| P-18B 2008 Q4 [12/11/2008 7.20 0.55 Mn(3)/Mn(2) 0.75 3500
2 Shallow Wells| P-18B 2009 Q1 [ 03/04/2009 7.30 0.54 Mn(3)/Mn(2) 0.72 3400
2 Shallow Wells| P-18B 2009 Q2 [ 06/10/2009 7.00 0.59 Mn(3)/Mn(2) 0.74 3900
2 Shallow Wells| P-18B 2009 Q3 [09/15/2009 6.90 0.61 Mn(3)/Mn(2) 0.76 4300
2 Shallow Wells| P-18B 2009 Q4 [12/10/2009 7.00 0.59 Mn(3)/Mn(2) 0.72 3800
2 Shallow Wells| P-18B 2010 Q1 [03/09/2010 7.10 0.58 Mn(3)/Mn(2) 0.66 4000
2 Shallow Wells| P-18B 2010 Q2 [ 06/07/2010 7.00 0.59 Mn(3)/Mn(2) 0.76 4000
2 Shallow Wells| P-18B 2010 Q3 [09/20/2010 7.00 0.59 Mn(3)/Mn(2) 0.824 4680
2 Shallow Wells| P-18B 2010 Q4 [12/10/2010 7.10 0.58 Mn(3)/Mn(2) 0.76 6150
2 Shallow Wells| P-18B 2011 Q1 [ 03/01/2011 7.20 0.55 Mn(3)/Mn(2) 0.726 3720
2 Shallow Wells| P-18B 2011 Q2 [ 06/07/2011 7.20 0.56 Mn(3)/Mn(2) 0.67 4120
2 Shallow Wells| P-18B 2011 Q3 [09/08/2011 7.20 0.63 Mn(3)/Mn(2) 0.052 5100
2 Shallow Wells| P-18B 2011 Q4 [12/06/2011 7.10 0.57 Mn(3)/Mn(2) 0.82 4700
2 Shallow Wells| P-18B 2012 Q1 [ 02/24/2012 7.40 0.52 Mn(3)/Mn(2) 0.72 5300
2 Shallow Wells| P-18B 2012 Q3 [ 08/27/2012 7.12 0.57 Mn(3)/Mn(2) 0.76 5200
2 Shallow Wells| P-18B 2013 Q1 [ 02/25/2013 7.09 0.58 Mn(3)/Mn(2) 0.71 4600
2 Shallow Wells| P-18B 2013 Q3 [ 08/19/2013 7.47 0.51 Mn(3)/Mn(2) 0.84 5700
2 Shallow Wells| P-18B 2014 Q1 [02/25/2014 7.57 0.50 Mn(3)/Mn(2) 0.59 5600
2 Shallow Wells | P-19A 2001 Q1 | 01/02/2001 7.08 -0.18 Fe(3)/Fe(2) 6.4 1.4 2300
2 Shallow Wells | P-19A 2001 Q1 [ 03/09/2001 7.04 0.59 Mn(3)/Mn(2) 0.59 5600
2 Shallow Wells | P-19A 2001 Q2 [ 06/01/2001 7.08 -0.07 Fe(3)/Fe(2) 0.12 0.2 3400
2 Shallow Wells | P-19A 2001 Q4 [12/01/2001 6.89 0.60 Mn(3)/Mn(2) 0.83 2300
2 Shallow Wells| P-19A 2002 Q1 [ 03/12/2002 7.30 0.58 Mn(3)/Mn(2) 0.14 3800
2 Shallow Wells| P-19A 2005 Q1 [ 03/07/2005 7.00 0.80 0(0)/0(-2) <2 <1 19000
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Appendix B. Aqueous Composition and Calculated Eh Values for Samples Shown in Figures 3-1 and 3-2

Eh Redox Iron Manganese| Sulfate Sulfide Sulfite
Category | Description | Sample | Quarter Date pH (V) Couple (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)

2 Shallow Wells| P-19A 2005 Q4 [12/06/2005 7.20 0.52 Mn(3)/Mn(2) <1 2.9 3000
2 Shallow Wells | P-19A 2006 Q4 [12/12/2006 7.40 0.49 Mn(3)/Mn(2) 1.7 2900
2 Shallow Wells| P-19A 2008 Q1 [ 03/05/2008 7.00 0.59 Mn(3)/Mn(2) 0.52 2000
2 Shallow Wells | P-19AR | 2011 Q3 | 09/07/2011 7.50 0.51 Mn(3)/Mn(2) 0.5 3800
2 Shallow Wells | P-19AR | 2011 Q4 |12/06/2011 7.20 0.55 Mn(3)/Mn(2) 0.72 3400
2 Shallow Wells | P-19AR | 2012 Q1 |02/27/2012 7.60 0.48 Mn(3)/Mn(2) 0.67 3500
2 Shallow Wells | P-19AR | 2012 Q3 | 08/28/2012 7.59 0.50 Mn(3)/Mn(2) 0.47 3700
2 Shallow Wells | P-19AR | 2013 Q1 |02/25/2013 7.27 0.54 Mn(3)/Mn(2) 0.68 3800
2 Shallow Wells | P-19AR | 2013 Q3 | 08/19/2013 7.93 0.43 Mn(3)/Mn(2) 0.63 3800
2 Shallow Wells | P-19AR | 2014 Q1 | 02/26/2014 7.82 0.45 Mn(3)/Mn(2) 0.6 3800
2 Shallow Wells P-1R 2004 Q1 [03/10/2004 7.46 0.53 Mn(3)/Mn(2) <.05 0.17 470
2 Shallow Wells P-1R 2004 Q2 [06/17/2004 7.50 0.53 Mn(3)/Mn(2) <.05 0.17 1117
2 Shallow Wells P-1R 2004 Q4 [11/30/2004 7.30 0.78 0(0)/0(-2) <.2 <.1 2000
2 Shallow Wells P-1R 2005 Q1 [ 03/02/2005 7.50 0.77 0(0)/0(-2) <2 <1 1900
2 Shallow Wells P-1R 2005 Q2 [ 06/07/2005 7.30 0.78 0(0)/0(-2) <2 <1 2000
2 Shallow Wells P-1R 2005 Q3 [09/06/2005 7.40 0.77 0(0)/0(-2) <1 <.5 2000
2 Shallow Wells P-1R 2005 Q4 [12/05/2005 7.40 0.77 0(0)/0(-2) <1 <.5 2000
2 Shallow Wells P-1R 2007 Q3 [ 09/04/2007 7.30 0.56 Mn(3)/Mn(2) 0.21 2000
2 Shallow Wells P-1R 2007 Q4 [12/04/2007 7.10 0.60 Mn(3)/Mn(2) 0.22 1900
2 Shallow Wells P-1R 2008 Q1 [ 03/05/2008 7.20 0.58 Mn(3)/Mn(2) 0.22 1900
2 Shallow Wells P-1R 2008 Q2 [ 06/03/2008 7.40 0.54 Mn(3)/Mn(2) 0.24 2000
2 Shallow Wells P-1R 2009 Q1 [ 03/03/2009 7.20 0.58 Mn(3)/Mn(2) 0.25 2100
2 Shallow Wells P-1R 2009 Q2 | 06/09/2009 7.30 0.56 Mn(3)/Mn(2) 0.25 2100
2 Shallow Wells P-1R 2009 Q3 [09/15/2009 7.20 0.58 Mn(3)/Mn(2) 0.24 2200
2 Shallow Wells P-1R 2010 Q1 [03/09/2010 7.30 0.56 Mn(3)/Mn(2) 0.23 2100
2 Shallow Wells P-1R 2010 Q2 [ 06/07/2010 7.20 0.57 Mn(3)/Mn(2) 0.27 2200
2 Shallow Wells P-1R 2010 Q3 [09/20/2010 7.30 0.56 Mn(3)/Mn(2) 0.281 2190
2 Shallow Wells P-1R 2010 Q4 [12/10/2010 7.40 0.54 Mn(3)/Mn(2) 0.268 2700
2 Shallow Wells P-1R 2011 Q1 [03/02/2011 7.40 0.53 Mn(3)/Mn(2) 0.315 2210
2 Shallow Wells P-1R 2011 Q2 [ 06/07/2011 7.45 0.51 Mn(3)/Mn(2) 0.334

2 Shallow Wells P-1R 2011 Q3 [09/06/2011 7.30 0.56 Mn(3)/Mn(2) 0.27 2200
2 Shallow Wells P-1R 2011 Q4 [12/05/2011 7.10 0.59 Mn(3)/Mn(2) 0.34 2300
2 Shallow Wells P-1R 2012 Q1 [ 02/24/2012 7.60 0.50 Mn(3)/Mn(2) 0.32 2400
2 Shallow Wells P-1R 2012 Q3 [ 08/27/2012 7.26 0.56 Mn(3)/Mn(2) 0.31 2400
2 Shallow Wells P-2 1999 Q4 | 12/02/1999 7.43 -0.13 Fe(3)/Fe(2) 0.25 1.8 34000
2 Shallow Wells P-2 2000 Q1 [03/21/2000 7.42 -0.13 Fe(3)/Fe(2) 0.29 2.1 32000
2 Shallow Wells P-2 2000 Q2 [ 06/19/2000 7.46 -0.17 Fe(3)/Fe(2) 1 1.6 32000
2 Shallow Wells P-2 2000 Q3 [09/07/2000 7.25 -0.13 Fe(3)/Fe(2) 0.87 2 28000
2 Shallow Wells P-2 2000 Q4 [12/13/2000 7.36 -0.18 Fe(3)/Fe(2) 2.2 2.6 32000
2 Shallow Wells P-2 2001 Q1 [ 03/06/2001 7.29 -0.11 Fe(3)/Fe(2) 0.24 2.4 34000
2 Shallow Wells P-2 2001 Q2 [ 06/01/2001 7.34 -0.15 Fe(3)/Fe(2) 0.8 1.1 34000
2 Shallow Wells P-2 2002 Q1 [ 03/12/2002 7.20 0.57 Mn(3)/Mn(2) 0.67 25000
2 Shallow Wells P-2 2002 Q2 [ 06/13/2002 7.40 -0.13 Fe(3)/Fe(2) 0.25 0.85 23000
2 Shallow Wells P-2 2002 Q3 [09/11/2002 7.45 0.57 Mn(3)/Mn(2) 0.16 20000
2 Shallow Wells P-2 2002 Q4 [12/12/2002 7.50 0.56 Mn(3)/Mn(2) 0.13 20000
2 Shallow Wells P-2 2003 Q1 [ 03/01/2003 7.27 0.55 Mn(3)/Mn(2) 1.2 25000
2 Shallow Wells P-2 2003 Q2 | 05/28/2003 7.38 0.55 Mn(3)/Mn(2) <.l 0.638 26000
2 Shallow Wells P-2 2003 Q3 [ 09/03/2003 7.44 0.59 Mn(3)/Mn(2) <.1 0.0682 21000
2 Shallow Wells P-2 2003 Q4 [11/17/2003 7.45 0.53 Mn(3)/Mn(2) 0.635 25000
2 Shallow Wells P-2 2004 Q1 [ 03/10/2004 7.84 0.50 Mn(3)/Mn(2) <.5 0.2 24000
2 Shallow Wells P-2 2004 Q2 [06/17/2004 7.39 0.52 Mn(3)/Mn(2) <.5 0.74 839
2 Shallow Wells P-2 2004 Q4 [11/30/2004 7.30 0.78 0(0)/0(-2) <.2 <.1 24000
2 Shallow Wells P-2 2005 Q1 [ 03/02/2005 7.40 0.77 0(0)/0(-2) <.8 <.4 20000
2 Shallow Wells P-2 2005 Q2 | 06/07/2005 7.30 0.54 Mn(3)/Mn(2) <2 1.2 25000
2 Shallow Wells P-2 2005 Q3 [09/07/2005 7.50 0.51 Mn(3)/Mn(2) <1 1.3 28000
2 Shallow Wells P-2 2006 Q1 [03/11/2006 7.40 0.51 Mn(3)/Mn(2) 2.1 27000
2 Shallow Wells P-2 2006 Q3 [09/12/2006 7.20 0.55 Mn(3)/Mn(2) 2.1 34000
2 Shallow Wells P-2 2006 Q4 [12/12/2006 7.50 0.50 Mn(3)/Mn(2) 1.8 23000
2 Shallow Wells P-2 2007 Q1 [ 03/05/2007 7.20 0.55 Mn(3)/Mn(2) 2.2 35000
2 Shallow Wells P-2 2007 Q2 [ 06/15/2007 7.50 0.49 Mn(3)/Mn(2) 1.9 24000
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Appendix B. Aqueous Composition and Calculated Eh Values for Samples Shown in Figures 3-1 and 3-2

Eh Redox Iron Manganese| Sulfate Sulfide Sulfite
Category | Description | Sample | Quarter Date pH (V) Couple (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
2 Shallow Wells P-2 2007 Q3 [09/05/2007 7.30 0.53 Mn(3)/Mn(2) 2.1 22000
2 Shallow Wells P-2 2007 Q4 [12/04/2007 7.20 0.54 Mn(3)/Mn(2) 2.3 22000
2 Shallow Wells P-2 2008 Q2 [ 06/03/2008 7.60 0.50 Mn(3)/Mn(2) 0.71 21000
2 Shallow Wells P-2 2008 Q3 [09/09/2008 7.40 0.52 Mn(3)/Mn(2) 1.4 23000 <.05 <2
2 Shallow Wells P-2 2008 Q4 [12/11/2008 7.40 0.52 Mn(3)/Mn(2) 1.3 21000
2 Shallow Wells P-2 2009 Q3 [09/15/2009 7.10 -0.22 S(6)/5(-2) 1.6 20000 0.023 <2
2 Shallow Wells P-2 2010 Q3 [09/16/2010 7.40 0.53 Mn(3)/Mn(2) 0.842 19300 <.5 <2
2 Shallow Wells P-2 2010 Q4 [12/08/2010 7.40 0.53 Mn(3)/Mn(2) 0.954 19500 <.5 <2
2 Shallow Wells P-2 2011 Q1 [03/03/2011 7.50 0.52 Mn(3)/Mn(2) 0.561 19800 <.5 <2
2 Shallow Wells P-2 2011 Q2 [ 06/08/2011 7.50 0.54 Mn(3)/Mn(2) 0.347 22100 <.5 <2
2 Shallow Wells P-2 2011 Q3 [09/06/2011 7.30 0.57 Mn(3)/Mn(2) 0.35 19000 <.05 <2
2 Shallow Wells P-2 2011 Q4 [12/05/2011 7.20 0.55 Mn(3)/Mn(2) 1.5 19000 <.05 <2
2 Shallow Wells P-2 2012 Q1 [ 02/24/2012 7.50 0.51 Mn(3)/Mn(2) 0.9 20000 <.05 <2
2 Shallow Wells P-2 2012 Q3 [ 08/27/2012 7.17 0.51 Mn(3)/Mn(2) 7.8 18000 <.05 <2
2 Shallow Wells P-2 2013 Q1 [02/25/2013 7.20 -0.23 S(6)/5(-2) 4.3 18000 0.074 <2
2 Shallow Wells P-2 2013 Q3 [ 08/19/2013 7.51 0.48 Mn(3)/Mn(2) 2.8 18000 <.05 <2
2 Shallow Wells P-2 2014 Q1 [02/25/2014 7.55 0.49 Mn(3)/Mn(2) 1.4 18000 <.05 <2
2 Shallow Wells | P-20A 1999 Q4 | 12/09/1999 7.77 0.48 Mn(3)/Mn(2) 0.24 3300
2 Shallow Wells| P-20A 2000 Q1 [03/13/2000 7.95 0.49 Mn(3)/Mn(2) 0.088 11000
2 Shallow Wells| P-20A 2000 Q2 [ 06/20/2000 7.50 -0.15 Fe(3)/Fe(2) 0.2 0.47 9770
2 Shallow Wells| P-20A 2000 Q3 [09/13/2000 7.71 -0.20 Fe(3)/Fe(2) 0.17 0.14 3000
2 Shallow Wells | P-20A 2001 Q1 [ 03/09/2001 8.01 0.47 Mn(3)/Mn(2) 0.12 12000
2 Shallow Wells | P-20A 2001 Q4 [12/01/2001 7.60 0.50 Mn(3)/Mn(2) 0.33 2200
2 Shallow Wells | P-20A 2002 Q1 [ 03/12/2002 7.70 0.52 Mn(3)/Mn(2) 0.063 2200
2 Shallow Wells | P-20A 2002 Q2 [ 06/13/2002 7.62 0.52 Mn(3)/Mn(2) 0.13 2600
2 Shallow Wells | P-20A 2002 Q3 [09/11/2002 7.58 0.51 Mn(3)/Mn(2) 0.28 2000
2 Shallow Wells| P-20A 2002 Q4 [12/12/2002 7.71 0.49 Mn(3)/Mn(2) 0.24 2200
2 Shallow Wells | P-20A 2003 Q1 [ 03/01/2003 7.97 0.47 Mn(3)/Mn(2) 0.14 9400
2 Shallow Wells | P-20A 2003 Q2 | 06/02/2003 7.84 0.50 Mn(3)/Mn(2) <.05 0.0695 3300
2 Shallow Wells| P-20A 2003 Q3 [ 09/03/2003 7.59 0.55 Mn(3)/Mn(2) <.05 0.054 2300
2 Shallow Wells| P-20A 2003 Q4 [11/17/2003 7.70 0.49 Mn(3)/Mn(2) <.05 0.278 2300
2 Shallow Wells| P-20A 2004 Q1 [ 03/10/2004 7.91 0.74 0(0)/0(-2) <.1 <.005 8400
2 Shallow Wells | P-20A 2004 Q2 [ 06/17/2004 7.90 0.53 Mn(3)/Mn(2) <.05 0.03 16000
2 Shallow Wells | P-20A 2004 Q3 [09/17/2004 7.60 0.76 0(0)/0(-2) <.0088 <.0032 9600
2 Shallow Wells| P-20A 2004 Q4 [12/22/2004 8.10 0.73 0(0)/0(-2) <.2 <.1 18000
2 Shallow Wells | P-20A 2005 Q1 [ 03/07/2005 8.00 0.74 0(0)/0(-2) <2 <1 34000
2 Shallow Wells | P-20A 2005 Q3 [09/08/2005 8.20 0.72 0(0)/0(-2) <1 <.5 18000
2 Shallow Wells| P-20A 2005 Q4 [ 12/06/2005 8.20 0.72 0(0)/0(-2) <1 <.5 18000
2 Shallow Wells | P-20A 2011 Q2 [ 06/07/2011 8.10 0.51 Mn(3)/Mn(2) 0.0144 15700
2 Shallow Wells| P-20A 2011 Q4 [12/06/2011 7.80 0.55 Mn(3)/Mn(2) 0.015 4800
2 Shallow Wells| P-20A 2012 Q1 [ 02/27/2012 8.00 0.50 Mn(3)/Mn(2) 0.026 3900
2 Shallow Wells | P-20A 2012 Q3 [ 08/28/2012 8.06 0.47 Mn(3)/Mn(2) 0.058 4400
2 Shallow Wells| P-20A 2013 Q1 [02/25/2013 7.56 0.56 Mn(3)/Mn(2) 0.051 3200
2 Shallow Wells | P-20A 2013 Q3 [ 08/19/2013 7.92 0.49 Mn(3)/Mn(2) 0.066 3600
2 Shallow Wells | P-20A 2014 Q1 [02/26/2014 7.83 0.48 Mn(3)/Mn(2) 0.18 5200
2 Shallow Wells| P-20B 2001 Q1 [ 03/13/2001 7.53 -0.19 Fe(3)/Fe(2) 0.28 0.41 1900
2 Shallow Wells| P-20B 2001 Q2 [ 06/01/2001 7.48 0.51 Mn(3)/Mn(2) 0.48 2800
2 Shallow Wells| P-20B 2001 Q3 [09/10/2001 7.64 -0.20 Fe(3)/Fe(2) 0.24 0.5 2000
2 Shallow Wells| P-20B 2001 Q4 [12/01/2001 7.47 -0.16 Fe(3)/Fe(2) 0.18 0.41 1800
2 Shallow Wells| P-20B 2002 Q1 [03/12/2002 7.51 -0.17 Fe(3)/Fe(2) 0.15 0.38 1800
2 Shallow Wells| P-20B 2002 Q2 [ 06/13/2002 7.79 0.45 Mn(3)/Mn(2) 0.48 2000
2 Shallow Wells| P-20B 2002 Q3 [09/11/2002 7.58 0.49 Mn(3)/Mn(2) 0.53 1800
2 Shallow Wells| P-20B 2002 Q4 [12/12/2002 7.70 0.48 Mn(3)/Mn(2) 0.39 2000
2 Shallow Wells| P-20B 2003 Q2 | 06/02/2003 7.62 0.49 Mn(3)/Mn(2) <.05 0.38 2000
2 Shallow Wells| P-20B 2003 Q3 [ 09/03/2003 7.49 0.51 Mn(3)/Mn(2) <.05 0.442 1900
2 Shallow Wells| P-20B 2003 Q4 [11/17/2003 7.68 0.48 Mn(3)/Mn(2) <.05 0.416 2100
2 Shallow Wells| P-20B 2004 Q2 [ 06/17/2004 7.69 0.48 Mn(3)/Mn(2) <.05 0.39 2000
2 Shallow Wells| P-20B 2004 Q3 [09/17/2004 7.41 0.52 Mn(3)/Mn(2)] <.0088 0.45 2000
2 Shallow Wells| P-20B 2005 Q1 [03/07/2005 7.10 0.79 0(0)/0(-2) <2 <1 2300
2 Shallow Wells| P-20B 2005 Q3 [09/08/2005 7.60 0.76 0(0)/0(-2) <1 <.5 2200
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Appendix B. Aqueous Composition and Calculated Eh Values for Samples Shown in Figures 3-1 and 3-2

Eh Redox Iron Manganese| Sulfate Sulfide Sulfite
Category | Description | Sample | Quarter Date pH (V) Couple (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
2 Shallow Wells| P-20B 2005 Q4 [12/06/2005 7.60 0.76 0(0)/0(-2) <1 <.5 2200
2 Shallow Wells| P-20B 2010 Q3 [09/22/2010 7.50 0.56 Mn(3)/Mn(2) 0.05 1860
2 Shallow Wells| P-20B 2011 Q1 (03/01/2011 8.00 0.49 Mn(3)/Mn(2) 0.032 1980
2 Shallow Wells| P-20B 2011 Q2 [ 06/07/2011 7.40 0.56 Mn(3)/Mn(2) 0.126 2510
2 Shallow Wells| P-20B 2011 Q3 [09/08/2011 7.50 0.53 Mn(3)/Mn(2) 0.18 2200
2 Shallow Wells| P-20B 2011 Q4 [12/09/2011 7.52 0.59 Mn(3)/Mn(2) 0.016 2200
2 Shallow Wells| P-20B 2012 Q1 [ 02/27/2012 7.61 0.57 Mn(3)/Mn(2) 0.022 2500
2 Shallow Wells| P-20B 2012 Q3 [ 08/28/2012 7.62 0.49 Mn(3)/Mn(2) 0.43 2100
2 Shallow Wells| P-20B 2013 Q1 [ 02/25/2013 7.18 0.56 Mn(3)/Mn(2) 0.48 1900
2 Shallow Wells| P-20B 2013 Q3 [ 08/19/2013 7.81 0.45 Mn(3)/Mn(2) 0.5 2300
2 Shallow Wells| P-20B 2014 Q1 [02/26/2014 7.54 0.50 Mn(3)/Mn(2) 0.39 2200
2 Shallow Wells P-21 2011 Q3 [09/07/2011 7.60 0.49 Mn(3)/Mn(2) 0.48 3500
2 Shallow Wells P-21 2011 Q4 [12/05/2011 7.30 0.53 Mn(3)/Mn(2) 0.73 2900
2 Shallow Wells P-21 2012 Q1 [ 02/27/2012 7.60 0.52 Mn(3)/Mn(2) 0.18 4600
2 Shallow Wells P-21 2012 Q3 [ 08/27/2012 7.52 0.53 Mn(3)/Mn(2) 0.25 4100
2 Shallow Wells P-21 2013 Q1 [ 02/25/2013 7.20 0.59 Mn(3)/Mn(2) 0.18 4100
2 Shallow Wells P-21 2013 Q3 [ 08/19/2013 7.68 0.50 Mn(3)/Mn(2) 0.28 4700
2 Shallow Wells P-21 2014 Q1 [02/26/2014 7.61 0.52 Mn(3)/Mn(2) 0.23 5000
2 Shallow Wells P-22 2011 Q3 [ 09/08/2011 7.40 0.53 Mn(3)/Mn(2) 0.45 5200
2 Shallow Wells P-22 2011 Q4 [12/06/2011 7.30 0.54 Mn(3)/Mn(2) 0.8 5100
2 Shallow Wells P-22 2012 Q1 [02/27/2012 7.60 0.49 Mn(3)/Mn(2) 0.72 5600
2 Shallow Wells P-22 2012 Q3 [ 08/28/2012 7.53 0.51 Mn(3)/Mn(2) 0.47 6100
2 Shallow Wells P-22 2013 Q1 [ 02/25/2013 7.19 0.56 Mn(3)/Mn(2) 0.71 6600
2 Shallow Wells P-22 2013 Q3 [ 08/19/2013 7.62 0.49 Mn(3)/Mn(2) 0.59 6700
2 Shallow Wells P-22 2014 Q1 [02/26/2014 7.85 0.44 Mn(3)/Mn(2) 0.78 7300
2 Shallow Wells P-3 1999 Q4 | 12/02/1999 7.57 0.58 Mn(3)/Mn(2) 0.068 54000
2 Shallow Wells P-3 2000 Q1 [03/21/2000 7.69 0.52 Mn(3)/Mn(2) 0.3 42000
2 Shallow Wells P-3 2000 Q2 [ 06/19/2000 7.70 0.52 Mn(3)/Mn(2) 0.3 47000
2 Shallow Wells P-3 2001 Q1 [ 03/06/2001 7.63 0.59 Mn(3)/Mn(2) 0.028 45000
2 Shallow Wells P-3 2002 Q3 [09/11/2002 7.60 0.58 Mn(3)/Mn(2) 0.046 39000
2 Shallow Wells P-3 2003 Q1 [ 03/01/2003 7.57 0.57 Mn(3)/Mn(2) 0.073 39000
2 Shallow Wells P-3 2003 Q2 [ 05/28/2003 7.66 0.54 Mn(3)/Mn(2) <.1 0.129 38000
2 Shallow Wells P-3 2003 Q3 [ 09/03/2003 7.72 0.51 Mn(3)/Mn(2) <.1 0.269 33000
2 Shallow Wells P-3 2003 Q4 [11/17/2003 7.57 0.55 Mn(3)/Mn(2) <.05 0.164 38000
2 Shallow Wells P-3 2004 Q1 [ 03/10/2004 7.64 0.76 0(0)/0(-2) <.5 <.025 36000
2 Shallow Wells P-3 2004 Q2 [ 06/17/2004 7.61 0.50 Mn(3)/Mn(2) <.5 0.42 1205
2 Shallow Wells P-3 2004 Q3 [09/14/2004 7.56 0.57 Mn(3)/Mn(2)] <.0088 0.087 32000
2 Shallow Wells P-3 2004 Q4 [11/30/2004 7.60 0.76 0(0)/0(-2) <.2 <.1 35000
2 Shallow Wells P-3 2005 Q1 [ 03/02/2005 7.40 0.52 Mn(3)/Mn(2) <.8 1.9 28000
2 Shallow Wells P-3 2005 Q2 [ 06/07/2005 7.70 0.75 0(0)/0(-2) <2 <1 42000
2 Shallow Wells P-3 2005 Q4 [12/06/2005 7.80 0.75 0(0)/0(-2) <2 <1 45000
2 Shallow Wells P-3 2007 Q3 [09/05/2007 7.60 0.51 Mn(3)/Mn(2) 0.64 30000
2 Shallow Wells P-3 2007 Q4 [12/04/2007 7.50 0.48 Mn(3)/Mn(2) 4 27000
2 Shallow Wells P-3 2008 Q2 [ 06/03/2008 7.60 0.48 Mn(3)/Mn(2) 1.8 30000
2 Shallow Wells P-3 2008 Q3 [09/09/2008 7.60 0.48 Mn(3)/Mn(2) 2 29000 <.05 <2
2 Shallow Wells P-3 2008 Q4 [12/11/2008 7.50 0.49 Mn(3)/Mn(2) 2.5 28000
2 Shallow Wells P-4 1999 Q4 | 12/02/1999 7.62 0.52 Mn(3)/Mn(2) 0.41 42000
2 Shallow Wells P-4 2000 Q1 [03/21/2000 7.64 0.50 Mn(3)/Mn(2) 0.71 40000
2 Shallow Wells P-4 2000 Q2 [ 06/19/2000 7.79 0.52 Mn(3)/Mn(2) 0.16 45000
2 Shallow Wells P-4 2000 Q4 [12/13/2000 7.57 0.52 Mn(3)/Mn(2) 0.53 38000
2 Shallow Wells P-4 2001 Q1 [ 03/06/2001 7.54 0.51 Mn(3)/Mn(2) 0.81 34000
2 Shallow Wells P-4 2001 Q2 [ 06/01/2001 7.70 0.54 Mn(3)/Mn(2) 0.13 46000
2 Shallow Wells P-4 2001 Q3 [09/05/2001 7.61 0.54 Mn(3)/Mn(2) 0.25 53000
2 Shallow Wells P-4 2001 Q4 [12/01/2001 7.48 0.54 Mn(3)/Mn(2) 0.54 38000
2 Shallow Wells P-4 2002 Q1 [ 03/12/2002 7.46 0.55 Mn(3)/Mn(2) 0.35 33000
2 Shallow Wells P-4 2002 Q2 | 06/13/2002 7.56 0.56 Mn(3)/Mn(2) 0.12 32000
2 Shallow Wells P-4 2002 Q3 [09/11/2002 7.52 -0.19 Fe(3)/Fe(2) 1.2 0.21 37000
2 Shallow Wells P-4 2002 Q4 [12/12/2002 7.47 0.54 Mn(3)/Mn(2) 0.41 32000
2 Shallow Wells P-4 2003 Q1 [ 03/01/2003 7.44 0.55 Mn(3)/Mn(2) 0.36 34000
2 Shallow Wells P-4 2003 Q2 [ 05/28/2003 7.56 0.52 Mn(3)/Mn(2) <.l 0.585 31000
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Appendix B. Aqueous Composition and Calculated Eh Values for Samples Shown in Figures 3-1 and 3-2

Eh Redox Iron Manganese| Sulfate Sulfide Sulfite
Category | Description | Sample | Quarter Date pH (V) Couple (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
2 Shallow Wells P-4 2003 Q3 [09/03/2003 7.53 0.55 Mn(3)/Mn(2) <.1 0.246 31000
2 Shallow Wells P-4 2003 Q4 [11/17/2003 7.55 0.53 Mn(3)/Mn(2) <.05 0.35 36000
2 Shallow Wells P-4 2004 Q1 [ 03/10/2004 7.54 0.52 Mn(3)/Mn(2) <.5 0.63 34000
2 Shallow Wells P-4 2004 Q2 [ 06/17/2004 7.52 0.52 Mn(3)/Mn(2) <.05 0.69 29000
2 Shallow Wells P-4 2004 Q3 [09/14/2004 7.38 0.54 Mn(3)/Mn(2)] <.0088 0.7 32000
2 Shallow Wells P-4 2004 Q4 [11/30/2004 7.40 0.77 0(0)/0(-2) <.2 <.1 34000
2 Shallow Wells P-4 2005 Q1 [ 03/02/2005 7.30 0.53 Mn(3)/Mn(2) <.8 2.5 31000
2 Shallow Wells P-4 2005 Q3 [09/07/2005 7.70 0.75 0(0)/0(-2) <2 <.5 38000
2 Shallow Wells P-4 2005 Q4 [ 12/06/2005 7.70 0.75 0(0)/0(-2) <2 <1 38000
2 Shallow Wells P-4 2006 Q1 [03/11/2006 7.60 0.51 Mn(3)/Mn(2) 0.77 40000
2 Shallow Wells P-4 2006 Q2 [ 06/06/2006 7.40 0.54 Mn(3)/Mn(2) 0.77 37000
2 Shallow Wells P-4 2006 Q4 [12/12/2006 7.40 0.52 Mn(3)/Mn(2) 1.4 34000
2 Shallow Wells P-4 2007 Q1 [ 03/05/2007 7.40 0.53 Mn(3)/Mn(2) 1.2 38000
2 Shallow Wells P-4 2007 Q3 [09/05/2007 7.50 0.51 Mn(3)/Mn(2) 1.2 34000
2 Shallow Wells P-4 2007 Q4 [12/04/2007 7.50 0.50 Mn(3)/Mn(2) 1.5 34000
2 Shallow Wells P-4 2008 Q1 [ 03/04/2008 7.50 0.51 Mn(3)/Mn(2) 1.4 33000
2 Shallow Wells P-4 2008 Q2 [ 06/03/2008 7.60 0.49 Mn(3)/Mn(2) 1.5 38000
2 Shallow Wells P-4 2008 Q3 [09/09/2008 7.50 0.51 Mn(3)/Mn(2) 1.3 36000 <.05 <2
2 Shallow Wells P-4 2008 Q4 [12/11/2008 7.50 0.50 Mn(3)/Mn(2) 1.5 35000
2 Shallow Wells P-4 2009 Q1 [ 03/04/2009 7.50 0.50 Mn(3)/Mn(2) 1.5 35000 <.05 <2
2 Shallow Wells P-4 2009 Q2 | 06/09/2009 7.50 0.51 Mn(3)/Mn(2) 1.2 35000 <.01 <2
2 Shallow Wells P-4 2009 Q3 [09/15/2009 7.20 0.56 Mn(3)/Mn(2) 1.4 35000 <.01 <2
2 Shallow Wells P-4 2009 Q4 [12/10/2009 7.30 0.55 Mn(3)/Mn(2) 1.1 34000
2 Shallow Wells P-4 2010 Q1 [03/09/2010 7.40 0.51 Mn(3)/Mn(2) 2.4 36000 <.01 <2
2 Shallow Wells P-4 2010 Q2 [ 06/07/2010 7.40 0.52 Mn(3)/Mn(2) 1.5 36000 <.01 <2
2 Shallow Wells P-4 2010 Q3 [09/16/2010 7.30 0.53 Mn(3)/Mn(2) 2.01 34500 <.5 <2
2 Shallow Wells P-4 2010 Q4 [12/08/2010 7.40 0.52 Mn(3)/Mn(2) 1.67 36200 <.5 <2
2 Shallow Wells P-4 2011 Q1 [03/03/2011 7.40 0.51 Mn(3)/Mn(2) 2.28 37400 <.5 <2
2 Shallow Wells P-4 2011 Q2 [ 06/07/2011 7.40 -0.24 S(6)/S(-2) 1.84 48900 0.59 <2
2 Shallow Wells P-4 2011 Q3 [09/06/2011 7.40 0.55 Mn(3)/Mn(2) 0.45 34000 <.05 <2
2 Shallow Wells P-4 2011 Q4 [12/05/2011 7.30 0.54 Mn(3)/Mn(2) 1.3 38000 <.05 <2
2 Shallow Wells P-4 2012 Q1 [ 02/24/2012 7.60 0.48 Mn(3)/Mn(2) 2.1 41000 <.05 <2
2 Shallow Wells P-4 2012 Q3 [ 08/27/2012 7.30 0.54 Mn(3)/Mn(2) 1.8 37000 <.05 <2
2 Shallow Wells P-4 2013 Q1 [ 02/25/2013 7.22 0.55 Mn(3)/Mn(2) 2.1 35000 <.05 <2
2 Shallow Wells P-4 2013 Q3 [ 08/19/2013 7.70 0.46 Mn(3)/Mn(2) 1.8 36000 <.05 <2
2 Shallow Wells P-4 2014 Q1 [02/25/2014 7.70 0.47 Mn(3)/Mn(2) 1.7 38000 <.05 <2
2 Shallow Wells P-5 1999 Q4 | 12/02/1999 7.74 0.52 Mn(3)/Mn(2) 0.16 38000
2 Shallow Wells P-5 2000 Q1 [03/21/2000 7.81 0.53 Mn(3)/Mn(2) 0.081 38000
2 Shallow Wells P-5 2000 Q2 [ 06/20/2000 6.96 0.66 Mn(3)/Mn(2) 0.16 32000
2 Shallow Wells P-5 2000 Q3 [ 09/06/2000 7.66 0.52 Mn(3)/Mn(2) 0.26 30000
2 Shallow Wells P-5 2000 Q4 [12/13/2000 7.85 0.49 Mn(3)/Mn(2) 0.25 31000
2 Shallow Wells P-5 2001 Q1 [ 03/06/2001 7.82 0.53 Mn(3)/Mn(2) 0.053 32000
2 Shallow Wells P-5 2001 Q4 [12/01/2001 7.72 0.52 Mn(3)/Mn(2) 0.18 24000
2 Shallow Wells P-5 2002 Q1 [ 03/12/2002 7.70 0.55 Mn(3)/Mn(2) 0.053 21000
2 Shallow Wells P-5 2002 Q2 [ 06/13/2002 7.76 0.57 Mn(3)/Mn(2) 0.018 20000
2 Shallow Wells P-5 2002 Q3 [09/11/2002 7.58 0.57 Mn(3)/Mn(2) 0.062 21000
2 Shallow Wells P-5 2002 Q4 [12/12/2002 7.71 0.55 Mn(3)/Mn(2) 0.061 20000
2 Shallow Wells P-5R 2004 Q1 [ 03/10/2004 7.50 0.49 Mn(3)/Mn(2) <.5 3.4 41000
2 Shallow Wells P-5R 2004 Q2 [06/17/2004 7.38 0.52 Mn(3)/Mn(2) <.05 1.6 35000
2 Shallow Wells P-5R 2004 Q4 [11/30/2004 7.30 0.53 Mn(3)/Mn(2) <.2 2.2 40000
2 Shallow Wells P-5R 2005 Q2 [ 06/07/2005 7.50 0.50 Mn(3)/Mn(2) <2 2.2 35000
2 Shallow Wells P-5R 2005 Q3 [09/07/2005 7.50 0.49 Mn(3)/Mn(2) <2 2.6 34000
2 Shallow Wells P-5R 2005 Q4 [12/05/2005 7.50 0.49 Mn(3)/Mn(2) <2 2.6 34000
2 Shallow Wells P-5R 2006 Q1 [03/11/2006 7.50 0.49 Mn(3)/Mn(2) 2.9 32000
2 Shallow Wells P-5R 2006 Q2 [ 06/05/2006 7.30 0.52 Mn(3)/Mn(2) 2.6 30000
2 Shallow Wells P-5R 2006 Q3 [09/11/2006 7.20 0.54 Mn(3)/Mn(2) 2.9 34000
2 Shallow Wells P-5R 2006 Q4 [12/12/2006 7.40 0.50 Mn(3)/Mn(2) 2.6 29000
2 Shallow Wells P-5R 2007 Q1 [ 03/05/2007 7.40 0.51 Mn(3)/Mn(2) 2.5 34000
2 Shallow Wells P-5R 2007 Q2 [ 06/13/2007 7.40 0.52 Mn(3)/Mn(2) 1.9 32000
2 Shallow Wells P-5R 2007 Q3 [ 09/04/2007 7.30 0.52 Mn(3)/Mn(2) 2.6 28000
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Appendix B. Aqueous Composition and Calculated Eh Values for Samples Shown in Figures 3-1 and 3-2

Eh Redox Iron Manganese| Sulfate Sulfide Sulfite
Category | Description | Sample | Quarter Date pH (V) Couple (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
2 Shallow Wells P-5R 2007 Q4 [12/03/2007 7.40 0.50 Mn(3)/Mn(2) 2.8 29000
2 Shallow Wells P-5R 2008 Q1 [ 03/04/2008 7.50 0.49 Mn(3)/Mn(2) 2.7 29000
2 Shallow Wells P-5R 2008 Q2 [ 06/03/2008 7.50 0.49 Mn(3)/Mn(2) 2.4 28000
2 Shallow Wells P-5R 2008 Q3 [09/09/2008 7.40 0.51 Mn(3)/Mn(2) 2.5 27000 <.05 <2
2 Shallow Wells P-5R 2008 Q4 [12/11/2008 7.40 0.51 Mn(3)/Mn(2) 2.3 27000
2 Shallow Wells P-5R 2009 Q1 [ 03/04/2009 7.40 0.51 Mn(3)/Mn(2) 2.4 27000 <.05 <2
2 Shallow Wells P-5R 2009 Q2 [ 06/09/2009 7.40 0.51 Mn(3)/Mn(2) 2.3 27000 <.01 <2
2 Shallow Wells P-5R 2009 Q3 [09/15/2009 7.20 0.54 Mn(3)/Mn(2) 2.3 27000 <.01 <2
2 Shallow Wells P-5R 2009 Q4 [12/10/2009 7.20 0.55 Mn(3)/Mn(2) 1.9 28000
2 Shallow Wells P-5R 2010 Q1 [03/08/2010 7.40 0.51 Mn(3)/Mn(2) 2.2 29000 <.02 <2
2 Shallow Wells P-5R 2010 Q2 [ 06/07/2010 7.30 0.53 Mn(3)/Mn(2) 2.2 28000 <.01 <2
2 Shallow Wells P-5R 2010 Q3 [09/16/2010 7.20 0.54 Mn(3)/Mn(2) 2.31 26200 <.5 <2
2 Shallow Wells P-5R 2010 Q4 [12/08/2010 7.40 0.51 Mn(3)/Mn(2) 2.15 28000 <.5 <2
2 Shallow Wells P-5R 2011 Q1 [ 03/03/2011 7.20 0.54 Mn(3)/Mn(2) 2.66 32700 <.5 <2
2 Shallow Wells P-5R 2011 Q2 [ 06/07/2011 7.30 -0.24 S(6)/5(-2) 0.894 33300 0.59 <2
2 Shallow Wells P-5R 2011 Q3 [09/06/2011 7.30 0.56 Mn(3)/Mn(2) 0.64 24000 <.05 <2
2 Shallow Wells P-5R 2011 Q4 [12/05/2011 7.20 0.55 Mn(3)/Mn(2) 1.8 28000 <.05 <2
2 Shallow Wells P-5R 2012 Q1 [ 02/24/2012 7.40 0.51 Mn(3)/Mn(2) 2.1 30000 <.05 <2
2 Shallow Wells P-5R 2012 Q3 [ 08/27/2012 7.35 0.52 Mn(3)/Mn(2) 1.9 23000 <.05 <2
2 Shallow Wells P-5R 2013 Q1 [02/25/2013 7.21 -0.23 S(6)/5(-2) 2.2 26000 0.085 <2
2 Shallow Wells P-5R 2013 Q3 [ 08/20/2013 7.52 0.49 Mn(3)/Mn(2) 2 27000 <.05 <2
2 Shallow Wells P-5R 2014 Q1 [02/25/2014 7.68 0.47 Mn(3)/Mn(2) 1.8 27000 <.05 <2
2 Shallow Wells P-6 1999 Q4 | 12/09/1999 7.64 0.55 Mn(3)/Mn(2) 0.1 49000
2 Shallow Wells P-6 2000 Q4 [12/13/2000 7.90 0.49 Mn(3)/Mn(2) 0.19 42000
2 Shallow Wells P-6 2001 Q3 [09/05/2001 7.69 0.53 Mn(3)/Mn(2) 0.24 58000
2 Shallow Wells P-6 2001 Q4 [12/01/2001 7.61 0.53 Mn(3)/Mn(2) 0.11 4900
2 Shallow Wells P-6 2002 Q2 [ 06/13/2002 7.67 -0.17 Fe(3)/Fe(2) 0.16 0.036 46000
2 Shallow Wells P-6R 2005 Q1 [ 03/01/2005 7.60 0.50 Mn(3)/Mn(2) <.8 1 24000
2 Shallow Wells P-6R 2005 Q2 [ 06/07/2005 7.60 0.76 0(0)/0(-2) <2 <1 48000
2 Shallow Wells P-6R 2005 Q3 [09/07/2005 7.50 0.49 Mn(3)/Mn(2) <4 4.4 73000
2 Shallow Wells P-6R 2005 Q4 [12/05/2005 7.50 0.49 Mn(3)/Mn(2) <4 4.4 73000
2 Shallow Wells P-6R 2006 Q1 [03/11/2006 7.50 0.49 Mn(3)/Mn(2) 3.3 48000
2 Shallow Wells P-6R 2006 Q2 [ 06/05/2006 7.40 0.51 Mn(3)/Mn(2) 2.6 43000
2 Shallow Wells P-6R 2006 Q3 [09/11/2006 7.20 0.54 Mn(3)/Mn(2) 4.2 80000
2 Shallow Wells P-6R 2006 Q4 [12/12/2006 7.40 0.51 Mn(3)/Mn(2) 4.3 76000
2 Shallow Wells P-6R 2007 Q1 [ 03/05/2007 7.30 0.52 Mn(3)/Mn(2) 3.8 51000
2 Shallow Wells P-6R 2007 Q2 [ 06/13/2007 7.40 0.51 Mn(3)/Mn(2) 3.1 62000
2 Shallow Wells P-6R 2007 Q3 [09/04/2007 7.30 0.53 Mn(3)/Mn(2) 4.3 77000
2 Shallow Wells P-6R 2007 Q4 [12/03/2007 7.40 0.50 Mn(3)/Mn(2) 4.5 84000
2 Shallow Wells P-6R 2008 Q1 [ 03/04/2008 7.50 0.49 Mn(3)/Mn(2) 3.2 61000
2 Shallow Wells P-6R 2008 Q2 [ 06/03/2008 7.40 0.50 Mn(3)/Mn(2) 3.9 65000
2 Shallow Wells P-6R 2008 Q3 [09/09/2008 7.40 0.50 Mn(3)/Mn(2) 4.4 81000 <.05 <2
2 Shallow Wells P-6R 2008 Q4 [12/11/2008 7.40 0.50 Mn(3)/Mn(2) 4.4 79000
2 Shallow Wells P-6R 2009 Q1 [ 03/04/2009 7.40 0.50 Mn(3)/Mn(2) 4.4 68000 <.05 <2
2 Shallow Wells P-6R 2009 Q2 | 06/09/2009 7.40 0.50 Mn(3)/Mn(2) 4.1 59000 <.01 <2
2 Shallow Wells P-6R 2009 Q3 [09/15/2009 7.10 0.56 Mn(3)/Mn(2) 4.6 80000 <.01 <2
2 Shallow Wells P-6R 2009 Q4 [12/10/2009 7.20 0.54 Mn(3)/Mn(2) 4.3 84000
2 Shallow Wells P-6R 2010 Q1 [03/08/2010 7.30 0.52 Mn(3)/Mn(2) 4 75000 <.01 <2
2 Shallow Wells P-6R 2010 Q2 [ 06/07/2010 7.20 -0.23 S(6)/5(-2) 4.6 64000 0.012 <2
2 Shallow Wells P-6R 2010 Q3 [09/16/2010 7.20 0.53 Mn(3)/Mn(2) 4.88 51200 <.5 <2
2 Shallow Wells P-6R 2010 Q4 [12/08/2010 7.30 0.51 Mn(3)/Mn(2) 4.54 56700 <.5 <2
2 Shallow Wells P-6R 2011 Q1 [03/03/2011 7.20 0.54 Mn(3)/Mn(2) 3.98 70300 <.5 <2
2 Shallow Wells P-6R 2011 Q2 [ 06/08/2011 7.30 -0.24 S(6)/5(-2) 3.6 69600 0.98 <2
2 Shallow Wells P-6R 2011 Q3 [09/06/2011 7.40 0.56 Mn(3)/Mn(2) 0.47 73000 <.05 <2
2 Shallow Wells P-6R 2011 Q4 [12/05/2011 7.20 -0.23 S(6)/5(-2) 2.2 50000 0.016 <2
2 Shallow Wells P-6R 2012 Q1 [ 02/24/2012 7.40 0.50 Mn(3)/Mn(2) 4.5 61000 <.05 <2
2 Shallow Wells P-6R 2012 Q3 [ 08/27/2012 7.33 0.51 Mn(3)/Mn(2) 4.2 48000 <.05 <2
2 Shallow Wells P-6R 2013 Q1 [ 02/25/2013 7.18 0.54 Mn(3)/Mn(2) 4.7 69000 <.05 <2
2 Shallow Wells P-6R 2013 Q3 [ 08/20/2013 7.51 0.48 Mn(3)/Mn(2) 5 81000 <.05 <2
2 Shallow Wells P-6R 2014 Q1 [02/25/2014 7.53 0.48 Mn(3)/Mn(2) 3.8 73000 <.05 <2
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Appendix B. Aqueous Composition and Calculated Eh Values for Samples Shown in Figures 3-1 and 3-2

Eh Redox Iron Manganese| Sulfate Sulfide Sulfite
Category | Description | Sample | Quarter Date pH (V) Couple (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
2 Shallow Wells P-7 2000 Q1 [03/21/2000 7.37 0.49 Mn(3)/Mn(2) 5.9 47000
2 Shallow Wells P-7 2001 Q1 [ 03/07/2001 7.36 0.49 Mn(3)/Mn(2) 7.5 49000
2 Shallow Wells P-7 2001 Q2 [ 06/01/2001 7.39 0.51 Mn(3)/Mn(2) 3 51000
2 Shallow Wells P-7 2001 Q3 [09/05/2001 7.33 0.53 Mn(3)/Mn(2) 2.9 57000
2 Shallow Wells P-7 2001 Q4 [12/01/2001 7.28 0.53 Mn(3)/Mn(2) 3.2 50000
2 Shallow Wells P-7 2002 Q1 [ 03/12/2002 7.26 0.53 Mn(3)/Mn(2) 3 47000
2 Shallow Wells P-7 2002 Q3 [09/11/2002 7.46 0.53 Mn(3)/Mn(2) 0.96 54000
2 Shallow Wells P-7 2002 Q4 [12/12/2002 7.29 0.53 Mn(3)/Mn(2) 2.8 49000
2 Shallow Wells P-7 2003 Q1 [ 03/01/2003 7.48 0.53 Mn(3)/Mn(2) 0.91 57000
2 Shallow Wells P-7 2003 Q3 [ 09/03/2003 7.55 0.49 Mn(3)/Mn(2) <.1 2.65 56000
2 Shallow Wells P-7 2003 Q4 [11/17/2003 7.46 0.51 Mn(3)/Mn(2) <.05 2.01 62000
2 Shallow Wells P-7 2004 Q1 [ 03/10/2004 7.58 0.49 Mn(3)/Mn(2) <.5 1.8 47000
2 Shallow Wells P-7 2004 Q2 [06/17/2004 7.55 0.52 Mn(3)/Mn(2) <.05 0.72 53000
2 Shallow Wells P-7R 2004 Q4 [11/30/2004 7.60 0.48 Mn(3)/Mn(2) <.2 2.9 54000
2 Shallow Wells P-7R 2005 Q1 [03/01/2005 7.30 0.56 Mn(3)/Mn(2) <.8 0.73 19000
2 Shallow Wells P-7R 2005 Q2 [ 06/07/2005 7.60 0.50 Mn(3)/Mn(2) <2 1.2 35000
2 Shallow Wells P-7R 2005 Q3 [09/07/2005 7.70 0.47 Mn(3)/Mn(2) <4 2.1 56000
2 Shallow Wells P-7R 2005 Q4 [12/05/2005 7.70 0.47 Mn(3)/Mn(2) <4 2.1 56000
2 Shallow Wells P-7R 2006 Q1 | 03/08/2006 7.60 0.50 Mn(3)/Mn(2) 0.89 30000
2 Shallow Wells P-7R 2006 Q2 [ 06/05/2006 7.50 0.52 Mn(3)/Mn(2) 0.8 24000
2 Shallow Wells P-7R 2006 Q3 [09/11/2006 7.40 0.53 Mn(3)/Mn(2) 1.3 47000
2 Shallow Wells P-7R 2006 Q4 [12/12/2006 7.60 0.50 Mn(3)/Mn(2) 1.3 43000
2 Shallow Wells P-7R 2007 Q1 [ 03/05/2007 7.50 0.51 Mn(3)/Mn(2) 1.3 43000
2 Shallow Wells P-7R 2007 Q3 [ 09/04/2007 7.50 0.50 Mn(3)/Mn(2) 2.2 67000
2 Shallow Wells P-7R 2007 Q4 [12/03/2007 7.60 0.49 Mn(3)/Mn(2) 2.2 66000
2 Shallow Wells P-7R 2008 Q1 [ 03/04/2008 7.60 0.49 Mn(3)/Mn(2) 1.8 52000
2 Shallow Wells P-7R 2008 Q2 [ 06/03/2008 7.60 0.48 Mn(3)/Mn(2) 2.1 64000
2 Shallow Wells P-7R 2008 Q3 [09/09/2008 7.60 0.48 Mn(3)/Mn(2) 3.1 110000 <.05 <2
2 Shallow Wells P-7R 2008 Q4 [12/11/2008 7.60 0.48 Mn(3)/Mn(2) 3 95000
2 Shallow Wells P-7R 2009 Q1 [ 03/04/2009 7.60 -0.26 S(6)/5(-2) 3 66000 0.14 <2
2 Shallow Wells P-7R 2009 Q2 | 06/09/2009 7.60 -0.26 S(6)/5(-2) 3.5 110000 0.19 <2
2 Shallow Wells P-7R 2009 Q3 [09/15/2009 7.40 -0.24 S(6)/5(-2) 3.4 110000 0.055 <2
2 Shallow Wells P-7R 2009 Q4 [12/10/2009 7.40 0.51 Mn(3)/Mn(2) 3.1 90000
2 Shallow Wells P-7R 2010 Q1 [03/08/2010 7.50 -0.25 S(6)/5(-2) 2.9 93000 0.13 <2
2 Shallow Wells P-7R 2010 Q2 [ 06/07/2010 7.60 -0.26 S(6)/5(-2) 2.3 78000 0.04 <2
2 Shallow Wells P-7R 2010 Q3 [09/16/2010 7.20 0.54 Mn(3)/Mn(2) 3.8 59600 <.5 <2
2 Shallow Wells P-7R 2010 Q4 [12/08/2010 7.40 0.49 Mn(3)/Mn(2) 4.98 36200 <.5 <2
2 Shallow Wells P-7R 2011 Q1 [03/03/2011 7.40 -0.24 S(6)/5(-2) 4.03 60500 1.7 <2
2 Shallow Wells P-7R 2011 Q2 [ 06/08/2011 7.40 0.53 Mn(3)/Mn(2) 1.57 69200 <.5 <2
2 Shallow Wells P-7R 2011 Q3 [09/06/2011 7.50 0.54 Mn(3)/Mn(2) 0.33 45000 <.05 <2
2 Shallow Wells P-7R 2011 Q4 [12/05/2011 7.30 0.53 Mn(3)/Mn(2) 2.5 44000 <.05 <2
2 Shallow Wells P-7R 2012 Q1 [ 02/27/2012 7.60 0.47 Mn(3)/Mn(2) 3.8 61000 <.05 <2
2 Shallow Wells P-7R 2012 Q3 [ 08/27/2012 7.47 0.48 Mn(3)/Mn(2) 3.4 44000 <.05 <2
2 Shallow Wells P-7R 2013 Q1 [ 02/25/2013 7.29 -0.24 S(6)/5(-2) 4.9 120000 0.051 <2
2 Shallow Wells P-7R 2013 Q3 [ 08/20/2013 7.70 0.46 Mn(3)/Mn(2) 3.9 130000 <.05 <2
2 Shallow Wells P-7R 2014 Q1 [02/25/2014 7.58 0.49 Mn(3)/Mn(2) 3.6 130000 <.05 <2
2 Shallow Wells P-8 2001 Q1 [ 03/07/2001 7.28 0.50 Mn(3)/Mn(2) 5 18000
2 Shallow Wells P-8 2002 Q1 [03/12/2002 7.25 0.53 Mn(3)/Mn(2) 3.7 69000
2 Shallow Wells P-8 2002 Q3 [09/11/2002 7.61 0.48 Mn(3)/Mn(2) 2.1 73000
2 Shallow Wells P-8 2003 Q1 [ 03/01/2003 7.31 0.51 Mn(3)/Mn(2) 4.3 49000
2 Shallow Wells P-8 2003 Q2 | 05/28/2003 7.42 0.49 Mn(3)/Mn(2) <.1 3.8 48000
2 Shallow Wells P-8 2003 Q3 [09/03/2003 7.31 -0.09 Fe(3)/Fe(2) 0.0897 3.87 49000
2 Shallow Wells P-8 2003 Q4 [11/17/2003 7.30 -0.09 Fe(3)/Fe(2) 0.111 4.3 63000
2 Shallow Wells P-8 2004 Q3 [09/13/2004 7.28 0.52 Mn(3)/Mn(2)] <.0088 4.8 69000
2 Shallow Wells P-8R 2004 Q4 [11/30/2004 7.60 0.46 Mn(3)/Mn(2) <.2 6.4 86000
2 Shallow Wells P-8R 2005 Q1 [ 03/01/2005 7.40 0.51 Mn(3)/Mn(2) <1.6 2.9 64000
2 Shallow Wells P-8R 2005 Q2 [ 06/07/2005 7.40 0.53 Mn(3)/Mn(2) <2 1.2 19000
2 Shallow Wells P-8R 2005 Q3 [09/07/2005 7.70 0.47 Mn(3)/Mn(2) <2 1.4 22000
2 Shallow Wells P-8R 2005 Q4 [12/05/2005 7.70 0.47 Mn(3)/Mn(2) <2 1.4 22000
2 Shallow Wells P-8R 2006 Q1 [ 03/08/2006 7.60 0.46 Mn(3)/Mn(2) 5.7 59000
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Appendix B. Aqueous Composition and Calculated Eh Values for Samples Shown in Figures 3-1 and 3-2

Eh Redox Iron Manganese| Sulfate Sulfide Sulfite
Category | Description | Sample | Quarter Date pH (V) Couple (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
2 Shallow Wells P-8R 2006 Q2 [ 06/05/2006 7.50 0.50 Mn(3)/Mn(2) 2.1 50000
2 Shallow Wells P-8R 2006 Q3 [09/11/2006 7.40 0.49 Mn(3)/Mn(2) 5.7 61000
2 Shallow Wells P-8R 2006 Q4 [12/12/2006 7.40 0.50 Mn(3)/Mn(2) 5.1 91000
2 Shallow Wells P-8R 2007 Q1 [ 03/05/2007 7.40 0.49 Mn(3)/Mn(2) 6 54000
2 Shallow Wells P-8R 2007 Q3 [ 09/04/2007 7.50 0.48 Mn(3)/Mn(2) 4.2 61000
2 Shallow Wells P-8R 2007 Q4 [12/03/2007 7.80 0.48 Mn(3)/Mn(2) 0.78 46000
2 Shallow Wells P-8R 2008 Q1 [ 03/04/2008 7.50 0.48 Mn(3)/Mn(2) 6 83000
2 Shallow Wells P-8R 2008 Q2 [ 06/03/2008 7.60 0.46 Mn(3)/Mn(2) 5 71000
2 Shallow Wells P-8R 2008 Q3 [09/09/2008 7.80 0.46 Mn(3)/Mn(2) 1.1 52000 <.05 <2
2 Shallow Wells P-8R 2008 Q4 [12/11/2008 7.50 0.48 Mn(3)/Mn(2) 6.9 98000
2 Shallow Wells P-8R 2009 Q1 [ 03/04/2009 7.50 0.47 Mn(3)/Mn(2) 7.8 97000 <.05 <2
2 Shallow Wells P-8R 2009 Q2 | 06/09/2009 7.70 -0.26 S(6)/5(-2) 5.6 58000 0.045 <2
2 Shallow Wells P-8R 2009 Q3 [09/14/2009 7.80 0.44 Mn(3)/Mn(2) 2.6 51000 <.01 <2
2 Shallow Wells P-8R 2009 Q4 [12/10/2009 7.30 0.51 Mn(3)/Mn(2) 6.2 78000
2 Shallow Wells P-8R 2010 Q1 [03/08/2010 7.40 -0.24 S(6)/5(-2) 5.9 79000 0.025 <2
2 Shallow Wells P-8R 2010 Q3 [09/14/2010 7.20 0.53 Mn(3)/Mn(2) 5.38 52900 <.5 <2
2 Shallow Wells P-8R 2010 Q4 [12/08/2010 7.30 0.50 Mn(3)/Mn(2) 6.36 58300 <.5 <2
2 Shallow Wells P-8R 2011 Q1 [ 03/03/2011 7.40 -0.24 S(6)/5(-2) 6.37 64200 1.7 <2
2 Shallow Wells P-8R 2011 Q2 [ 06/08/2011 7.30 -0.24 S(6)/5(-2) 0.32 79600 2.4 <2
2 Shallow Wells P-8R 2011 Q3 [09/06/2011 7.50 0.52 Mn(3)/Mn(2) 1.1 54000 <.05 <2
2 Shallow Wells P-8R 2011 Q4 [12/05/2011 7.30 0.52 Mn(3)/Mn(2) 4.1 55000 <.05 <2
2 Shallow Wells P-8R 2012 Q1 [02/27/2012 7.50 0.48 Mn(3)/Mn(2) 5.8 82000 <.05 <2
2 Shallow Wells P-8R 2012 Q3 [ 08/27/2012 7.45 0.48 Mn(3)/Mn(2) 4.5 50000 <.05 <2
2 Shallow Wells P-8R 2013 Q1 [02/25/2013 7.19 0.54 Mn(3)/Mn(2) 6.7 98000 <.05 <2
2 Shallow Wells P-8R 2013 Q3 [ 08/20/2013 7.70 0.45 Mn(3)/Mn(2) 5.7 120000 <.05 <2
2 Shallow Wells P-8R 2014 Q1 [02/25/2014 7.55 0.48 Mn(3)/Mn(2) 5.2 110000 <.05 <2
2 Shallow Wells P-9 1999 Q4 | 12/09/1999 7.55 0.52 Mn(3)/Mn(2) 0.71 51000
2 Shallow Wells P-9 2000 Q1 [03/21/2000 7.71 0.49 Mn(3)/Mn(2) 0.79 46000
2 Shallow Wells P-9 2000 Q2 [ 06/20/2000 7.34 0.57 Mn(3)/Mn(2) 0.5 53000
2 Shallow Wells P-9 2000 Q3 [ 09/06/2000 7.58 0.52 Mn(3)/Mn(2) 0.58 44000
2 Shallow Wells P-9 2000 Q4 [12/13/2000 7.58 0.52 Mn(3)/Mn(2) 0.61 51000
2 Shallow Wells P-9 2001 Q1 [ 03/07/2001 7.39 0.51 Mn(3)/Mn(2) 2.5 36000
2 Shallow Wells P-9 2001 Q2 [ 06/01/2001 7.57 0.54 Mn(3)/Mn(2) 0.24 46000
2 Shallow Wells P-9 2001 Q3 [09/05/2001 7.48 0.55 Mn(3)/Mn(2) 0.35 51000
2 Shallow Wells P-9 2001 Q4 [12/01/2001 7.41 0.58 Mn(3)/Mn(2) 0.19 46000
2 Shallow Wells P-9 2002 Q1 [ 03/12/2002 7.43 0.57 Mn(3)/Mn(2) 0.26 47000
2 Shallow Wells P-9 2002 Q2 [ 06/13/2002 7.46 0.54 Mn(3)/Mn(2) 0.58 42000
2 Shallow Wells P-9 2002 Q3 [09/11/2002 7.45 0.52 Mn(3)/Mn(2) 1.1 40000
2 Shallow Wells P-9 2002 Q4 [12/12/2002 7.33 0.56 Mn(3)/Mn(2) 0.76 43000
2 Shallow Wells P-9 2003 Q1 [ 03/01/2003 7.42 0.51 Mn(3)/Mn(2) 2.1 43000
2 Shallow Wells P-9 2003 Q2 [ 05/28/2003 7.57 0.49 Mn(3)/Mn(2) <.1 2.02 47000
2 Shallow Wells P-9 2003 Q3 [ 09/03/2003 7.55 0.48 Mn(3)/Mn(2) <.l 2.37 33000
2 Shallow Wells P-9 2011 Q3 [09/06/2011 7.70 0.54 Mn(3)/Mn(2) 0.12 47000 <.05 <2
2 Shallow Wells P-9 2011 Q4 [12/05/2011 7.60 0.52 Mn(3)/Mn(2) 0.2 6400 <.05 <2
2 Shallow Wells P-9 2012 Q3 [ 08/27/2012 7.62 0.50 Mn(3)/Mn(2) 1 44000 <.05 <2
2 Shallow Wells P-9R 2004 Q4 [11/30/2004 7.50 0.77 0(0)/0(-2) <.2 <.1 31000
2 Shallow Wells P-9R 2005 Q1 [03/01/2005 7.20 0.57 Mn(3)/Mn(2) <.8 0.41 5000
2 Shallow Wells P-9R 2005 Q2 [ 06/07/2005 7.40 0.77 0(0)/0(-2) <2 <1 5800
2 Shallow Wells P-9R 2005 Q3 [09/07/2005 7.40 0.77 0(0)/0(-2) <2 <.5 11000
2 Shallow Wells P-9R 2005 Q4 [12/05/2005 7.40 0.77 0(0)/0(-2) <2 <1 11000
2 Shallow Wells P-9R 2007 Q3 [ 09/04/2007 7.40 0.54 Mn(3)/Mn(2) 0.38 4700
2 Shallow Wells P-9R 2007 Q4 [12/03/2007 7.40 0.54 Mn(3)/Mn(2) 0.35 5300
2 Shallow Wells P-9R 2008 Q1 [ 03/04/2008 7.40 0.55 Mn(3)/Mn(2) 0.24 4700
2 Shallow Wells P-9R 2008 Q2 [ 06/03/2008 7.40 0.54 Mn(3)/Mn(2) 0.38 5000
2 Shallow Wells P-9R 2008 Q3 [09/09/2008 7.40 0.54 Mn(3)/Mn(2) 0.39 5400 <.05 <2
2 Shallow Wells P-9R 2008 Q4 [12/11/2008 7.40 0.55 Mn(3)/Mn(2) 0.31 5300
2 Shallow Wells P-9R 2009 Q1 [ 03/04/2009 7.40 -0.24 S(6)/5(-2) 0.21 4900 0.054 <2
2 Shallow Wells P-9R 2009 Q2 | 06/09/2009 7.30 -0.24 S(6)/S(-2) 0.35 5000 0.018 <2
2 Shallow Wells P-9R 2009 Q3 [09/14/2009 7.20 -0.23 S(6)/5(-2) 0.37 5400 0.014 <2
2 Shallow Wells P-9R 2009 Q4 [12/10/2009 7.20 0.58 Mn(3)/Mn(2) 0.29 5200
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Appendix B. Aqueous Composition and Calculated Eh Values for Samples Shown in Figures 3-1 and 3-2

Eh Redox Iron Manganese| Sulfate Sulfide Sulfite
Category | Description | Sample | Quarter Date pH (V) Couple (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)

2 Shallow Wells P-9R 2010 Q1 [03/08/2010 7.30 0.56 Mn(3)/Mn(2) 0.37 6200 <.01 <2
2 Shallow Wells P-9R 2010 Q2 [ 06/07/2010 7.20 -0.23 S(6)/5(-2) 0.29 5100 0.012 <2
2 Shallow Wells P-9R 2010 Q3 [09/14/2010 7.30 0.56 Mn(3)/Mn(2) 0.422 5250 <.5 <2
2 Shallow Wells P-9R 2010 Q4 [12/08/2010 7.40 0.54 Mn(3)/Mn(2) 0.388 4710 <.5 <2
2 Shallow Wells P-9R 2011 Q1 [03/02/2011 7.40 0.54 Mn(3)/Mn(2) 0.378 5020 <.5 <2
2 Shallow Wells P-9R 2011 Q2 [ 06/08/2011 7.40 -0.24 S(6)/5(-2) 5.94 5610 0.78 <2
2 Shallow Wells P-9R 2011 Q3 [09/06/2011 7.30 0.57 Mn(3)/Mn(2) 0.25 5500 <.05 <2
2 Shallow Wells P-9R 2011 Q4 [12/05/2011 7.10 0.60 Mn(3)/Mn(2) 0.36 6100 <.05 <2
2 Shallow Wells P-9R 2012 Q1 [ 02/27/2012 7.40 0.55 Mn(3)/Mn(2) 0.27 5700 <.05 <2
2 Shallow Wells P-9R 2012 Q3 [ 08/27/2012 7.35 0.55 Mn(3)/Mn(2) 0.34 5200 <.05 <2
2 Shallow Wells P-9R 2013 Q1 [02/25/2013 7.25 -0.23 S(6)/5(-2) 0.31 4700 0.15 <2
2 Shallow Wells P-9R 2013 Q3 [ 08/19/2013 7.56 0.52 Mn(3)/Mn(2) 0.37 6900 <.05 <2
2 Shallow Wells P-9R 2014 Q1 [02/25/2014 7.56 0.53 Mn(3)/Mn(2) 0.22 5100 <.05 <2
3 Deep Wells KMW-7 | 1999 Q4 |12/08/1999 7.49 -0.23 Fe(3)/Fe(2) 2.2 0.52 3500

3 Deep Wells KMW-7 | 2000 Q1 | 03/22/2000 7.37 -0.20 Fe(3)/Fe(2) 1.7 0.49 2400

3 Deep Wells KMW-7 | 2000 Q2 | 06/30/2000 7.53 -0.23 Fe(3)/Fe(2) 1.6 0.45 2500

3 Deep Wells KMW-7 | 2000 Q3 | 09/07/2000 7.32 -0.16 Fe(3)/Fe(2) 0.59 0.45 2500

3 Deep Wells KMW-7 | 2000 Q4 |12/13/2000 7.58 -0.23 Fe(3)/Fe(2) 1.4 0.47 2300

3 Deep Wells KMW-8 | 1999 Q4 |12/08/1999 7.40 -0.21 Fe(3)/Fe(2) 2.1 0.55 1800

3 Deep Wells KMW-8 | 2000 Q1 | 03/23/2000 7.39 -0.20 Fe(3)/Fe(2) 2.2 0.55 4500

3 Deep Wells KMW-8 | 2000 Q2 | 06/21/2000 7.39 -0.20 Fe(3)/Fe(2) 2.3 0.53 5200

3 Deep Wells KMW-8 | 2003 Q3 | 09/05/2003 7.42 0.53 Mn(3)/Mn(2) <.1 0.408 5300

3 Deep Wells KMW-8 | 2003 Q4 |11/18/2003 7.45 -0.17 Fe(3)/Fe(2) 0.554 0.635 8300

3 Deep Wells KMW-8 | 2004 Q1 |03/10/2004 7.68 0.76 0(0)/0(-2) <.5 <.025 7300

3 Deep Wells KMW-8 | 2004 Q2 | 06/17/2004 7.35 0.54 Mn(3)/Mn(2) <.05 0.65 7800

3 Deep Wells [ KMW-8R | 2004 Q4 |12/21/2004 7.60 0.52 Mn(3)/Mn(2) <.2 1.1 110000

3 Deep Wells [ KMW-8R | 2005 Q2 | 06/07/2005 7.50 0.77 0(0)/0(-2) <2 <1 8300

3 Deep Wells [ KMW-8R | 2005 Q4 |12/05/2005 7.50 0.77 0(0)/0(-2) <1 <.5 9600

3 Deep Wells [ KMW-8R | 2007 Q4 |12/03/2007 7.60 0.49 Mn(3)/Mn(2) 0.66 8400

3 Deep Wells [ KMW-8R | 2008 Q4 |12/11/2008 7.60 0.48 Mn(3)/Mn(2) 1.1 9900

3 Deep Wells [ KMW-8R | 2009 Q4 |12/10/2009 7.40 0.55 Mn(3)/Mn(2) 0.3 11000

3 Deep Wells [ KMW-8R | 2010 Q4 |12/08/2010 7.40 0.53 Mn(3)/Mn(2) 0.699 13700

3 Deep Wells | KMW-8R | 2011 Q2 | 06/07/2011 7.20 0.57 Mn(3)/Mn(2) 0.973 20500

3 Deep Wells [ KMW-8R | 2011 Q4 |12/05/2011 7.10 0.60 Mn(3)/Mn(2) 0.52 17000

3 Deep Wells | KMW-8R | 2012 Q1 | 02/24/2012 7.40 0.53 Mn(3)/Mn(2) 0.98 18000

3 Deep Wells | KMW-8R | 2012 Q3 | 08/27/2012 7.20 0.57 Mn(3)/Mn(2) 0.78 17000

3 Deep Wells | KMW-8R | 2013 Q1 |02/25/2013 7.07 0.59 Mn(3)/Mn(2) 0.96 17000

3 Deep Wells [ KMW-8R | 2013 Q3 | 08/19/2013 7.61 0.49 Mn(3)/Mn(2) 0.82 17000

3 Deep Wells [ KMW-8R | 2014 Q1 |02/25/2014 7.33 0.55 Mn(3)/Mn(2) 0.83 18000
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Appendix C. TDS Trend Analysis Results (2003 - Present)

Date Range TDS (mg/L)

Sample1 Minimum Maximum Recent? Minimum Maximum Trend
BG-1D 3/20/2012 | 11/26/2012 1,300 1,300 1,600 No Trend
BG-1M 3/20/2012 | 11/26/2012 1,400 1,400 1,800 No Trend
BG-1S 3/20/2012 | 11/26/2012 1,500 1,500 2,100 Downward
BG-2D 3/21/2012 | 11/26/2012 1,600 1,600 1,800 No Trend
BG-2M 3/21/2012 | 11/26/2012 1,900 1,800 1,900 No Trend
BG-2S 3/21/2012 | 11/26/2012 4,000 3,800 4,500 No Trend
BG-3D 3/21/2012 | 11/27/2012 1,100 1,000 1,100 No Trend
BG-3M 3/21/2012 | 11/27/2012 1,200 1,100 1,200 No Trend
BG-3S 3/21/2012 | 11/27/2012 1,200 1,100 1,200 No Trend
BG-4D 3/20/2012 | 11/27/2012 1,400 1,400 1,500 No Trend
BG-4M 3/20/2012 | 11/27/2012 1,700 1,600 1,700 No Trend
BG-4S 3/20/2012 | 11/27/2012 1,800 1,700 1,800 No Trend
BG-6D 3/21/2012 | 11/27/2012 1,900 1,800 1,900 No Trend
BG-6M 3/21/2012 | 11/27/2012 1,900 1,800 1,900 No Trend
BG-6S 3/21/2012 | 11/27/2012 2,500 2,400 2,600 No Trend

CMW-1D 12/7/2004 2/24/2014 4,192 3,648 4,192 Upward

CMW-1S 12/7/2004 2/24/2014 4,372 4,172 5,800 Downward

CMW-2D 12/7/2004 | 2/24/2014 12,420 8,760 12,420 Upward

CMW-2S 12/7/2004 2/24/2014 8,180 6,750 38,000 No Trend

CMW-3D 12/7/2004 2/24/2014 5,752 5,592 8,900 Downward

CMW-3S 12/7/2004 2/24/2014 10,720 10,720 25,000 Downward

CMW-4D 12/6/2004 | 2/24/2014 1,974 1,454 1,974 Upward

CMW-4S 12/6/2004 2/24/2014 2,384 1,574 2,384 Upward

CMW-5D 12/6/2004 2/24/2014 12,250 7,360 13,000 No Trend

CMW-5S 12/6/2004 2/24/2014 65,700 51,000 71,000 No Trend

CMW-6D 12/6/2004 | 2/24/2014 16,940 16,120 22,000 No Trend

CMW-6S 12/6/2004 2/24/2014 18,260 17,980 30,000 Downward

CMW-7D 12/6/2004 2/24/2014 4,292 3,600 6,072 No Trend

CMW-7S 12/6/2004 2/24/2014 5,256 4,700 7,450 Downward

IMW-16S 3/10/2004 | 2/26/2014 3,784 3,200 14,600 Downward

IMW-2.5D 12/1/2004 2/24/2014 2,602 984 2,830 Upward
IMW-2.5S 3/10/2004 2/24/2014 2,750 1,260 3,500 No Trend

IMW-2D 6/6/2005 2/25/2014 2,180 1,200 2,660 No Trend

IMW-2SR 9/12/2011 | 2/25/2014 3,780 2,652 4,976 No Trend

IMW-3D 12/1/2004 2/27/2014 1,676 1,460 1,800 No Trend

IMW-3S 3/10/2004 2/27/2014 1,774 1,250 4,500 No Trend

KMW-11 3/10/2004 2/25/2014 2,620 1,980 2,850 Upward

KMW-15 3/10/2004 | 2/25/2014 34,900 16,000 58,300 Upward

KMW-19 3/10/2004 2/27/2013 7,020 4,800 26,800 Downward

KMW-1D 12/21/2004 | 2/25/2014 1,712 1,100 6,760 No Trend

KMW-1M 12/21/2004 | 2/25/2014 12,920 1,650 12,920 Upward

KMW-1S 3/10/2004 | 2/25/2014 40,900 26,600 65,500 Downward

KMW-20 6/6/2005 2/25/2014 7,800 5,600 9,040 No Trend

KMW-2D 12/7/2004 2/24/2014 2,834 2,400 2,900 No Trend

KMW-2M 12/7/2004 2/24/2014 2,914 2,500 3,200 Upward

KMW-2S 3/10/2004 | 2/24/2014 2,920 2,500 5,000 No Trend

KMW-8R 12/21/2004 | 2/25/2014 27,760 9,700 29,460 Upward
KMW-9 3/10/2004 2/26/2014 51,500 2,300 69,800 No Trend
MR-1 3/10/2004 5/29/2014 589 298 1,500 Downward
MR-2 3/10/2004 5/28/2014 605 550 4,600 Downward
MR-3 3/10/2004 5/28/2014 605 520 1,300 Downward
MR-4 3/10/2004 5/28/2014 629 510 1,400 No Trend
MR-UP 3/10/2004 5/29/2014 588 450 990 Downward
MW-1 3/10/2004 12/5/2005 27,000 12,600 61,000 No Trend

MW-10R 3/10/2004 9/10/2008 3,400 3,400 23,000 No Trend

MW-10RR 9/12/2011 2/25/2014 15,160 14,500 16,360 No Trend

MW-11M 3/26/2013 2/25/2014 8,530 8,530 9,220 No Trend

MW-11S 3/26/2013 2/25/2014 92,200 74,400 122,600 No Trend

MW-12M 3/26/2013 2/25/2014 14,160 13,570 26,640 No Trend

MW-12S 5/20/2013 2/25/2014 103,000 94,400 118,000 No Trend
MW-13 3/26/2013 2/25/2014 83,000 74,600 96,980 No Trend

MW-14M 3/26/2013 2/25/2014 29,960 28,120 35,800 No Trend

MW-14S 3/26/2013 2/25/2014 88,000 81,000 88,000 No Trend
MW-15 3/26/2013 2/25/2014 11,360 11,360 38,000 No Trend

MW-16M 3/26/2013 2/25/2014 5,272 5,160 6,812 No Trend
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Appendix C. TDS Trend Analysis Results (2003 - Present)

Date Range TDS (mg/L)
Sample1 Minimum Maximum Recent’ Minimum Maximum Trend
MW-16S 3/26/2013 2/25/2014 14,760 13,710 15,660 No Trend
MW-1R 9/4/2007 2/24/2014 3,388 3,388 12,000 Downward
MW-2 3/10/2004 | 12/11/2006 17,000 1,180 24,600 No Trend
MW-2R 9/4/2007 2/25/2014 10,050 8,680 26,000 No Trend
MW-3R 3/10/2004 | 12/13/2010 32,200 12,000 38,000 Upward
MW-3RR 9/12/2011 2/25/2014 33,840 25,700 33,840 Upward
MW-4 3/10/2004 | 2/24/2014 2,270 2,270 5,800 Downward
MW-5 3/10/2004 | 2/25/2014 9,620 1,750 11,210 Upward
MW-6 3/10/2004 | 2/25/2014 2,014 1,700 4,120 Downward
MW-7 3/3/2005 3/4/2008 7,300 5,500 18,000 No Trend
MW-8 3/10/2004 | 2/24/2014 4,304 1,400 4,920 No Trend
MW-9 3/10/2004 | 2/25/2014 10,650 5,000 64,900 Upward
P-10 3/10/2004 | 2/25/2014 50,340 14,400 57,000 No Trend
P-11 3/10/2004 | 2/25/2014 4,580 3,400 5,720 No Trend
P-12 3/10/2004 | 2/26/2014 5,500 3,770 20,900 Downward
P-13 3/10/2004 | 12/12/2006 23,000 2,080 33,700 No Trend
P-13R 9/5/2007 2/26/2014 35,800 18,000 43,000 No Trend
P-14R 3/10/2004 | 2/26/2014 23,020 14,000 24,000 No Trend
P-15A 3/10/2004 | 12/12/2006 1,800 1,100 11,400 No Trend
P-15AR 9/10/2007 2/26/2014 7,840 5,976 13,000 Downward
P-17A 3/10/2004 | 2/25/2014 69,300 15,000 79,000 Upward
P-17B 3/10/2004 | 2/25/2014 83,800 12,000 96,800 Upward
P-18A 3/10/2004 | 3/11/2006 13,000 4,860 23,000 Upward
P-18B 3/2/2005 2/25/2014 9,480 4,400 33,000 Upward
P-19A 3/7/2005 3/5/2009 6,600 5,780 49,000 No Trend
P-19AR 9/7/2011 2/26/2014 6,424 6,072 7,510 No Trend
P-1R 3/10/2004 | 8/27/2012 4,608 2,190 9,100 Upward
P-2 3/10/2004 | 2/25/2014 34,400 33,000 82,000 Downward
P-20A 3/10/2004 | 2/26/2014 7,800 3,350 72,000 No Trend
P-20B 6/17/2004 | 2/26/2014 3,692 2,500 7,700 No Trend
P-21 9/7/2011 2/26/2014 8,020 5,436 8,020 Upward
pP-22 9/8/2011 2/26/2014 12,870 9,640 12,870 Upward
P-3 3/10/2004 | 12/11/2008 50,000 36,000 86,000 No Trend
P-4 3/10/2004 | 2/25/2014 57,800 40,000 85,300 No Trend
P-5R 3/10/2004 | 2/25/2014 47,700 37,000 68,000 Downward
P-6R 3/1/2005 2/25/2014 99,800 40,000 130,000 No Trend
P-7R 11/30/2004 | 2/25/2014 116,800 27,000 174,000 Upward
P-8R 11/30/2004 | 2/25/2014 89,000 10,000 160,000 Upward
P-9R 11/30/2004 | 2/25/2014 8,810 7,700 44,000 No Trend
POND B-1 3/10/2004 6/6/2010 95,000 55,000 430,000 No Trend
Pond B-1 Leachate | 9/15/2010 | 5/28/2014 133,800 64,200 140,400 No Trend
POND B-2 12/6/2007 6/6/2010 140,000 3,700 170,000 No Trend
Pond B-2 Leachate | 9/15/2010 | 5/28/2014 120,800 66,800 124,400 No Trend
POND B-3 3/7/2007 6/6/2010 150,000 72,100 217,000 No Trend
Pond B-3 Leachate | 12/8/2010 | 5/28/2014 86,200 76,600 115,400 No Trend
POND C-1 3/10/2004 | 9/11/2008 300,000 55,600 480,000 Upward
POND C-2 6/24/2004 | 3/11/2010 620,000 65,400 620,000 Upward
POND E-1 3/10/2004 6/6/2010 220,000 55,000 380,000 Upward
Pond E-1 Leachate| 9/15/2010 | 5/28/2014 95,200 29,220 188,000 Downward
POND E-2 3/10/2004 6/6/2010 290,000 84,000 330,000 Upward
Pond E-2 Leachate| 9/15/2010 | 11/20/2013 69,910 69,300 195,000 Downward
POND F 3/10/2004 6/6/2010 40,000 17,000 350,000 Upward
Pond F Effluent 9/15/2010 | 12/12/2011 13,000 8,250 126,000 No Trend
POND G 9/20/2004 | 12/13/2008 82,000 21,000 120,000 No Trend
SGSPR 1/5/2006 5/28/2014 3,360 2,100 7,400 Downward

Footnotes: 1) Samples with inufficient data for trend analysis not included in table
2) Column reports TDS from the most-recent date used in the trend analysis (see Date Range - Maximum)
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