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Executive Summary

The billiongallon spillatthet Sy ySdasSS =+ ffSe || dzii KtthiR00% &8 Qa 06 ¢ = ! ¢
reminded us that unregulated and poorly maintained coal ash ponds are an invitation to

RAal aidSN® lf 0K2dAK fSaa GAaArAof Sy O2yal YAYLl GA
the more serious, lordpsting legacy from decades of mismanagemeBased on a review of

documents obtained through Freedom of Information Act requests, this report shows that
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The inpacted groundwater isow unsafe for human consumption. & polluted groundwater
isalso draining into nearby rivers and streams, presenting a-lerg environmental threat.

The evidence of contamination is substantialt it understates the damage due gaps in data
collection and because TVA stopped monitoring at some sites after initial results indicated high
levels of contamination. No cleanup plans are in place at these sites, as state oversight is
minimal and EPA has yet to set federal standaodguide the monitoring and cleanup of
groundwater at coal ash sites. TWéeds a comprehensive, systamide plan tostrengthen its
groundwater monitoring network and remediate the toxic legacy that coal ash disposal has
created.

CONTAMINATIOM/IDESREAD ANBERSISTEN

Table ES highlights the pollutants that exceed healbased guidelines wells likely to be

affected by coal ash, and peak levels measured over the past five years. Some of the spikes are
sky-high ¢ peak concentrations of arsenicame TVA monitoring well were nearly eight times

above the Safe Drinking Water Act standard, while manganese concentrations in another were
700 times above the health advisory for lifetime exposure. Table &8 shows that the
contamination is widespiad. Arsenic has exceeded the federal drinking water standard in 17
downgradient wells.Boron, cobalt and sulfate have each exceetledlth-basedguidelines in

30or more downgradient TVA wells, while manganese has exceeded its guideline in 56 wells.

The contamination is also persistent. TableZESimmarizes a subset of wells wheneerage
concentratiors of several coal agtollutants exceeded federal healttased over the past five
years. Table EShighlights the following pollutants:

Arsenichas ben linked to cancers of the skin, bladder, kidneys and other organs.
Average concentrations exceeded the Safe Drinking Water Act Maximum Contaminant
Level (MCL) of 10 micrograms per liter at five TVA plants: Allen, Bull Run, Colbert,
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Cumberland Paradisand John Sevier. Three wells at @abertplant in Alabama had
average arsenic concentrations of-88 ug/L, roughly five times the federal MCL. Wells
at the Allen and Bull Runplants in Tennessee were roughly three times the MCL.

Boronmay harm developing fetuses or contribute to testicular atrophy in male children,
GKAOK Ada ¢gKeé 9t!Qa ISIHftGdK ! ROAaA2NE NBO2YYS
milligrams per liter of drinking water for young children. Average boron concentrations
haveSEOSSRSR 9t ! Q& NI OaweYnbnjdriy Rell§ aknihe TVAA Y (KA N
plants. Average concentrations exceeded 10 mg/L, more than three times the health

advisory, in one or more wells at tfigull Run Cumberland andJohn Sevieplants in

Tennesseehe Paradiseand Shawneeplants in Kentucky, and th&idows Creelplant

in Alabama.

Cobaltisassociated with blood disease (polycythemregart diseaseneurological
symptoms, andeproductive toxicity The healthbased screening level for cobalt74.
micrograms per liter, is based on studies showing polycythemia and reduced iodine
uptake in humansAverage cobalt concentrations ih downgradient wells at 9 TVA
plants exceed this level.

Manganeseat high doses can cause neurological, developmeatal, musculeskeletal

AYLI ANY¥SyGao 9t 1 Q& I SFHfGK ! ROA&E2NE NBO2YY
than 0.3 milligrams per liter of drinkingwater CAFTié& ¢Sttt a G GSy 27
have average concentrations above this lewdanganesedvels averaged more than

100 times the health advisory in one or more wells at ltiegstonplant in Tennessee,

the Shawneeand Paradiseplants in Kentucky, and th&/idows Creelplant in Alabama.

Molybdenumhas been linked to gout (painful inflammation of the joints). EPA Health
Advisories are design to limit lifetime exposure to 40 micrograms per liter, but six TVA

sites report average molybdenum concentrations at least twice that level. One well at

the Shawneesite in Kentucky averaged 556 micrograms, or nearly 14 times the limit,
GKAES | aay3atsS al YL S ({Uohh Seyiepariighoved ¢St € |
molybdenum at 2,200 micrograms (no further samples were taken after that).

Sulfateconcentrationsabove 500 mg/L in drinking water can cause diarrhea, and the
EPA established a drinking water advisory at this l@vptotect infants, who are more
sensitive to water loss caused by diarrhea. Average sulfate concentrations exceed this
level in 27 downgdient wells at 8 TVA plants.

Much of the contamination is slowly moving toward local rivers. Although this reduces the
immediate threat to local residents who drink groundwater, it is a small comfort; in these cases



the aquifers are rendered indefinitelynavailable for future residential use while local aquatic
environments are forced to absorb an additional burden of bioaccumulative and toxic metals.

5hbQ¢ ! {YS 5hbQ¢ ¢9[[Y ahbL¢hwLbD D!/t{Z ahbl

While TVA has an extensive network of moriiig wells at some of its plants, it does not

regularly collect data for some of the most important pollutants, including those most

indicative of coal ash pollution. For reasons unclear, TVA also chose to stop monitoring many
contaminated wells, includonones measured under a voluntary program promoted by the
industry trade association after the Kingston spllable ES summarizes instances in which

TVA has reported evidence of contamination and either stopped measuring coal ash indicators
or stoppedmonitoring wells altogetherFor example:

1 TVA has stopped monitoring many contaminated wells. Wells P2 and P3Aitehe
plant in Tennessee showed unsafe levels of arsenic and manganese in 2008, but have
not been monitored since then. Another example is well 21 atGha#atinplant in
Tennessee, which showed consistently unsafe concentrations of cadmium, cobalt,
manganesemercury, and sulfate when TVA stopped sampling it in 2011. TVA collected
one round of sampling data from new impoundment wells at Bragadiseplant in
Kentucky in 2011, and despite finding unsafe concentrations of arsenic, boron, cobalt,
manganese, andther pollutants, stopped monitoring seven of these welaradise
well10p> |0 GKS aAGSQa o20dG2Y |aK LRYRaxz KIR
Advisory, cobalt at 80 times the Regional Screening Level, and manganese at 200 times
the Lifetime Heah Advisory when TVA stopped monitoring this well.

1 Inthe wells that TVA continues to monitor, it routinely fails to measure pollutants
known to be associated with coal ash. For example, TVA stopped medsonamy
chloride, manganese, molybdenum, sttmm, sulfate, and TDS in the voluntary
monitoring wells at most of its plants after one round of sampling in 2011. TVA also
frequently omits these pollutants from the wells that are monitored pursuant to state
requirements. For example, TVA did not maasthese pollutants at th&ull Runplant
in 2011 or 2012. This is troubling for two reasons: Not only are these pollutants
associated with coal ash leachate, they have also been found at high concentrations in
downgradientTVAwells. Voluntary wellstaAllen (TN),Johnsonville(TN),ParadisgKY),
andWidows CreelAL) all had high concentrations of boron and other pollutants when
TVA stopped measuring these pollutants.

1 TVA s not monitoring all coal ash disposal areas. This is particularly troenafoaed
ash areas, including the abandoned ash pond atAhen plant, the east/west dredge



cellattheBull Runplantz ' YR G KS | 6 y R 3ofirSdRvillgplai@llin ! ¢ | {
Tennessee)

TVA WARNED OF RISKS AT SOME SITES

alye 2F REIAIQAANTAKIZYAGA | NB o6dzAfd 20SNIJ all NRGE
dissolved fractures and cavities. TVA has long known that building on this kind of terrain

creates the risk of sinkholewhich allow leachate mixed with solid waste to drain, uerféd

and unattenuated, into local groundwater and surface watéor example, before building Ash

Pond 4 at the Colbert plant in Alabama, TVA knew¢heid 8 dZRRSy O2ft f I LJasS 27F |
the soil layer overlying theavernous limestone could occéirAs predicted, the pond bottom

collapsed in 1984 and the pond had to be abandoned; this was one of several sinkholes at the
Colbert site over the past 30 years.

Karst has also created problems at Gallatin, where TVA built the active ash pond complex ove
more than 100 known sinkholes, and at Kingston, where TVA recently built a new gypsum
disposal facility over an area with known sinkholes, allowing gypsum slurry to drain into the
Clinch River just a few years after the massive dredge cell collapse sarte plant It was
irresponsiblefor TVAto dispose of ash on karathen itknew of the risk involvedand it is
particularly irresponsible to continue the practice after the risk has been repeatedly realized

STATE ACTION: TOO LITTLE, TOO LATE

TVAhas frequently abandoned old ash ponds with little or no oversight from the states. For
example, Tennessee still considers the abandoned ash pond at the Allen Fossil Plant to be
exempt from solid waste laws because it has a Clean Water Act pededpite the fact that it

has been inactive for over 20 years. As a result, TVA does not monitor the groundwater around
the abandoned pond and the public has no way of knowing whether the area poses a threat to
local water resources. The abandoned ash pondhatGallatin plant, as described in this

report, is leaching dangerously high concentrations of many pollutants into groundwater
immediately conected to the Cumberland River.

RECOMMENDATISN

TVA is currently in the process of phasing out its ash ponds and replacing them with landfills.
This is a step in the right direction. Unfortunately, the process is not scheduled to be complete
until 2021, and there is no guarantee thatvill be compléed on schedule, if at all. More
importantly, the contamination caused by existing ponds and landfills has proven to be chronic
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and persistent; without clean closure of these disposal areas, the threat to local aquifers and
ecosystems will continue longtd the future. Finally, the data show that 0 f £ SR & RNE
flryRFATfae KI@S faz2z fSF{SR Ayd2 3ANRdzyRgl G SNE
for any new landfills.

In order to minimize ongoing degradation of groundwater aquifers, and tottdeili
remediation, TVA shouldnplement a fleetwide groundwater protection plan. As part of that
plan, TVA should:

1) Resume monitoring contaminated wells, including wells P2 and P3 at the Allen plant,
wells around the Colbert coal yard drainage basin, @@R at Cumberland, well 21 at
Gallatin, wells around Area 1 at Johnsonville, and all ash pond wells at Paradise and
Widows Creek. TVA should also continue to monitor wells B6 and B8 at Johnsonville.

2) Monitor the right contaminants. Coal ash indicatorsluding boron, chloride,
manganese, sulfate, and TDS should be mesistoutinely and in every well

3) Contain the problem. TVA should complete a full characterization of the ongoing
impacts from coal ash disposal, including discharges to sensitive aguatigstems,
and immediately limit the contamination plumes.

4) Develop a fleewide cleanup plan with opportunities for public review and comment.
Every contaminated aquifer beneath TVA ash ponds and landfills should be returned to
background condition in eeasonable amount of time.

There are also steps that TVA can take outside of a groundwater protectionAanbegins

the process of moving beyond wet ash disposal, TVA must close its ash ponds in a way that
protects groundwater and surface water, amiist make the closure process transparent and
enforceable through proper solid waste permittingnd for many reason, coal ash
contamination among theml'VA should accelerate gannedtransition away from coal and
toward cleaner forms of energy.

Lastbut not least in order to ensure that TVA and other utilities bring their coal ash disposal
practices into the modern age, EPA must finalize its coal ash disposal regulations, and in those
regulations must require rigoroudosure and postlosure requiements, clearup

requirements, andyroundwater protections.



Table EQ. Summary of pollutantand wells withmaximumconcentrationsabovehealth-based
guidelines between 2008 and 2013.

Number of down
Pollutant Hea!thpased gradier_1tTVA\_/veII_s Maximum
guideliné® exceeding guideline concentration
Aluminum 16 mg/L 4 125 mg/L
Antimony 6 ug/L 5 59 ug/L
Arsenic 10 ug/L 17 135 ug/L
Beryllium 4 ug/L 2 25 ug/L
Boron 3 mg/L 35 38 mg/L
Cadmium 5 ug/L 4 8 ug/L
Cobalt 4.7 ug/L 35 370 ug/L
Lead 15 ug/L 2 160 ug/L
Lithium 31 ug/L 4 200 ug/L
Manganese 0.3 mg/L 56 220 mg/L
Mercury 2 ug/L 1 3 ug/L
Molybdenum 40 ug/L 19 2,200 ug/L
Nickel 100 ug/L 6 250 ug/L
Selenium 50 ug/L 2 412 ug/L
Strontium 9.3 mg/L 1 10 mg/L
Sulfate 500 mg/L 31 6,300 mg/L
Vanadium 63 ug/L 2 200 ug/L

! For the purposes of this table, wells were not counted if boron was consistently below 1 mg/L and sulfate was
consistently below 150 mg/L, and pollutants were not counted as exceedances if the mean concentration for that
well was below the mean concentiah for the relevant upgradient well (see section 13 for more detailfull
presentation of this analysis is shown in Table31& this report.

“See Table-1 in the Introduction for a detailed explanation of these values.
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Table EQ. Summary of groundwater wells in which 2a@Bl3averageconcentrations of selected

pollutants exceeded healthased guideline3.Table shows mean or range of means for each well or set

of wells.
Manga Molybd-
Arsenic Boron Cobalt g y Sulfate
PRI wo) | (mol) | (gl nese enum | mgiL)
g g g (ugll) | (uglL) ¢
Healthbased guideline 10 3 4.7 0.3 40 500
# wells 1
Allen
Mean(s) 28.4
# wells 1 2 2 2 2 4
Bull Run
Mean(s) 27.5 3.6-15.3 | 10.3-49.1| 6.7-9.7 76-605 | 745-1786
# wells 3 3 1 4 7
Colbert
Mean(s)| 47.8-68.8| 3.3-4.4 10.0 0.4-1.2 45-160
# wells 1 4 4 6 1 2
Cumberland
Mean(s) 11.6 56-349 | 5.1-140 1.2-16.5 469 776-1313
) # wells 4 4 5 5
Gallatin
Mean(s) 3.5-5.7 | 14.7-197| 0.4-20.2 893-4088
] # wells 2 3 1 3
John Sevier
Mean(s) 5.0-13.3 2.6-4.1 2200 835-1337
) # wells 5 4 6 3
Johnsonville
Mean(s) 3.5-9.9 | 16.0-52.3| 1.1-20.0 780-1028
) # wells 2 5 1
Kingston
Mean(s) 7.2-959 | 1.0-176 2967
) # wells 1 4 5 6 4
Paradise
Mean(s) 18.0 3.2-24 5.9-370 | 1.4-61.0 590-1900
# wells 7 2 8 1 2
Shawnee 1061-
Mean(s) 5.0-19.8 | 11.1-35.2| 0.9-66.4 559
1230
] # wells 1 1 5 3
Widows Creek
Mean(s) 13.0 20.4 1.2-32.0 550-1100

% This analysis was limited the pollutants shown (other pollutants, not shown, also exceeded hdzded
guidelines), was limited to wells in which half or more of available sample results exceedediesadth

guidelines, and was limited to wells likely to be affected by ccfél a® 8 SS WNB & G NA Ol SR
of the report). A full presentation of this analysis is shown in Tabl df3his report.

FyFfeana
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Table ES3 (page 1 of 2) Wells and pollutants dropped from monitoring network piés evidence of
contamination.

Site Wells Groundwater quality issues Monitoring gaps

Allen P2 and P3 Unsafe levels dadirsenic and Not monitored since 2008
manganese in 2002008.

Bull Run Wells 1651 Arsenic 2231 ug/L in well 162 Coal ash indicators not measure

and 1052 during 20132013; manganese since first round of sampling in
exceeded LHA in both wells in 201| 2011
Well S Insufficient data Thiswell was installed in 2011,
but coal ash indicators were
never measured
Colbert Wells around | Very high aluminum, cadmium, Abandoned in 1999
coal yard manganese (up to 99 mg/L) and
drainage sulfate in the 19804.990s (see
basin Colbert chapter)

Cumberland| Well 932 Higharsenic, boron (upto38mg/LY ¢ +! G NBLX I OSR¢
cobalt, manganese {8 mg/L), new well, 932R, screened in a
molybdenum, and sulfate during | different geologic layer (see
2009-2011. Cumberland chapter)

Wells 101 Highcobalt (up to 150 ug/L) and Coal ash indicators not measure
and 102 manganese (up to 17 gfL). since 2011.

Gallatin Well 21 Very high cobalt (up to 330 ug/L) | Not monitored since 2011. This
and manganese (up to 18 mg/L); | well may be affected by sources
unsafelevels of cadmium, mercury,| of pollution other than coal ash
nickel, strontium and sulfate (see Gallatin chapter)

Wells 19R, 20| Very high cobalt downgradient of | TDEC suspended cobalt
and 26 abandoned ash pond monitoring and reporting
requirementsin 2011

John Sevier| Wells 1036 Unsafe levels ahanganeseno Coal ash indicators not measure

and 1037 molybdenum data since first round of sampling in

2011
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Table ES3 (page 2 of 2) Wells and pollutants dropped from monitoring network despitelewice of
contaminations

Site Wells Groundwater quality issues Monitoring gaps
Johnsonville| Six wells Very high concentrations of many | Not monitored since 1994
around Area 1 | pollutants in the 1990s (see
Johnsonville chapter)
Areas 2 & 3 High boron (up to 6.3 mg/L) and | Coal ash indicators not
(ash island) manganese (up to 20 mg/L) in 201 measured since first round of
unsafelevels of other pollutants sampling in 2011
Wells B6 and | Very high boron (up to 12 mg/L), | TDEC and TVA agreed to stop
B8 cobalt, manganese, and sulfafgee | monitoring these wells
Johnsonville chapter)
Paradise Wells 101 and | Very high boron (124 mg/L); Coal ash indicators not
10-2 (scrubber | unsafe levels ofobalt, manganese, measured since firsound of
sludge pond) | and sulfate sampling in 2011
Wells 103 Very high cobalt (370 ug/L) and All seven wells were sampled
through 169 manganese (61 mg/L) in well-8Q | once, in June 2011, but not
(ash ponds) higharsenic, boron, cobalt and sincethen
other pollutants in other wells
Widows Wells 1648 Unsafe levels dboron, manganese,| Coal ash indicators not
Creek through 1652 | and sulfate measured since first sample

date in 2011; wells @8
through 1052 not sampled at
all since 2011

*TVA and TDEC agreed to abandon contaminated wells B6 and B8 in 2012 on the grounds that these wells may be

showing the effect of the natural shale bedrock. Since then, a new upgradientstralened well has been

installed and shows much lower naturally occurring concentrations. It is not clear whether TVA and TDEC are still

planning to abandon these wellsegs Johnsonville chapter).
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1 Introduction

The Tennessee Valley Authority (TVA) operates eleven coal plants in Alabama, Kentucky, and
Tennessee. These plants create a range of environmental impacts, inajueernhouse gas

emissions, local air pollution, water pollution, and in some cases physical destruction of,homes
infrastructure,and ecosystems, as happened with the collapse of the coal ash dredge cell at

¢+! Qa YAy3Jadzy LIXIyldo tKS 9Y@GANRYYSyYyiGlf LydsS
¢+! Q& 3ISYSNIf Sy diNRy YBhis tepoft wilkfocldimré mowlit @3S NI £
recent groundwater monitoring data from the TVA coal plants. The data discussed in this
NBLZ2NIO Of SINIe&e akKz2g GKFG GKS 3INRBdzyRgl SN | NP dz
This does not always mean that there are legal violations, eweln many cases existing

state regulations do not address the most prevalent pollutants, like boron and manganese.

Where pollutants do exceed regulatory thresholds, state regulations typically provide for

extended monitoring, allowing the contaminatiém continue unabated. In many cases, TVA

and the states simply fail to measure the pollutants that they should expect to be present,

avoiding the problem altogether. This report will therefore emphasize gaps in the monitoring
networks and groundwater cplity database, and identify ways in which known groundwater
contamination has failed to trigger regulatory responses.

1.1 Background

Some of the source material, technical concepts, and terminology used in this report are
described here for ease of ready:

1 Units of measurement The concentration of a chemical in water is usually described as
the mass of that chemical per volume of water; units are typically either milligrams per
fAGSNI 0YIK[ O 2NJ YAONRINI Y& LISNAL.fChémEdNg o0 >3k [
that exist at relatively high concentrations, like chlorides, are easier to report in units of
mg/L. Chemicals found at lower concentrations, like arsenic, are easier to report using
units of ug/L. Alternatively, some people report contations as the mass of a
OKSYAOFf LISNI YIFaa 2F 4l GSNE dzadzr t €& Ay dzyA
OAT A2y e 0 LlLJveshwvater fveigfisd &g, bne Ppi is SoNal B dhe mg/L,
and one ppb is equal to one ug/L.

1 Aquifers and wells Aquifers are permeable layers of soil or bedrock that contain
groundwater. In many cases the TVA plants have two or more discreet aquifers beneath

®See, e.g.EIPOUTSIDE THRW: RESTORINACCOUNTABILITY TO TEENESSBALLEYAUTHORIT{Dec. 2009); EIP and
Earthjustice OUT OFCONTROLMOUNTINGDAMAGES FROBDALASHWASTESTESFeb. 24, 2010); EIP, Earthjustice, and
the Sierra CludN HARM3WAY. LACKOF FEDERACOALASHREGULATIONSNDANGERAMERICANS AND THENY/IRONMENT
(Aug. 26, 2010); EIRSKYBUSINESSOALASHTHREATENSMERIC@ GROUNDWATHRESOURCES 2 MORESTEYDec. 12,
2011).
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them, either in artificial fill, in alluvialeposits or in the bedrock. Wells are often drilled

through2 Yy S 2NJ Y2NB | ljdzZA FSNBE X odzi GKS 2LISy LI NI

NEAGNRAOGSR (2 | &ALISOAFAO RSLIWKO® I ¢St
drawing water from that aquifer.

Background or upgradient wellsMost groundwater analysecompare wells that may

be contaminated to wells from the same aquifer that are expected tarfected by

w

aa

coalash Theeg St £t & I NB 2FiSy RSAONAOGSR L a aol O 3N

are selected based on the assumed direction of groundwioar: Wells may be
downgradient (picture downstream or downhill) of an ash disposal areairapdcted

or threatened bycontamination, or they may be upgradient, and theoretically drawing
from groundwater that has not yet encountered the disposal ardawever, some

wells described as upgradiebased on location cabe affected by coal ash

contamination because of the mounding of the water table beneath the disposal.areas
These wells should not be considered background wells.

Groundwater mounding When water from permeable ash disposal areas percolates
Ayid2 GKS dzyRSNI @Ay3a az2iaftsx Ad OFy |FFSO0
elevation, in the water tablé. In these situations, the groundwater will often exhibit

radial flow, meaninghat the groundwater moves away from the disposal areas in all
directions. We know that mounding is occurring at some areas (Ash Pond 4 at Colbert,
for example), and it may be occurring at others areas. Where a groundwater mound
exists, a well that appeato be locatedupgradient, especially if it is immediately

adjacent to a disposal area, may in fact be contamindethe coal ash disposal area
Karst geology Many of the TVA plants are located over soluble limestone bedrock.
When this kind of bedrdcbecomes weathered by water, leaving dissolved spaces

§KNRdzAK2dzi GKS &2t AR YIFIGNRES Ad A& {y26y

3N

1FN&BG Fa aSEGNBYSte @dz ySNIotS (2 O2yiGl YAY

a Ay 1 K ZtieSanseguencasf sinkhole formation can be serious. For example, as
described in this report, a 2010 sinkhole in the gypsum disposal area at the Kingston
Fossil Plant allowed gypsum waste with high concentrations of selenium (measured at
up to 412 ug/L in groundwaterells) to drain into the alreadfragile Clinch Rivét.This

gl & 2yS 2F StS@Sy 1y26y ARNRBLIRJ2I&¢ Ay (KS

®See, e.g.TVAGallatin Fossil Plant Ash Impoundment Groundwater Monitoring Répaft Yy @ HamMo 0O 06 ¢ KS i
flows from the facility would be expected to radiate out laterally from each side of the ash pond, since impounded
waters would likely mound up over ambient wate@& f & ® £ 0 @

"U.S. Geological Survey, What is Kaistp;//water.usgs.gov/ogw/karst/pages/whatiskarst

® See, e.g.TVAKingston Fossil PlagtGyspum Disposal AregGroundwater Quality A®ssment PlatMay 6,

2011).
°1d.
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f Coal ash indicator® ¢CKS ! ®{d 9t! Qa LINRLIRASR NX3IdzZ I {;
pollutants that might servas early indicators of coal ash pollution during detection
monitoring. These include boron, chloride, sulfate, and Total Dissolved Solid${TDS).
The proposed EPA rule also includes a larger list of pollutants to be monitored in
Gl &dasSaaySy i nc¥deearly hdidatgrdshowa problem. The assessment
monitoring list includes most of the metals discussed in this report (e.g., arsenic,
manganese, and seleniurt).Like EPA, TVA has also recognized that aluminum, arsenic,
boron, manganese, strontiunsulfate, and TDS are useful coal ash indicatofBhese
pollutants, and in particular boron, manganese, and sulfate, are regularly elevated
relative to upgradient or background wells at TVA plants, and frequently much higher
than healthbased advisoriesFigures 11 ¢ 1-3 below depict a typical set of data, in this
case for the abandoned ash pond at the Gallatin plant.

Figure 11: Boron concentrations (mg/L) in wells around the abandoned ash pond at the Gallatin Fossil
Plant. Hollow data points amondetects.
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9SeeU.S. EPA eproposed Subtitle D coal ash regulations, 75 Fed. Reg. 35128, 35253 (June 21, 2010).

1d. The full list includes aluminum, antimony, arsenic, barium, beryllium, boron, cadmium, chloride, chromium,

copper, fluoride, iron, lead, manganese, mercury, molybdenum, pH, selenium, sulfate, thallium, and TDS.

23ee, e.g.TVAColbert Fossil Plant Groundwater Assessienp M 6 h Ol @ mphpno dadlt GAy3I GKI
are considered to be indicatorsofcdald K f S OKF 0SS Ay 3INRBdzyRgl GSNE |yR GKFG |
be associated with ash leachate); id. at 52 (stating that boron, molybdenum, and strontium are often considered to

be indicators of ash leachate); T\@roundwater Monitoring Repog Allen Fossil Plaptat 2 (Aug. 22, 2008)
OARSYUGATFE@AY3d I NESYAOS 02NRYy:X |yR adzZ FI4S +ta alFakK fSI OKI
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Figure 12: Manganese concentrations (mg/L) in wells around the abandoned ash pond at the Gallatin
Fossil Plant. Hollow data points are nondetects.
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Figure 13: Sulfate concentrations (mg/L) in wells around the abandoned ash pond attlaiGGFossil
Plant. Hollow data points are nondetects.
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1 Groundwater standards State and federal agencies use a variety of standards to
evaluate groundwater quality data. Some are heddtfsed, while others are based on
statistical assessments of hasical data from a site:

o Maximum Contaminant Levels (MCLSs) are federal, legally enforceable limits on
pollutants in public watesupplies'® These are the criteria most commonly used
by state agencies to evaluate groundwater quality. There are at teast
problems with using MCLs. First, the U.S. EPA has not derived MCLs for several
of the pollutants associated with coal ash, including boron, cobalt, and
manganese. Second, MCLs are not purely hdzded. Instead they are set as
close to healthbasal goals as feasible after considering treatment technology
and cost:* The MCL for arsenic, for example (10 ug/L), was set at a level
deemed to be feasible for water treatment faciliti&s A purely healtkbased
value would be much lowé?.

0 Secondary MCUSMCLs). The U.S. EPA has derived SMCLs for a short list of
pollutants including sulfate and manganesmssed on aesthetic endpoints like
odor, taste, or color. These pollutants may also have other, héaltied
standards.

0 Health Advisories (DWAs, LHAsSd CHAs). The U.S. EPA also publishes
unenforceable recommendations for drinking water quality in the form of Health
Advisories’ These are set at levels that are not expected to cause adverse non
cancer health effects generally (Drinking Water Adwes)r in adults exposed
over a lifetime (Lifetime Health Advisories), or in children exposed-idr days
(Child Health Advisories).

o Regional Screening Levels (RSLs). Regional Screening Leusishateealth
based guidelinepintly published by threé&PA regions to assist in the
investigation of potential superfund sité&. These numbers are updatedore
often than MCLs and Health Advisorid3SLs cover a range of exposure routes;
this report uses the RSLs for tapwater.

¥ SeeU.S. EPA, National Primary Drinking Water Regulations,
E‘ttp://www.epa.qov/safewater/consumer/pdf/mcl.pdf
Id.
®U.S. EPA, National Primary Drinking Water Regulations; Arsenic and Clarifications to Compliance and New Source
Contaminants Monitoring, 66 FR 6976.
'®Since arsenic is a carcinogen, the Maximum Contaminant Leaéisxzero. The Regional Screening Level for
arsenic, which assumes some level of acceptable risk, is 0.045 ug/L.
"SeeU.S. EPA, 2012 Edition of the Drinking Water Standards and Health Advisories (Apr. 2012),
http://water.epa.gov/action/advisories/drinking/upload/dwstandards2012.pdf
®Seed d{ ® 9t ! s wSIA2YyIf {ONBSyAy3d ¢tofSa ! aSND& DdzARS oal
http://www.epa.gov/reg3hwmd/risk/human/rbconcentration_table/usersquide.htm
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0 Upper Prediction Limits (UPLs$tates sometimes establish sgpecific
groundwater standards based on a statistical analysis of local groundwater data.
Ly GKA&a ¢gle& adlraSa OFry SadrofAiak | Wy2N.
making it possible to identify any changes over tinegardless of the health
implications. If a state is interested in analyzing how groundwater quality in
each well changes over time, it will use historical data from each well to set the
UPL, often at the 95percentile of the data from a-gear period. These are
known asntrawell UPLs If a state is instead interested in whether groundwater
in some wells differs from normal groundwater quality for a site, it will derive
the UPL from data for a referencenaffected well; these are known agterwell
UPLs

1.2 Methods

Sources of informationWe chose to focus on recent groundwater data in order to characterize
ongoing groundwater quality issues. The exact range of dates varies by site due to differences
in data availability, but this report generally focuses on the past four years {@2@3@nt). The

data in the report were drawn from several sources.

1 The largest source of data is the reports that TVA submits to the three state agencies
2 @S NE S S koAlPlantsxThedabama Department of Environmental Management
(ADEM), the Kentucky Department for Environmental Protection (KDEP), and the
Tennessee Department of Environmental Conservation (TDEC). EIP requested these
reports, and the laboratory datahat they were based on, from TVA through Freedom of
Information Act (FOIA) requests. We assume that TVA is not generating more data than
it provided.

T ! aSO2yR &a2dzNOS 2F RIOGF A& ¢+x! Qa @2f dzy il NEB
TVA began collectinthese data in 2011 as part of a voluntary agreement through an
industry association known as the Utility Solid Waste Activities Group (USW&@¥e
RFGF FNB RSAONAOGSR Ay 2dzNJ NSLER2NI & -a){2!D
required reportirg and USWAG voluntary monitoring, but in most cases the USWAG
wells were installed exclusively for the voluntary program. The USWAG wells are
generally sampled for a smaller subset of pollutants than the stedgiired wells. EIP
obtained these data fronTVA through FOIA requests.

1 EIP also consulted a series of detailed geotechnical investigations conducted for TVA by
Stantec Consulting Services in 2009 and 2010; these reports included helpful surveys of

¥ TVA Office of the Inspector Genetlaly & LISOG A2y wSLENIY ¢+! Q& DNRdzyRgl G SNJ az
Products Disposal Area$213 (June 21, 2011).
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historical ash management practices at each sité igentified some ongoing issues
with seepage and structural stability.

1 Finally, although this report is focused on current groundwater quality issues, we
referred to historical documents for each site to help us identify legacy contamination
that is nolonger being monitored.

Pollutants discussed in this repartTVA measures different sets of pollutants at every coal

plant. We chose to present these data in a uniform way using an inclusive list of pollutants.
The list (and format) shown in Table liged throughout the report. This is not, however, an
exhaustive list. For example, some wells have been monitored for parameters like chemical
oxygen demand, iron, magnesium, and pH. The pollutants discussed in this report include
those that were mosbften measured at most of the TVA plants. As described above, several of
these, including boron, manganese, and sulfate, serve as useful indicators of coal ash
contamination. Our list also includes lithium; although this is only actively measured atiColb
TVA has identified it as another possible coal ash leachate indCator.

Each of these pollutants is associated with multiple health and environmental impacts. The
human health effects have been most thoroughly researched, and are summarizedarl-ab

More detailed information on each pollutant can be found in the Environmental Protection

1 38y 0eQa LydS3aNI (S RIRIGHHsufportidgtdiemMdfdr BravRighal Peed (i S Y
Reviewed Toxicity Valuésand other support documents andin Toxicological Profiles

published by the Agency for Toxic Siaipses and Disease RegistAT SDR}

Comparison values used in this reporChoosing a set of benchmark values for eatithg
groundwater data is difficult process. Each candidate set oferia answers a different

guestion. MCLs generally indicate whether groundwater is safe to drink. More precisely, MCLs
indicate whether groundwater meets standards set for municipal drinking water, and only for
certain chemicals. Drinking water adviges and RSLs also indicate whether groundwater is

safe to drink, and they cover most of the chemicals associated with coal ash, but they are not
widely used as groundwater protection standards. Interwell UPLs indicate whether
groundwater in a downgradigrmwell is significantly different from background groundwater for

a site. Intrawell UPLs indicate whether groundwater quality in a well has changed over time.
The state agencies overseeing TVA operations have used a combination of the above, and not in
avery coherent or helpful way (see discussion section of this report).

2 SeeTVAAn Evaluation of the Impacts of the Gallatin Fly Ash Pond to Groundwater RestGrp&sg. 1989)
(naming lithium and boron as good coal ash leachate indicators).

# http://www.epa.gov/IRIS/

%2 http://hhpprtv.ornl.gov/quickview/pprtv_papers.php

% http://water.epa.gov/drink/standards/hascience.cfm

2 http://www.atsdr.cdc.gov/toxprofiles/index.asp
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Although the question of whether downgradient groundwater quality is different from
background is significant, we chose not to emphasizesgtific statistical analyses for three
reasons: First, we wanted a uniform set of criteria against which to compare all eleven TVA
plants; second, TVA only compiles statistics for some pollutants at some plants, rarely including
key coal ash indicators; finally, not every designated backgrounggradient well is

necessarily representative of background conditions, especially in locations where groundwater
mounding has caused radial flow away from ash disposal areas.

This report therefore uses healbased criteria as benchmarks. We beggndentifying MCLs,

the most widelyused, peeireviewed values available. For pollutants without MCLs, we next

G0 dzZNy SR (i 2 -based a@visoriés S Fhésa Were available for boron, manganese,
molybdenum, nickel, silver, sulfate, and zinc. For patitsavithout MCLs or drinking water
advisories, including aluminum, cobalt, lithium, strontium, and vanadium, we used RSLs.

Finally, for the remaining pollutants (chloride and TDS) we used Secondary MCLs. The full set of
health-based criteria used in thieport is shown in Table-1.

There a few caveats regarding this list:

1 First, the list is not purely healbased. As described above, some of the MCLs are set
at levels that may be unsafe to drink. Moreover, the cumulative effect of multiple
pollutants, including carcinogens and neurotoxins, is not captured by cheinyeal
chemical analyses. So it would be incorrect to say that groundwater below all of the
ONRGSNRAI A& Wal FSoQ hy GKS 20KSNJ KIyRXZ Al
criteria, other than those for chloride and TDSysafe.

1 Second, water below the criteria may still be unusable, as judged against U.S. EPA
Secondary MCLs. The SMCLs for aluminum, copper, fluoride, manganese, and sulfate,
based on aesthetic effects likeste, odor, and color, are all lower than the healihsed
criteria used in our report. Some of the groundwater near the TVA sites may therefore
taste or smell bad, or stain sinks and clothing, without being flagged in this report as
exceeding any criteria

f CAylffes RSaLAGS GKS FIFOG GKIFG YdzOK 2F GKS
plants ends up in local rivers and streams, there are no readily useful criteria against
which to evaluate this risk This may be the single largest unaddressed issue in the
1y26ft SR3IS o614aS NBIFTNRAYI ¢+! Q& INBdzyRg Il SN

% Although there are ecological criteria for surface water, including U.S. Department of Energy Preliminary
Remediatbn Goals for Ecological Endpoints (Aug. 199#)fate and transport of pollutants through groundwater
to surface water must be modeled before these criteria can be appli&A has not, to our knowledge, done this.
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1.3 Structure of the report

The remainder of the report includes eleven sections describing each of the eleven coal plants.
Each section inclwet a brief description of the plant and its ash disposal history, a description
of the groundwater monitoring network, a discussion of monitoring results from recent years,
and a summary of data gaps and, where applicable, instances \alvarable data idicate that

the states have failed to address a known problem. Each section also includes a map of the
disposal areas and wells. We did not find comprehensive maps for any of the eleven sites, so
we generated our own maps using multiple sources of infidtom. The locations of disposal

areas and wells are roughly accurate, but not precise.

Finally, each section includes a summary of the groundwater data in tabular form following the
format shown in Table-1 below.5 I (i  NB LJ2 NIi SR | [ibelow detectidn BkS O2 y & A
the given detection limit. Where multiple detection limits have been reported, the highest

detection limit is shown. Ranges reflect minimum and maximum concentrations over given

periods of time. A highlighted row indicates that@llptant exceeded its criterion one or more

of the sampling dates. Chloride and TDS, with criteria that are not hba#tad, are not

highlighted when they exceed their respective critebata are presented as a range of values

for each pollutant, andaws are highlighted where pollutants exceeds their respective health

based criterig®

The report concludes with a discussion of the overall state of groundwater, and groundwater
monitoring, at the eleven TVA sites.

%8 Since the chloride and TRBteriaare not healthbased, these rows are never highlighted.
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Table 11: Polluants andhealth-based’ criteriaused in this report

Chemical Principal Health Effecté Criterion value Criterion type
Aluminum Neurotoxicity 16,000 ug/L Regional Screening Lev
Antimony Reduced lifespan 6 ug/L MCL
Arsenic Cancer 10 ug/L MCL
Barium Kidneytoxicity 2,000 ug/L MCL
Beryllium Intestinal toxicity 4 ug/L MCL
Boron Developmentabnd testiculartoxicity 3,000 ug/L Child Health Advisory
Cadmium Kidney disease 5 ug/L MCL
Chloride 250 mg/L Secondary MCL
Chromium Blood disease /ancer” 100 ug/L MCL
Cobalt Blood disease 4.7 ug/L Regional Screening Lev
Copper Gastrointestinal symptoms 1,300 ug/L Action Level
Fluoride Adverse changes in bonasd teeth 4,000 ug/L MCL
Lead Neurotoxicity;Probable carcinogen 15 ug/L Action Levef
Lithium Various and uncertain 31 ug/L Regional Screening Lev
Manganese Neurotoxicity 300 ug/L Lifetime Health Advisory
Mercury Neurotoxicity 2 ug/L MCL
Molybdenum Goutlike symptoms 40 ug/L Lifetime Health Advisory
Nickel Reduced body weight 100 ug/L Lifetime Health Advisory
Nitrate Blue baby syndrome 10,000 ug/L MCL
Selenium Hair and nail loss 50 ug/L MCL
Silver Skindiscoloration 100 ug/L Lifetime Health Advisory
Strontium Bone toxicity 9,300 ug/L Regional Screening Lev
Sulfate Diarrhea 500 mg/L Drinking Water Advisory
TDS 500 mg/L Secondary MCL
Thallium Neurotoxicity and hair loss 2 ug/L MCL
Vanadium Variousand uncertain 63 ug/L Regional Screening Lev
Zinc Changes in blood chemistry 2,000 ug/L Lifetime Health Advisory

“The Secondary MCLs for chloride and TDS are not Headid, but are instead based on aesthetic effects.
These are both indicators of coal ash pollution, however, and are therefore tabulated with the other pollutants.
8 The effects listed here are thossed to establish chronic oral exposure guidelines and advisories.
# SeeCalifornia EPA, Public Health Goal for Hexavalent Chromium in Drinking Water (July 2011),

http://www.oehha.ca.@mv/water/phg/pdf/Cr6PHG072911.pdf

Vi p{d 9t! 4! OGAaAzy [SOStaé¢ F2NI O2LIISNI YR fSIFR I NB Sy¥F2I1
published with, MCLsSeeNational Primary Drinking Water Regulations, Subpa€oéntrol of Lead and Cppr, 40

CFR § 141.8& seq
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1.4 Acronyms

ADEM
ATSDR
CHA
DWA
EIP
EPA
FGD
FOIA
GWPS
IRIS
KDEP
LHA
MCL
OIG
RGA
RSL
SMCL
TDEC
TDS
TVA
ucb
UPL

USWAG

Alabama Department of Environmental Management
Agency for Toxic Substances and Disease Registry
ChildHealth Advisory

Drinking Water Advisory

Environmental Integrity Project

U.S. Environmental Protection Agency

Flue Gas Desulfurization

Freedom of Information Act

Groundwater Protection Standard

Integrated Riskniformation System

Kentucky Department for Environmental Protection
Lifetime Health Advisory

Maximum Contaminant Level

TVA Office of the Inspector General

Regional Groundwater Aquifer; an aquifer beneath the Shawnee Fosgil Pla
Regional Screening Level

Secondary Maximum Contaminant Level

Tennessee Department of Environment & Conservation
Total Dissolved Solids

Tennessee Valley Authority

Upper Consolidated Deposits; an aquifer beneath the Skawrossil Plant
Upper Prediction Limit

Utility Solid Waste Activities Group
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2 Allen Fossil Plant

Background

The Allen Fossil Plant is located on the south shore of Lake McKellar outside of Memphis, TN.
¢+! KFa 06SSy 2 LISokluiits sinde tHe l95E.y Theoriginkl Hsh fond, located
west of the site, was deactivated and pumped dry in 1892 chemical treatment pond was

built inside the northeast corner of the abandoned ash pdhdhe active ash pond was
commissioned in 187 and expanded in 1978.The plant and the ash ponds rest on a mix of
alluvial deposits, both naturally occurring and artificialhfilled.>*

Monitoring

Figure2-1 shows the approximate locations of the groundwater wells discussed below. Until
2010, the well network at Allen consisted of wells P1 through P5, which surround the main
plant and the active ash pond. These wells were historically monitored every &ve ge a
voluntary basis. The 2010 USWAG voluntary monitoring plan added well P6, located between
the center of the active ash pond and Lake McKellar, and otherwise continued to monitor
existing wells P1, P4, and P5. TVA apparently stopped monitoritggR2eand P3 in 2008. The
current monitoring program consists of voluntary monitoring of wells P1, P4, P5, and P6.

Il OO2NRAY3 (G2 ¢! Qa ANRBdzyRglF SN Y2YA(G2NARAY I NBLI]
between the alluvial aquifer beneath Allen and the agjaicLake McKellat)l y R a o 8 K S
LINBR2YAYLFY(G Ft2¢ 2F 3INP dzy Ridovevd NekeNedelsisamatimbsR & [ |
rise above the local groundwater table and reverse the direction of flow. The groundwater

levels measured for the February 2008 sanqutection, for example, showed groundwater

movement away from the lak¥.

l aARS FTNRBY (GKS y20l060fS akK2NIF3IS 2F 3INRBdAzyRgl GS
3l LJAzZé GKS 6A33S&d LINRPoftSY G 'Sy AatodKS | N
Lake McKellar. Unsafe concentrations of arsenic have been detected in three wells along the

lake shore. Wells P2 and P3 are located at the northwest and northeast corners of the main

% Stantec Consulting Services, Iieport of Phase 1 Facility Assessnte@bal Combustion Product
Impoundments and Disposal Facilite8ppendix B, Allen Fossil Plant, West Ash pageé 1 (June 24, 2009).
32
Id. at 3.
®d. at Appendix B, Allen Fossil Plant, East Ash Pond and Dredge Cell, page 1.
*d. at Appendix B, Phase 1 Plant Summary, page 2.
% TVAGroundwater Monitoring Repogt Allen Fossil PlartFebruary 2006 ! dz3® HHS HAANy O 6 & DNR dzy
measured at Allefluctuate with changes in McKellar Lake levels, driven by changes in Mississippi River elevation,
GKAOK adzaasSad | adNRy3a 02YYdzyAOFiA2y 06SiGé6SSy IANRdzyRg ! G
36
Id.
¥1d. at 5.
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plant (see Fig.-2). The data we have on file, collected in 202006, and 2008, show
concentrations above and below the current MCL of 10 ug/L. TVA has recognized this as an
ongoing historical problem and attributed it to the abandoned ash pond:

Since 1988, groundwater sampling results at all Allen wells have peddu
detectable and consistent levels of arsenic, with well P2 typically being above the
new MCL [10 ug/L]. Two of the last fivedninual sampling events have shown

P3 with arsenic levels at or above the MCL . . . The source of arsenic is potentially
dueto ash leachate from the inactive West Ash Pond. Elevated levels of ash
leachate analytes boron and sulfate detected in adjacent well P2 indicate
probable ash impoundment releases and migration. Concentrations of arsenic,
boron, and sulfate are historittg higher than the background (well P1) data.
Significantly higher levels of these ash leachate indicators and total dissolved
solids were measured from 1988 to 2000, indicating an active period of
contaminant transmissiort:

Well P6 was installed in 20 and sampled seven times between February 2011 and
February 2013. Arsenic concentrations in this well have been consistently higher than
the MCL of 10 ug/L, fluctuating between 15 and 43 ug/L. Boron, TVA recognizes as an
indicator of coal ash leachaféhas also been present at elevated and unsafe levels in
this well.

Data Gaps

1. Infrequent and discontinued samplindrior to 2010, wells were only monitored
biannually and on a voluntary basis. Wells P2 and P3, which showed elevated and
unsafe level®f arsenic, have not been monitored since 2008.

2. Inadequate well network Groundwater mounding is suspected at both the
inactive and the active ash ponds, and as noted above, general groundwater flows at
Allen sometimes reverse and flow away from theer. In other words, groundwater
flows are dynamic and inconsistent. The existing well network is not capable of
characterizing this situation, a fact that TVA acknowledged in its 2008 groundwater
NBLEZ2NIY G¢KS | aK L}R2YyRa loyuge ralialigrSuddwatef floddzy RY Sy G a
away from their impoundments that cannot be adequately characterized with the
SEA&aGAYT 45ttt ySis2z2N] d¢

A more egregious problem is the fact that the abandoned ash porftestieely
unmonitored (see Fig.-2), with all wel situated east of the pond and no wells closer

¥ TVAGroundwater Monitoring Reporg Allen Fossil Plarg February 2008at 2 (Aug. 22, 2008).
39

Id.
“1d. at 5.
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than 200 meters (the USWAG plan calls for wells within 150 meters of ever§pond
Although TVA admitted that it needs at least one new well downgradient of the inactive
ash pond*?it has not yet installed sth a well.

Failure to regulate

Groundwater monitoring at Allen is strictly voluntary, whinlpracticemeans that TVA has no
obligation to report exceedances to TDEC. As the OIG report observed,

Elevated levels of boron and sulfate indicated probask impoundment

releases and migration. Concentrations of arsenic, boron, and sulfate in that
well have been historically higher than the background d#tecording to TVA
personnel, these levels have not been reported to TDEC because the testing was
not required*®

¢59/ Kla Fflrafe FIAESR G2 NBIdzZA IS ' ffSyQa
G OGABS LISNA2R 2F 02y il YA yYrAfdbrdinghlTghaesskalawh 2 v £
ash ponds are regulated by the Water Division as long&g dre actively treating waste, but

must be regulated as landfills when they become inactiveandfill regulations include

significant groundwater monitoring and a process that leads to corrective action when
contamination reaches certain levéfsAlley Q& Ayl OGABS | aK LRYR 61 &
these regulations should have been applied over twenty years ago. Proper regulation would
have provided a full picture of the contamination leaching from the pond, and perhaps

corrective action. Instead weave a very small amount of information from one barely

relevant well; what we know may only be the tip of the iceberg. Although environmental

*' See, e.g.URSTVA Gallatin Fossil PlanPreliminary Ash Pond Closure Plan (RevisiqiP@pared for TVA
Appendix B page 4 (Sep. 25, 2012).

Zidp G T 6da2 A Kolry duyiellande medsurds,BAllen Fossil Plant will likely be subject to
required monitoring of groundwater surrounding the two onsite ash impoundments. This will likely necessitate
installation of two additional wells, including . . . a new doveignt well for the inactive West Ash Pond.

LJ

“TVA Office of the Inspector Genetialy’ 8 LISOG A2y wSLR2NIY ¢+! Qa4 DNRdzyRél G SNJI as

Products Disposal Areas (June 21, 2011) (emphasis added).
*TVAGroundwater Monitoring Reporg AllenFossil Plant February 2008at 2 (Aug. 22, 2008).
**SeeTenn. Code. Ann. § 6B11-106; Letter from Paul Sloan, TDEC Deputy Commissioner, to Josh Galperin,

Southern Alliance for Clean Energy, and Kimberly Wilson, Environmental Integrity Project, 3 Gept nmn 0 o0 4! a

previously indicated, TDEC regulates solid waste disposal units under solid waste rules foundCdtQ26dd
wastewater treatment units under NPDES permitting rules found at 12005. The Division of Solid Waste is the
lead agency fordlid waste disposal units containing CCMiat would include impoundments formerly used for
wastewater treatment that contain CCW and no longer provide treatment or discharge process waséewater
(emphasis added); Letter from Robert J. Martineau, Jr., TdB@nissioner, to Joshua Galperin, Southern Alliance

F2NJ /€SIy 9ySNHE O!LIN® HOX HAMHU OAGLYRAZAGNALFE FyR Ydzy i
FNB y20 adzo2S00 (2 az2tAR g1 aidsS LISNYAGGAghaAterddaEnéns &3 a X2 KSy

dzy AG G2 | az2tAR 6FadsS YIrylFr3aSYSyid dzyAidz 20SNBAIKG oAt

*®SeeTenn. Comp. Rules & Regs. 1-PA607-.04(7).
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groups asked TDEC to regulate the abandoned ash pond in*26818; were told that the
current Clean Water Agtermit for the plant exempted it from any landfill requirements, a
statement that is plainly inconsistent with the ld%.

*" Seel_etter from Angela Garrone, Southern Alliance for Clean Energy, to Robert JMartineau Jr., TDEC
Commissioner (Sep. 10, 2012).

*® See id Letter from Pat Flood, Director of TDEC Division of Solid Waste Management, to Angela Garrone,
Southern Alliance for Clean Energy (Dec. 6, 2012).
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Figure2-1: Groundwater wells at Allen Fossil Plant (approximate locations)
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Table2-1: Allen Fossil Plant, Well PSampled 8 times between March 2004 and February

2013.
Chemical Threshold Data Data gaps
Aluminum 16,000 <200 Limited data since 2008
Antimony 6 <3
Arsenic 10 1.0¢2.1
Barium 2,000 450¢ 600
Beryllium 4 <2
Boron 3,000 <200 Limited data since 2008
Cadmium 5 <0.5
Chloride 250 mg/L 1.4¢ 2.3 mg/L Limited data since 2008
Chromium 100 <0.5¢ 2.2
Cobalt 4.7 <1 No data since 8/2011
Copper 1,300 <10 No data since 8/2011
Fluoride 4,000 180¢ 300
Lead 15 <1
Lithium 31 No data
Manganese 300 590¢ 780 Limited data since 2008
Mercury 2 <0.2
Molybdenum 40 <20 Limited data since 2008
Nickel 100 <1¢2.9
Nitrate 10,000 <100
Selenium 50 <1
Silver 100 <10
Strontium 9,300 471¢ 620 Limited data since 2008
Sulfate 500 mg/L 5¢ 43 mg/L Limited data since 2008
TDS 500 mg/L 480¢ 600 mg/L Limited data since 2008
Thallium 2 <2
Vanadium 63 <10 No data since 8/2011
Zinc 2,000 <10¢ 23 No data since 8/2011

29

Table2-2: Allen Fossil Plant, Well PBampled 3 times between March 2004 and February

2008.No data since 2008

Chemical Threshold Data Data gaps
Aluminum 16,000 <200
Antimony 6 <3
Arsenic 10 8.1¢14
Barium 2,000 160-320
Beryllium 4 <2
Boron 3,000 <200¢ 500
Cadmium 5 <0.5
Chloride 250 mg/L 17¢ 25 mg/L
Chromium 100 <0.1¢ 1.0
Cobalt 4.7 <1
Copper 1,300 <10
Fluoride 4,000 180¢ 220
Lead 15 <1
Lithium 31 No data
Manganese 300 560¢ 930
Mercury 2 <0.2
Molybdenum 40 <20
Nickel 100 <1¢l.7
Nitrate 10,000 <10¢ 110
Selenium 50 <1
Silver 100 <10
Strontium 9,300 240-460
Sulfate 500 mg/L 52¢ 85 mg/L
TDS 500 mg/L 340¢ 620 mg/L
Thallium 2 <2
Vanadium 63 <10
Zinc 2,000 <10




Table2-3: Allen Fossil Plant, Well PSampled 3 times between March 2004 and February

2008.No data since 2008

Chemical Threshold Data Data gaps
Aluminum 16,000 <50¢ 120
Antimony 6 <3
Arsenic 10 3.6¢13
Barium 2,000 190¢ 500
Beryllium 4 <2
Boron 3,000 <200
Cadmium 5 <0.5
Chloride 250 mg/L 14¢ 19 mg/L
Chromium 100 <1
Cobalt 4.7 <1
Copper 1,300 <10
Fluoride 4,000 110¢ 190
Lead 15 <1
Lithium 31 No data
Manganese 300 370¢ 1,400
Mercury 2 <0.2
Molybdenum 40 <20
Nickel 100 <1¢1l.5
Nitrate 10,000 <100
Selenium 50 <1
Silver 100 <10
Strontium 9,300 <100
Sulfate 500 mg/L 42 66 mg/L
TDS 500 mg/L 245¢ 450 mg/L
Thallium 2 <2
Vanadium 63 <10
Zinc 2,000 <10
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Table2-4: Allen Fossil Plant, Well P&ampled 8 times between March 2004 and February

2013.
Chemical Threshold Data Data gaps
Aluminum 16,000 <200 Limited data since 2008
Antimony 6 <3
Arsenic 10 1.8¢5.7
Barium 2,000 51¢ 195
Beryllium 4 <2
Boron 3,000 <200¢ 300 Limited datasince 2008
Cadmium 5 <0.5
Chloride 250 mg/L 8.6¢ 61 mg/L Limited data since 2008
Chromium 100 <1¢4.2
Cobalt 4.7 <1 No data since 8/2011
Copper 1,300 <10 No data since 8/2011
Fluoride 4,000 110¢ 390
Lead 15 <1
Lithium 31 No data
Manganese 300 610¢ 880 Limited data since 2008
Mercury 2 <0.2
Molybdenum 40 <20 Limited data since 2008
Nickel 100 <1¢4.1
Nitrate 10,000 <10¢ 260
Selenium 50 <1
Silver 100 <10
Strontium 9,300 90-160 Limited data since 2008
Sulfate 500 mg/L 28¢ 58 mg/L Limited data since 2008
TDS 500 mg/L 160¢ 300 mg/L Limited data since 2008
Thallium 2 <2
Vanadium 63 <10 No data since 8/2011
Zinc 2,000 <10 No data since 8/2011




Table2-5: Allen Fossil Plant, Well PSampled 8 times between March 2004 and February

Table2-6: Allen Fossil Plant, Well P&ampled 6 times between February 2011 and February

2013.
Chemical Threshold Data Data gaps
Aluminum 16,000 <200 Limited data since 2008
Antimony 6 <3
Arsenic 10 2.7¢4.5
Barium 2,000 255¢ 2,400°
Beryllium 4 <2
Boron 3,000 220¢ 300 Limiteddata since 2008
Cadmium 5 <0.5
Chloride 250 mg/L 15¢ 23 mg/L Limited data since 2008
Chromium 100 <1¢8.9
Cobalt 4.7 <1 No data since 8/2011
Copper 1,300 <10 No data since 8/2011
Fluoride 4,000 150¢ 200
Lead 15 <1
Lithium 31 No data
Manganese 300 470¢ 710 Limited data since 2008
Mercury 2 <0.2
Molybdenum 40 <20 Limited data since 2008
Nickel 100 <1¢9.9
Nitrate 10,000 <100
Selenium 50 <1
Silver 100 <10
Strontium 9,300 150¢ 260 Limited data since 2008
Sulfate 500 mg/L 23¢ 51 ug/L Limited data since 2008
TDS 500 mg/L 200¢ 305 mg/L Limited data since 2008
Thallium 2 <2
Vanadium 63 <10 No data since 8/2011
Zinc 2,000 <10¢ 13 No data since 8/2011

2013%
Chemical | Threshold Data Data gaps
Aluminum 16,000 <100¢ 190 Limited data
Antimony 6 <1
Arsenic 10 15¢ 43
Barium 2,000 220¢ 490
Beryllium 4 <2
Boron 3,000 500¢ 2,100
Cadmium 5 <0.5
Chloride 250 mg/L 13¢ 14 mg/L
Chromium 100 <1¢4.4
Cobalt 4.7 <1
Copper 1,300 <1¢l.1
Fluoride 4,000 <100¢ 330
Lead 15 <1
Lithium 31 No data
Manganese 300 580¢ 870
Mercury 2 <0.2
Molybdenum 40 3.8¢4.0 Limited data
Nickel 100 1.3¢4.4
Nitrate 10,000 <100¢ 180
Selenium 50 <1
Silver 100 <0.5
Strontium 9,300 270¢ 620 Limited data
Sulfate 500 mg/L 44.¢ 89 mg/L
TDS 500 mg/L 270¢ 510 mg/L
Thallium 2 <1
Vanadium 63 <2
Zinc 2,000 <10¢ 24

9 Although TVA reported a barium concentratioin2,400 mg/L in well P5 in

February 2013, above the MCL of 2,000 mg/L, there are several reasons to suspect
laboratory error. First, this is the only instance, at least in the data that we have

on file, that barium in a TVA well has exceeded the MCtonBehistorical data

for well P5 never exceeded 500 mg/L. Finally, data for the other pollutants
measured in well P5 were consistent with historical data for that well.

SOArsenic was measured 7 times: 2/2011, 4/2011, 8/2011, 11/2011, 1/2012, 8/2012, and

2/2013.




3 Bull Run Fossil Plant

Background

The Bull Run Fossil Plant is located at the confluence of the Clinch River and Bull Run Creek
outside of Oak Ridge, TN. TVA has been operating a single large unit at Bull Run since 1967.
The original complex of ponds alpthe Clinch River has changed significantly over time. The
area now known as Bottom Ash Area 1 was originally a fly ash pond; TVA filled it with bottom
ash in 1985, and has been stacking bottom ash in the area sincé&'tthmea 2A, Ash Pond 2,

and the $lling Pond were originally one large ash pond that TVA started using in"19te

stilling pond was separated from the rest of the pond in 1976. Area 2A was separated from the
rest of the pond in 1981. TVA disposed of wet fly ash in Area 2A und) &8 disposed of

dry bottom ash there until 2004, and ultimately converted it to a gypsum disposal area in 2006
2008. Ash Pond 2 is now used as a fly ash settling pond, and also receives discharges from the
coal yard runoff and metal cleaning ponds anerflow from the gypsum area (2A). The Dry

Fly Ash Stack (landfill) has been in operation since>982/A used the East/West Dredge Cell
for dredged fly ash disposal from 1981 to 1995; it is currently inactive.

Monitoring

There are currently 12 wellmonitoring groundwater at Bull Run. Four wells surround the Dry

Fly Ash Landfill, five wells monitor the gypsum and ash landfills along the Clinch River, and three
wells, installed in 2010 as part of the USWAG voluntary monitoring plan, are locatedtsong

edges of the ash ponds (see fig6). Well 45R, a downgradient well at the Dry Fly Ash

Landfill, replaced well 45 in 2009. Note that the upgradient well at the Dry Fly Ash Landfill is
gStft aLé 6SeS0yY gKAES (KSYRAMENI RASYaHS©BSE dmdbd
groundwater data from 2002012.

Wells around the Dry Fly Ash Landfill show a clear pattern efedated contamination. Since
2008, boron concentrations in downgradient well 45R have been much higher than the
coneentrations in upgradient well | (consistently <200 ug/L), higher than the Child Health
Advisory of 300 ug/L (see F&l), and increasing. The same patterevwient with

molybdenum (Fig3-2). Manganese and sulfate concentrations in wells 45 and 45R &lso
been higher than background and higher than upgradient concentrations. Despite the clear

°L Stantec Consulting Services, Ifeport of Phase 1 Facility Assessment, Tenngappendix C, Bull Run Fossil
Plant, Bottom Ash Disposal Area, page 1 (June 24, 2009).

%2|d. at Fly Ash pond Area 2, page 1.

*3|d. at Dry Flay Ash Stack, page 1.

*|d. at East/West Dredge Cell, page 1.
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evidence of a problem, and despite the fact that boron and molybdenum concentrations were
getting progressively worse in well 45R, all four of these polistarere dropped from

monitoring in 2010. TVA measured these pollutants again in May 2013, and results show that
the levels of boron and molybdenum continteeincrease

Wells downgradient of the gypsum and ash landfills along the river (we{$0y ako show

evidence of contamination, including unsafe concentrations of cobalt, manganese,

molybdenum, and sulfate. All wells have consistently shown unsafe levels of manganese.
Manganese concentrations in upgradient well 1, however, are even higher tiose in

downgradient wells, suggesting a natural or rraade source other than the landfills. Cobalt
concentrations in dwngradient well 48 (see Fig:33 were high enough to warrant an

investigation by TVA in 2009. That investigation came to the uisétis y 3 O2 y Of dza A 2 v
FyR 2NJ 3eLladzy £ SFHOKIFGS YlIeé y2i 068 “Gikfct &2 dNDS
is quite likely that the ash landfill is the cause of the probtedowngradient wells have higher

cobalt concentrations than the gpadient well, and the concentrations of cobalt in ash samples
(mean of 64 mg/kg) were much higher than concentrations in soil samples (meanscdf2.0

mg/kg)>® Although cobalt concentrations in wells 47 and 48 have declined since 2008, they
remain unsafe.

Well 49 shows clear evidence of increasing contamination. TVA omitted manganese, strontium,
sulfate, and TDS from monitoring in 202012, but results fron2013 confirm they have all

been increasing with a consistent pattern: Fig8+ plots the increase of each pollutant

relative to its concentration in February 2008, and it shows that all of these pollutants have
been increasing in parallel. Cobalt, elinhas been consistently monitored over this period, fits

the same pattern. Other pollutants have not been increasing but nevertheless reflect ongoing
contamination: Boron concentrations have been stable at concentrationg @3 mg/L)

much higher tha background (<0.2 mg/L). Molybdenum concentrations in well 49 have been
declining over this period, from 700 to 410 ug/L, but remain 10 times higher than the Lifetime
Health Advisory of 40 ug/L.

Groundwater around the ash ponds has only recently beenitam®d, and not always for the
full range of pollutants. The limited data show arsenic above the MCL in well 52 in addition to
manganese concentrations slightly above the lifetime health advisory in wells 51 and 52.

*>TVABUIl Run Fossil Plant Gypsum/GAsh Landfill Cobalt Investigation Rep@tt. 2, 2009).
*®1d. Cobalt concentrations from gypsum samples were nondetect (<0.5 mg/kg), suggesting that the ash, and not
the gypsum, is the source of the cobalt.
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Figure3-1: Boron concentrations (ug/li) wells around the Bull Run Fossil Plant Dry Fly Ash Landfill
(hollow data points are nondetect at <200 ug/L).
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Figure3-2: Molybdenum concentrations (ug/L) in wells around the Bull Run Fossil Plant Dry Fly Ash
Landfill (hollow data points are nondeteat <2 or <5 ug/L).
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Figure3-3: Cobalt concentrations (ug/L) in wells around the Bull Run Fossil Plant Gypsum and Fly Ash
Landfill (hollow data points are nondetect at <1 or <10 ug/L).
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Figure3-4: Increase of selected pollutants in Well.4BheY axis reflects the ratio of the concentration
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shows that all of these pollutants roughly tripled in concentration between 2008 and 2013.
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Data Gaps

1. Discontinued monitoring of coal ash indicaters ¢ +! Qa 3INRdzy Rgl 4§ SNI NB

TVA and TDEC deliberately dropped most coal ash indicators from monitoring in recent years.
Aluminum, boron, chloride, manganese, molybdenum, strantigulfate, and TDS were all
dropped from sitewide monitoring after May 2010, aside from one initial round of sampling at
two of the three ash pond wells in May 2011. TVA measured these pollutants again in 2013,
but only in some wells. This lack of ntoning is troubling for two reasons; not only are these
pollutants associated with coal ash leachaitehey are also found at high concentrations in
downgradient wells at Bull Run, and in the case of boron and molybdenum in well 45R, have
been steadily ineasing.

2. Unmonitored areas The East/West Dredge Cell is unmonitored. We do not have
historical data for this area on file, and there is no way of knowing the extent of any
contamination.

3. Shifting groundwater protection standard#\lthough not sictly a data gap, the
inconsistent selection of Groundwater Protection Standards (GWPSSs) for cobalt obscures the
contamination at the gypsum landfill. Tal3el, below, lists the various GWPSs that have been
applied to the two Bull Run landfill area®ag) with the Upper Prediction Intervals (UPLS) used
as the upper bound on assumed background concentrations. GWPSs have ranged from 4.7 to
55, they have been alternately healbased (Regional Screening Levels) and backgrbasdd
(UPLs), and they havarely been consistent between landfills. Moreover, they have not
always been applieq TVA stopped comparing cobalt to any standards in 2011. This shifting
benchmark means that cobalt, which has consistently exceeded the Headttd Regional
Screening ével in well 48, is not routinely flagged as an issue in the groundwater reports. TDEC
has the authority to require TVA to apply a strict groundwater protection standard, and it has
occasionally done so. It should, in the future, routinely require T\Wemaonstrate compliance
with the cobalt Regional Screening Level of 4.7 ug/L.

1t may be the case that TVA is measuring more than they report; our conclusions are based on what was
provided to us in public record requests.
See, e.g.U.S. EPA guroposed Subtitle D coal ash regulations, whichuld have made boron, chloride, sulfate,

FYR ¢5{3% IY2y3 20KSNAX GRSGSOGAZ2Y Y2yAlG2NAYy3I¢ LI NI¥ YS
al

YIy3alrySasSs Y2f @o0RSydzyz adzZ FIFH4SzZ yR ¢5{ FY2y3 gKS
35253 (June 21, 2010%ee alsd@ VA Groundwater Monitoring Repod Allen Fossil Plarg February 2008at 2
(Aug. 22, 2008) (identifying boron and sulfatedat & K £ S OKI G4S FylFf e iSade
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Table3-1: Regional Screening Levels (R3Usper Prediction Limits (UPLaphd Groundwater Protection
Standards (GWPSSs) for cobalt at the two Bull Run landfills over time. Empty cells reflect groundwater
reports that failed to identify RSLs, UPLs, or GWPSs.

Date RSL Dry fly ash landfill Gypsum area 2A
UPL(ug/L) | GWPSug/L) UPL(ug/L) GWPSug/L)

Feb. 2008 - No report on file - -
May 2008 - 22%° - - -
Nov. 2008 - 22 - No report on file
May 2009 - 22 - 37% 37
Nov. 2009 11 22 - 35 35
Feb. 2010 11 22 22 No report on file
May 2010 11 22 22 55 55
Nov. 2010 11 10° 11 53 53
May 2011 11 10 11 28.5 11%
Nov. 2011 4.7 10 4.7 44.7 -
May 2012 - - - - -
Nov. 2012 - 10 - No report on file
May 2013 - 10 - 38.4 \ -

Failure to regulate

As described above, TVA and TDEC have routinely omitted coal ash indicators from
groundwater monitoring, and have stopped comparing cobalt to any kind of regulatory
standard. These could not have been arbitrary decisions. Boron, cobalt, manganese,
molybdenum, and sulfate had all been observed at unsafe concentrations in one or more on
site wells. Rather than dealing with known contamination, however, TVA and TDEC chose to
ignore the problenfor two years and leave the source of the problem in place.

% Although this report generally used intrawell UPLs, TVA desdiife$ 0206l G !t [ 2F HH dzaAk[ |
equal to 9¢ percentile of TVAvalleg A RS INR dzy Ré | (i S NI Bub Rua BHossh Mty Dnary ash¢ + | =
Disposal Facility Groundwater Monitoring Reppkay 2008 3 (June 25, 2008).

% calculated on an interwell basis; this value represents the upper confidence limit on data from background well

1 between August 2006 and the date of each report.

%1 Based on data from background well I, June 2@@ate of report.

“getattheRSLIevell 0 G KS NBIljdzS&aid 27F ¢5 9 Bull RUB Bodzlil Plan2Qyps@n@dalAsl K S & A
Landfill Groundwater Assessment Monitoring Regdvtay 2011 3 (June 24, 2011).
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Figure3-6: Groundwater wells at Bull Run Fossil Plant (approximate locations)
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Table3-2: Bull Run Fossil Plant, Well 1. Sampled 5 times between May 2011 and May

Table3-3: Bull Run Fossil Plant, Well 2. Sampled 5 times between May 2011 and May

2013.
Chemical Threshold Data Data gaps
Aluminum 16,000 2,000 No data sincé&/2011
Antimony 6 <1
Arsenic 10 <5
Barium 2,000 69¢81
Beryllium 4 <1
Boron 3,000 <200 No data since 5/2011
Cadmium 5 <0.5
Chloride 250 mg/L 3.3 mg/L No data since 5/2011
Chromium 100 <2¢4.4
Cobalt 4.7 <1¢1l.5 No data since 5/2012
Copper 1,300 <2¢2.4 No data since 5/2012
Fluoride 4,000 <100 No data prior to 5/2012
Lead 15 <1¢1l.6
Lithium 31 No data
Manganese 300 400 No data since 5/2011
Mercury 2 <0.2
Molybdenum 40 9 No data since 5/2011
Nickel 100 1.9¢6.0
Nitrate 10,000 <100
Selenium 50 <1
Silver 100 <1
Strontium 9,300 110 No data since 5/2011
Sulfate 500 mg/L 11 mg/L No data since 5/2011
TDS 500 mg/L 310 mg/L No data since 5/2011
Thallium 2 <1
Vanadium 63 <2¢4.4 No data since 11/2011
Zinc 2,000 <10¢ 10 No data since 11/2011

2013.
Chemical Threshold Data Data gaps
Aluminum 16,000 750 No data since 5/2011
Antimony 6 <1
Arsenic 10 22¢ 31
Barium 2,000 27¢510
Beryllium 4 <1¢1.8
Boron 3,000 <200 No data since 5/2011
Cadmium 5 <0.5
Chloride 250 mg/L 5 mg/L No data since 5/2011
Chromium 100 <2¢3.5
Cobalt 4.7 1.6¢2.8 No data since 5/2012
Copper 1,300 <2 No data since 5/2012
Fluoride 4,000 170 No data prior to 5/2012
Lead 15 <1¢1l.6
Lithium 31 No data
Manganese 300 360 No data since 5/2011
Mercury 2 <0.2
Molybdenum 40 9 No data since 5/2011
Nickel 100 1.7¢4.2
Nitrate 10,000 <100
Selenium 50 <1¢4.2
Silver 100 <1¢5.3
Strontium 9,300 280 No data since 5/2011
Sulfate 500 mg/L <5 mg/L No data since 5/2011
TDS 500 mg/L 395 mg/L No data since 5/2011
Thallium 2 <1
Vanadium 63 2.2¢25 No data since 11/2011
Zinc 2,000 <10¢ 19 No data since 11/2011




Table3-4: Bull Run Fossil Plant, Well Sampled 4 times between November 2011 and May

Table3-5: Bull Run Fossil Plant, Gypsum/Bottom Ash landfills, Well BREampled 11 times

2013. between February 2008 and May 2013.
Chemical Threshold Data Data gaps Chemical Threshold Data Data gaps
Aluminum 16,000 No data Aluminum 16,000 <100¢ 3,800(decreasing) No data 5/201611/2012
Antimony 6 <1 Antimony 6 <1
Arsenic 10 <5 Arsenic 10 1.8¢5.0
Barium 2,000 49¢ 59 Barium 2,000 <2¢1,867°
Beryllium 4 <1 Beryllium 4 <2
Boron 3,000 No data Boron 3,000 <200 No data 5/201611/2012
Cadmium 5 <0.5¢ 0.6 Cadmium 5 <0.5
Chloride 250 mg/L No data Chloride 250 mg/L 3.2¢ 4.8 mg/L No data 5/201611/2012
Chromium 100 <2 Chromium 100 <10
Cobalt 4.7 1.1 No data since 5/2012 Cobalt 4.7 1.1¢ 12 (decreasing) No data 5/201611/2012
Copper 1,300 <2 No data since 5/2012 Copper 1,300 <10 No data 5/201611/2012
Fluoride 4,000 <100 No data prior to 5/2012 Fluoride 4,000 <100¢ 240
Lead 15 <1 Lead 15 <5
Lithium 31 No data Lithium 31 No data
Manganese 300 No data Manganese 300 19,000¢ 22,000 No data 5/201611/2012
Mercury 2 <0.2 Mercury 2 <0.2
Molybdenum 40 No data Molybdenum 40 <10 Nodata 5/201011/2012
Nickel 100 3.1¢4.5 Nickel 100 <5
Nitrate 10,000 <100 No data prior to 5/2012 Nitrate 10,000 <100
Selenium 50 <1 Selenium 50 <5
Silver 100 <1l Silver 100 <1¢10
Strontium 9,300 No data Strontium 9,300 190¢ 210 No data 5/201011/2012
Sulfate 500 mg/L No data Sulfate 500 mg/L <5¢ 15 No data 5/201611/2012
TDS 500 mg/L No data TDS 500 mg/L 220¢ 260 No data 5/201611/2012
Thallium 2 <1 Thallium 2 <1
Vanadium 63 <2 No data sincd1/2011 Vanadium 63 <10
Zinc 2,000 <10¢ 19 No data since 11/2011 Zinc 2,000 <10¢ 83

63 TVA reported barium concentrations of <0.002 mg/L in November 2010 and November
2011. These may have been typographical errors; aside from these two nondetects, data
have ranged from 1.4 mg/L to 1.9 mg/L.
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Table3-6: Bull Run Fossil Plant, Gypsum/Bottom Ash landfills, Well BRFSampled 11
times between February 2008 and May 2013.

Chemical Threshold Data Data gaps
Aluminum 16,000 280¢ 3,700 (decreasing) Nodata 5/201011/2012
Antimony 6 <1
Arsenic 10 1.7¢6.1
Barium 2,000 23¢48
Beryllium 4 <2
Boron 3,000 1,750¢ 2,600 No data 5/201611/2012
Cadmium 5 <0.5
Chloride 250 mg/L 3¢ 12 mg/L No data 5/201011/2012
Chromium 100 <10
Cobalt 4.7 6¢31
Copper 1,300 <2¢5
Fluoride 4,000 <100¢ 270 No data 5/201611/2012
Lead 15 <5
Lithium 31 No data
Manganese 300 3,400¢ 6,300 (decreasing) | No data 5/201611/2012
Mercury 2 <0.2
Molybdenum 40 22¢ 50 No data 5/201611/2012
Nickel 100 3¢16
Nitrate 10,000 <100 No data 5/201611/2012
Selenium 50 <1¢1.8
Silver 100 <1¢10
Strontium 9,300 2.3¢3.5 No data 5/201011/2012
Sulfate 500 mg/L | 580¢ 1,000 mg/L, decreasing No data 5/201611/2012
TDS 500 mg/L 1,000¢ 1,500 mg/L No data5/2010-11/2012
Thallium 2 <5
Vanadium 63 <10
Zinc 2,000 52¢ 120
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Table3-7: Bull Run Fossil Plant, Gypsum/Bottom Ash landfills, Well BBRFSampled 11
times between February 2008 and May 2013.

Chemical Threshold Data Data gaps
Aluminum 16,000 900¢ 10,000 No data 5/201011/2012
Antimony 6 <1
Arsenic 10 <1¢2.9
Barium 2,000 27¢71
Beryllium 4 <2
Boron 3,000 1,200¢ 2,100 No data 5/201611/2012
Cadmium 5 <0.5¢1.1
Chloride 250 mg/L 2.0¢ 3.8 mg/L No data 5/201611/2012
Chromium 100 <2¢l1
Cobalt 4.7 17¢ 100
Copper 1,300 <2¢7.4
Fluoride 4,000 100¢ 230 No data 5/201611/2012
Lead 15 <1¢5.5
Lithium 31 No data
Manganese 300 9,200¢ 18,000 No data 5/201611/2012
Mercury 2 <0.2
Molybdenum 40 <5¢6 Nodata 5/201611/2012
Nickel 100 17¢43
Nitrate 10,000 <100 No data 5/201611/2012
Selenium 50 <1¢1.6
Silver 100 <10
Strontium 9,300 3.2¢6.3 No data 5/201011/2012
Sulfate 500 mg/L 1,400¢ 1,800 mg/L No data 5/201611/2012
TDS 500 mg/L 2,000¢ 2,600 mg/L No data 5/2016011/2012
Thallium 2 <1¢l
Vanadium 63 <2¢18
Zinc 2,000 <10¢ 55




Table3-8: Bull Run Fossil Plant, Gypsum/Bottom Ash landfills, Well BRFSampled 11
times between February 2008 and May 2013.

Table3-9: Bull Run Fossil Plant, Gypsum/Bottom Ash landfills, Well BRFSampled 11
times between February 2008 and May 2013.

Chemical Threshold Data Data gaps
Aluminum 16,000 110¢ 400 No data 5/201611/2012
Antimony 6 <1
Arsenic 10 1.4¢6.1
Barium 2,000 38¢ 74
Beryllium 4 <2
Boron 3,000 1,800¢ 2,300 No data 5/201611/2012
Cadmium 5 <0.5¢ 2.0
Chloride 250 mg/L 1.6¢ 38 mg/L No data 5/201011/2012
Chromium 100 <10
Cobalt 4.7 <10 (increasing)
Copper 1,300 <2
Fluoride 4,000 1,200¢ 1,600 No data 5/201611/2012
Lead 15 <5
Lithium 31 No data
Manganese 300 3,000¢ 9,200 No data 5/201611/2012
Mercury 2 <0.2
Molybdenum 40 410¢ 700 No data 5/201611/2012
Nickel 100 1.2¢ 20
Nitrate 10,000 <100 No data 5/201611/2012
Selenium 50 <1
Silver 100 <10
Strontium 9,300 1.8¢4.5 No data 5/201011/2012
Sulfate 500 mg/L 220¢ 740 mg/L No data 5/201611/2012
TDS 500 mg/L 250¢ 1,400 mg/L No data 5/201611/2012
Thallium 2 <1
Vanadium 63 <10
Zinc 2,000 <10¢ 13

Chemical Threshold Data Data gaps
Aluminum 16,000 <100¢ 2,800 (decreasing) | No data 5/201611/2012
Antimony 6 <1
Arsenic 10 24¢4.4
Barium 2,000 <2¢ 360
Beryllium 4 <2
Boron 3,000 <200 No data 5/201611/2012
Cadmium 5 <0.5
Chloride 250 mg/L 2.3¢5.3 mg/L No data 5/201611/2012
Chromium 100 <10
Cobalt 4.7 <1¢13
Copper 1,300 <2
Fluoride 4,000 <100¢ 170 No data 5/201611/2012
Lead 15 <5
Lithium 31 No data
Manganese 300 2,700¢ 4,700 No data 5/201611/2012
Mercury 2 <0.2
Molybdenum 40 <2¢6 No data 5/201011/2012
Nickel 100 1.3¢6.8
Nitrate 10,000 <100 No data 5/201611/2012
Selenium 50 <1¢9.9
Silver 100 <10
Strontium 9,300 170¢ 350 No data 5/201011/2012
Sulfate 500 mg/L 21¢ 35 mg/L No data 5/201611/2012
TDS 500 mg/L 310¢ 640 mg/L No data 5/2016011/2012
Thallium 2 <1
Vanadium 63 <10
Zinc 2,000 <30

o4 Cobalt was reported as nondetect at <10 ug/L in two sampling events in 2008 and 2009.
Positive detections show an increasingrtd, from 1.4 ug/L in May 2008 to 4.1 ug/L in May

2013.




Table3-10: Bull Run Fossil Plant, Dry Ash Disposal Facility, WelB4&Bpled 4 times
between May 2008 and May 2009, then replaced by Well 45R (next page).

Chemical Threshold Data Data gaps
Aluminum 16,000 <100¢ 130
Antimony 6 <1
Arsenic 10 3.4¢5.6
Barium 2,000 43¢ 62 (decreasing)
Beryllium 4 <2
Boron 3,000 3,200¢ 4,200
Cadmium 5 <0.5
Chloride 250 mg/L 5.3¢ 6.9 mg/L
Chromium 100 <1¢4.6
Cobalt 4.7 2.0-2.4
Copper 1,300 <1¢3.4
Fluoride 4,000 <100- 150
Lead 15 <1
Lithium 31 No data
Manganese 300 9,400¢ 10,000
Mercury 2 <0.2
Molybdenum 40 <5¢11
Nickel 100 9.3¢ 12.0 (decreasing)
Nitrate 10,000 <100
Selenium 50 <1¢9.8
Silver 100 <0.5
Strontium 9,300 450¢ 520
Sulfate 500 mg/L 420¢ 910 mg/L
TDS 500 mg/L 1,600¢ 1,700 mg/L
Thallium 2 <1
Vanadium 63 <10
Zinc 2,000 <10¢ 13
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Table3-11: Bull Run Fossil Plant, Dry Ash Disposal Facility, Well 8aRipled 12 times
between November 2008 and May 2013. This well replaced Well 45 (previous page).

Chemical Threshold Data Data gaps
Aluminum 16,000 <100¢ 3,100 (decreasing) | No data 5/201611/2012
Antimony 6 <1
Arsenic 10 4.1¢8.9
Barium 2,000 31¢110
Beryllium 4 <1d®
Boron 3,000 12,000¢ 18,000 (increasing)| No data 5/201611/2012
Cadmium 5 <0.5
Chloride 250 mg/L 8.2¢ 22 mg/L
Chromium 100 <10
Cobalt 4.7 <10°
Copper 1,300 <2¢13
Fluoride 4,000 <100¢ 160 No data since 5/2010
Lead 15 <1¢2.7
Lithium 31 No data
Manganese 300 5,300¢ 7,800 No data 5/201611/2012
Mercury 2 <0.2
Molybdenum 40 21¢ 180 (increasing) No data5/2010-11/2012
Nickel 100 1¢17
Nitrate 10,000 <100 No data 5/201611/2012
Selenium 50 <1¢?29
Silver 100 <10
Strontium 9,300 1,900¢ 3,600 (increasing) | No data 5/201611/2012
Sulfate 500 mg/L 800¢ 2,200 mg/L No data 5/201611/2012
TDS 500mg/L 2,600¢ 3,500 mg/L No data 5/201611/2012
Thallium 2 <1
Vanadium 63 <10
Zinc 2,000 <10¢ 19

%% Of the ten measurements on file, five were reported with a detection limit of 5 ug/L, and

one with a detection limit of 10 ug/L. Since these are higher than the MCL for beryllium (4
ug/L), theyare not sufficient to demonstrate the absence of an exceedance. On the other
hand, beryllium has consistently been below detection, and half of the measurements that

we have on file used detection limits of 1 or 2 ug/L.

 One of the ten measurements on file for this well reported that cobalt was undetected with

a detection limit of 10 ug/L, which is not adequate to detect concentrations above the

Regional Screening Level (RSL) of 4.7 ug/L. The nine remaining measuvene fslow

the RSL, however, with an average of 2.3 ug/L, and so there is little evidence that cobalt levels
in this well are unsafe.



Table3-12: Bull Run Fossil Plant, Dry Ash Disposal Facility, Wella@pled 12 times

between May 2008 and May 2013.

Table3-13: Bull Run Fossil Plant, Dry Ash Disposal Facility, Wekinpled 12 times between
May 2008 and May 2013.

Chemical Threshold Data Datagaps Chemical Threshold Data Data gaps
Aluminum 16,000 <100 No data 5/201011/2012 Aluminum 16,000 165¢ 2,500 No data5/2010-11/2012
Antimony 6 <1 Antimony 6 <1
Arsenic 10 <1¢1.0 Arsenic 10 <1
Barium 2,000 29¢ 65 Barium 2,000 59¢ 69
Beryllium 4 <5’ Beryllium 4 <5
Boron 3,000 <200¢ 3,300 No data 5/201611/2012 Boron 3,000 <200 No data 5/201611/2012
Cadmium 5 <0.5 Cadmium 5 <0.5
Chloride 250 mg/L 7.4¢ 9.4 mg/L Chloride 250 mg/L 12¢ 21 mg/L (increasing)
Chromium 100 <10 Chromium 100 <10
Cobalt 4.7 <10® Cobalt 4.7 <10°
Copper 1,300 <1¢2.4 Copper 1,300 <2
Fluoride 4,000 <100¢ 140 No data since 5/2010 Fluoride 4,000 <100¢ 120 No data since 5/2010
Lead 15 <1 Lead 15 <1
Lithium 31 No data Lithium 31 No data
Manganese 300 5¢ 140 No data 5/201011/2012 Manganese 300 <10¢ 27 No data 5/201011/2012
Mercury 2 <0.2 Mercury 2 <0.2
Molybdenum 40 <2¢ 100 No data 5/201€11/2012 Molybdenum 40 <5 No data 5/201011/2012
Nickel 100 1.4¢ 47 Nickel 100 1.1¢25
Nitrate 10,000 <100¢ 100 No data 5/201611/2012 Nitrate 10,000 <100¢ 380 No data5/2010-11/2012
Selenium 50 <1¢3.7 Selenium 50 <1¢l.2
Silver 100 <10 Silver 100 <10
Strontium 9,300 0.17¢0.48 No data 5/201011/2012 Strontium 9,300 0.17¢0.20 No data 5/201011/2012
Sulfate 500 mg/L 51¢ 520 mg/L No data 5/201611/2012 Sulfate 500 mg/L <5 mg/L No data 5/201611/2012
TDS 500 mg/L 275¢ 1,000 mg/L No data 5/201611/2012 TDS 500 mg/L 280¢ 325 mg/L No data 5/2016011/2012
Thallium 2 <1 Thallium 2 <1
Vanadium 63 <10 Vanadium 63 <10
Zinc 2,000 <10¢ 12 Zinc 2,000 <10¢ 36

69 Of the ten measurements on file, three were reported with a detection limit of 5 ug/L.
Since this is higher than the MCL for beryllium (4 ug/L), it is not sufficient tort&rate the
absence of an exceedance. On the other hand, beryllium has consistently been undetected,
and seven of the ten measurements had detection limits of 2 ug/L or less.

0 One of the ten measurements on file for this well indicated that cobalt waetacted

with a detection limit of 10 ug/L, which is not adequate to detect concentrations above the
Regional Screening Level (RSL) of 4.7 ug/L. The nine remaining measurements were
undetected at <1 ug/L, and so there is no evidence that cobalt levéissimell are unsafe.

&7 Of the ten measurements on file, three were reported with a detection limit of 5 ug/L.
Since this is higher than thdCL for beryllium (4 ug/L), it is not sufficient to demonstrate the
absence of an exceedance. On the other hand, beryllium has consistently been undetected,
and seven of the ten measurements had detection limits of 3 ug/L or less.

&8 One of the ten measureents on file for this well indicated that cobalt was undetected

with a detection limit of 10 ug/L, which is not adequate to detect concentrations above the
Regional Screening Level (RSL) of 4.7 ug/L. The nine remaining measurements were
undetected at <lug/L, and so there is no evidence that cobalt levels in this well are unsafe.
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Table3-14: Bull Run Fossil Plant, Dry Ash Disposal Facility, W8ahpled 12 times between
May 2008 and May 2013.

Chemical Threshold Data Data gaps
Aluminum 16,000 <100¢ 810 No data 5/201011/2012
Antimony 6 <1
Arsenic 10 <1
Barium 2,000 49¢ 120
Beryllium 4 <57
Boron 3,000 <200¢ 1,300 No data 5/201€11/2012
Cadmium 5 <0.5
Chloride 250 mg/L 3.8¢ 17 mg/L
Chromium 100 <10
Cobalt 4.7 <10
Copper 1,300 <2
Fluoride 4,000 <100¢ 130 No data since 5/2010
Lead 15 <5
Lithium 31 No data
Manganese 300 <2¢ 140 No data 5/201011/2012
Mercury 2 <0.2
Molybdenum 40 <5 No data 5/201011/2012
Nickel 100 1.8¢5.5
Nitrate 10,000 <100 No data 5/201611/2012
Selenium 50 <1¢8
Silver 100 <10
Strontium 9,300 0.36¢0.51 No data 5/201011/2012
Sulfate 500 mg/L 290¢ 440 mg/L No data 5/201611/2012
TDS 500 mg/L 320¢ 870 mg/L No data 5/201611/2012
Thallium 2 <1
Vanadium 63 <10
Zinc 2,000 <10¢12.5

n Of the ten measurements on file, three were reported with a detection limit of 5 ug/L.
Since this is higher than the MCL for beryllium (4 ug/L), it is not sufficient to demonstrate the
absence of an exceedance. On the other hdayllium has consistently been undetected,
and seven of the ten measurements had detection limits of 2 ug/L or less.

2 One of the ten measurements on file for this well indicated that cobalt was undetected
with a detection limit of 10 ug/L, which is natlequate to detect concentrations above the
Regional Screening Level (RSL) of 4.7 ug/L. The nine remaining measurements were
undetected at <1 ug/L, and so there is no evidence that cobalt levels in this well are unsafe.
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4 Colbert Fossil Plant

Background

TheColbert Fossil Plant is located outside of Muscle Shoals, Alabama on the Tennessee River. A
aYFff GNROdziFNBXZ /FyS [/ NBS{1Z NMzya y2NIKgSada
cooling water discharge and eventually emptying into the river. TVAdas operating four

units at the site since the 1950s, and added a fifth unit in the early 1960s. The original ash

pond, Ash Pond 1, was located at the far northwest corner of the site. TVA stopped sluicing ash
to the pond in 1975, but may have dsyacled ash in the area during the 1986sAsh Pond 4

was built in 1972, and then raised by 20 feet in 1984. Ash Pond 5 was built in 1984; sinkholes
formed shortly after TVA started filling the pond, so TVA abandoned the northwest part of the
area and used the southeast part to dispose of agdded from Ash Pond 4. In 1990, TVA

started drystacking ash in the southeast part of Ash Pond 5, which is now known as the Dry Fly
Ash Landfill. The Metal Cleaning Pond was built in the early 1980s and used unfit 2007.

chemical treatment pond justarth of the Metal Cleaning Pond was closed in 1893.

Colbert sits atop karst bedrock characterized by dissolved cavities. As described in one

ANRBdzy ROl GSNJ Y2YAU2NAY3I NBLERNIZ da0wS6BARSYyOS 27
sinkholes across the sitgaR & SOS NI f O @S a° This Eng af tefiafih Preseditsd S NJ 0 f
an ongoing risk that the coal ash disposal areas (or other areas) will suffer local collapses. TVA

has long known about this risk: A 1982 memorandum regarding the future Ash Parteldb n

OKFG dawaédzRRSy O2fflLlAS 2F | avYltf LRNIA2y 27
O2dzt R 200daNE ¢ o6dzi GKFG AdG ¢l a aAvYLREarotsS G2
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19878

As predicted, Colbert has experienced a series of sinkietdéed accidents over the years:

8 Stantec Consulting Servicesg ., Report of Phase 1 Facility Assessment, Alab&ppendix B, Colbert Fossil
Plant(June 24, 2009).

TVAPond Assessment Environmental Information: A Summary of Findin$Aug. 14, 2009); TVBglbert
Fossil Plant Groundwater Monitoring Repo®ctober 2008at 8 (Jan. 20, 2009).

" TVAColbert Fossil Plant Groundwater Assesshe (Oct. 1994).

®TVA Colbert Fossil Plant Groundwater Monitoring Regd®ictober 2008at 4 (Jan. 20, 2009).

"TVA, Memorandum from M. N. Sprouse to H. S, Bolbert Steam Plang Additional Ash Disposal Area Ncog 5
Engineering RepofDec. 21, 1982)see alsdl'VA Geology of the Colbert Steam PENt & Mn 6b23® mdpp MU
major structural features are the small faults and joints, with the solution accomipgrhese features being of
Y2NB GKIy LI &aairay3da AyaSNBadosoo

BTVAColbert Fossil Plant Groundwater Assessant (Oct. 1994).
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Pond 5 to drain at a rate of 1 foot per hofitthis was part of a series of sinkholes in this
area between 1983 and 1988,
T ¢+x! fAYSR GKS O2If @IFNR RNIAYIF3IS o6lairy ¢Ail
YSI adzNBYSyia Ay GKS ool afye AyRAOIFIGSR &dza
1 In December of 1991, a metavride sinkholecaused the chemical treatment pond to
lose 2 million liters of wate¥*
1 In February of 2012, a sinkhole caused process water from the coal unloading area to
drain into the river, causing a 1560t plume®

The Colbert ash disposal areas have also comai®d local groundwater: Monitoring during

GKS mMpyna YR mppnad NBESGSFHE SR GKFId awa8NRBdzyRg I
YSIENI GKS YSitt OtSIyAy3d LRYyRI 0213 A®MUNR RNI AY
report suggested that there we three general areas or types of contamination: First, wells
downgradient of the metal cleaning pond and Ash Pond 4 showed evidence of contamination
that TVA attributed to multiple sources, including high levels of solids, boron, and molybdenum
attributed to Ash Pond 4, and high pH and sulfate attributed to the chemical treatment$ond.
Second, groundwater near the coal yard and coal yard drainage basin showed evidence of
contamination from those sources, including low pH, high sulfate and dissolidd, soid
AaSEOSaar@dsS tS@Sta 2F &SP MoktofthekvBlls aaundYhe coal f & |
@€FNR RNIAYLF3IS o6FlaAy 6SNB FoFyR2ySR Ay GKS f
was some evidence, though not as strong, of contaminatiomfAsh Pond &’ More recent

data are discussed below.

VR
b

Overview of recent monitoring

The groundwater quality database for Colbert is better than for most TVA sites, with data going
back to 1982, over twenty actively monitored welsq. 41), and a complet set of monitored
parameters 4-2 to 426). Monitoring was originally required under both solid waste and

NPDES permits. Alabama exempted coal ash from landfill regulations between 1982 and

®TVAColbert Steam PlamtAsh Pond 5 Engineering Repatt1¢ 4 (Apr. 1985).
8 | etter from TVA to ADENResponse t@&roundwater Incident Number GW-831 and Notice of Violation (NOV)
(Oct. 6, 1993).
ziTVA,Colbert Fossil Plant Groundwater Assessinant (Oct. 1994).
Id. at 4.
8 etter from TVA to ADEMennessee Valley Authority (T\MAJolbert Fossil Plant (C@MIPDES Permit No.
AL000386%, Sinkhole DevelopmeliEeb. 6, 2012).
8 TVA Colbert Fossil Plant Groundwater Assessiatriti (Oct. 1994).
*1d. at 66.
*1d. at 66¢ 70.
871d. at 68¢ 70.
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20112 but the Alabama Department of Environmental ManagemeéEM) continued to
require monitoring pursuant to a 1993 Notice of ViolatfSn.

In general, the same issues identified in the 1994 report (see preceding section) continue today.

1 Wells MC1, MC4, MC5A, and MC5C are all west and downgradient of Ash Pahd 4 an
the metal cleaning pond, and they show consistently high levels of antimony, arsenic,
boron, and molybdenum. Although the metal cleaning pond may have been partly
responsible for the contamination, and was closed by TVA, the ash pond is likely to be
the major cause. The groundwater flow in this area is to the west and southwest, away
FNRBY G(GKS NAGSNI YR (G26FNR GKS 02dzyRFNB 27
offsite drinking water impacts.

1 Wells 17A, 17B, 31A, and 30B are downgradient of Ash #tmthe east and north.
¢+! NBOSyidfte y20SR GKId daOABNRBY YR YIy3aly
background levels, and therefore likely indicate coal ash contamination at these
6StP aode

1 Wells downgradient of Area 5, an area known to be susbkpto karstrelated
sinkholes, also show evidence of asftated contaminatiort™

Ash Pond 4 is scheduled for final closure in 2020. The problems related to seeps and leaching
are likely to continue in the meantime; whether the site continues to present a threat to
groundwater after closure will depend on how TVA chooses to closeahé.p

Data Gaps

1 The monitoring well network at Colbert, which now consists of 25 wells, in the past
included 41 or more well& Some of these were offsite private wells that were
abandoned when the owners connected to public water suppfies. 1999, ADEM
approved the abandonment of five wells surrounding the coal yard drainage basin after
TVA argued that the wells were redundant or were producing results that were

% See2011 Alabama Laws Act 20258 (H.B. 50); Ala. Code 2827-2 and 2227-3.

¥ TVA Colbert Fossil Plant Groundwater Updat®999 at 9 (Oct. 1999).

®TVA Colbert Fossil Plant Groundwater Monitoring Regokpril 2012 at 8 (July 5, 2012).

% See, e.g., idat 8¢ 9.

92 SeeTVA Colbert Fossil PlaGroundwater Update 1999 at 2 (Oct. 1999) (describing 37-site wells and 4 off
site wells).

% See, e.g.Letter from TVA to ADENEroundwater Assessment Update Repp@roundwater Incident 98-4
(Jan. 19, 2000). The two private wells approved Emalonment in this letter were offsite; one to the far
northeast, and one just south of the Dry Fly Ash Landfill.
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wells showed clear evidence of contamination from the drainage basin including low pH,

high sulfate and TDS, and high levels of some metals. These wells should not have been
abandoned. Wells MC2 and MC3, which were located immediatelyr sfubhe metal

cleaning pond and showed high levels of antimony, arsenic, boron, and molybdenum,

were abandoned in 2003 and replaced with wells MC5A and MTEBom what we

have on file it is not clear why these wells were abandoned.

Table4-1: Evidence bcontamination from three wells around the coal yard drainage basin, all
abandoned after 1999 (mean and range of data over stated petiod).

Threshold Well CA14 Well CA18A Well CA24A
Pollutant (see Tble1-1) (6/17/1986- (6/18/1986- (9/27/1989
9/14/1993) 2/25/1997) 9/26/1991)
pH 6.58.5 4.9 6.0 6.5
(SMCL) (4.1:5.7) (5.46.4) (6.1-6.9)
Sulfate (mg/L) 500 1,291 1,078 322
(DWA) (130-1,900) (580-1,900) (160:610)
TDS (mg/L) 500 2,087 1,751 694
(SMCL) (1,4063,000) (930-2,400) (390-1,100)
Aluminum (mg/L) 16.0 19.8 0.36 10.1
(RSL) (2.456.0) (0.1-:3.4) (0.1-47.0)
Cadmium (ug/L) 5.0 46.8 5.4 2.3
(MCL) (0.1-101) (0.2-46) (0.85.7)
Manganese (mg/L 0.3 63.4 21.9 13.7
(LHA) (27-99.4) (0.0-34.0) (8.7-22.0)

1 Wells CA9R and CA29BR have not been monitorddefononmetal pollutants,
including sulfate and chloride, since spring 2010.

1 Many pollutants were not measured in any wells in April 2013 {s2¢0 426 below).
It is not clear whether TVA intends to measure these pollutants less frequently or to
stop measuring them altogether. For the most part, these were pollutants that have
never beerfound at high concentrations at the planCobalt, however, has beéound
at unsafe levelin several wells, and is a pollutant of concern in the coal ash cofftext.
TVA should continue to monitor cobalt on a regular basis.

% Letter from TVA to ADENGroundwater Assessment Update Repp@roundwater Incident 98-4, Enclosure A:
Groundwater Well Summary (Mar. 8998); Letter from ADEM to TVRe: Groundwater Incident G@8-4 (Mar. 9,
1999).

% etter from TVA to ADENGroundwater Assessment Monitoring Rep@én. 8, 2004).

% TVAColbert Fossil Plant Groundwater Updgte999 at A13A27 (Oct. 1999).

9 See, g., U.S. EPA, 75 Fed. Reg. 35128, 35145 (June 21, 2010) (identifying ¢oba y S 2 ¥ (K
gAOGK GKS KAIKSad SadAYFGSR NRala F2N adz2NFF OS A

S G2 ao:z
YL} dzy RY S
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Figure4-1: Groundwater wells at Colbert Fossil Plant (approximate locations)
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Table4-2: Colbert Fossil Plant, Well CA19%Bampled 7 times between April 2010 and April

Table4-3: Colbert Fossil Plant, Well CA13ampled 7 times between April 2010 and April

2013. 2013.
Chemical Threshold Data Data gaps Chemical Threshold Data Data gaps
Aluminum 16,000 <100¢ 170 Aluminum 16,000 <100¢ 830
Antimony 6 <1 Antimony 6 <1¢1l
Arsenic 10 <1¢3.3 Arsenic 10 <1¢3.3
Barium 2,000 25¢ 33 No data in 4/2013 Barium 2,000 16¢21 No data in 4/2013
Beryllium 4 <2 No data in 4/2013 Beryllium 4 <2 No data in 4/2013
Boron 3,000 <200¢ 240 Boron 3,000 <200
Cadmium 5 <0.5 No data in 4/2013 Cadmium 5 <0.5 No data in 4/2013
Chloride 250mg/L 14¢ 20 mg/L No data in 4/2013 Chloride 250 mg/L 1.2¢25 No data in 4/2013
Chromium 100 <2¢9.8 Chromium 100 2.3¢19.0
Cobalt 4.7 <1¢ 7.2% No data in 4/2013 Cobalt 4.7 <1¢6.5 No data in 4/2013
Copper 1,300 <2 Copper 1,300 <2
Fluoride 4,000 <100¢ 160 No data in 4/2013 Fluoride 4,000 <100¢ 130 No data in 4/2013
Lead 15 <1 Lead 15 3.3¢6.6
Lithium 31 <15 Lithium 31 <15
Manganese 300 <10¢ 61 Manganese 300 <10¢ 62
Mercury 2 <0.2 No data in 4/2013 Mercury 2 <0.2 No data in 4/2013
Molybdenum 40 <5¢ 18 Molybdenum 40 <2¢13
Nickel 100 3.0¢9.0 No data in 4/2013 Nickel 100 4.4¢32.0 No data in4/2013
Nitrate 10,000 1,200¢ 1,700 Nitrate 10,000 360¢ 600
Selenium 50 <1¢2.3 No data in 4/2013 Selenium 50 <1 No data in 4/2013
Silver 100 <1 No data in 4/2013 Silver 100 <1 No data in 4/2013
Strontium 9,300 290¢ 360 Strontium 9,300 140¢ 200
Sulfate 500 mg/L 190¢ 240 mg/L Sulfate 500 mg/L <5 mg/L
TDS 500 mg/L 610¢ 720mg/L No data in 4/2013 TDS 500 mg/L 290¢ 390 mg/L No data in 4/2013
Thallium 2 <1 No data in 4/2013 Thallium 2 <1 No data in 4/2013
Vanadium 63 <2 Vanadium 63 <2
Zinc 2,000 <10¢ 19 Zinc 2,000 <10¢ 31

% The only positive cobalt reading was in October 2011; all other measurements were
nondetect (<1 ug/L).
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Table4-4: Colbert Fossil Plant, Well CA128ampled 7 times between April 2010 and April

2013.
Chemical Threshold Data Data gaps
Aluminum 16,000 <100¢ 1,900
Antimony 6 <1¢5.5
Arsenic 10 <1¢1.9
Barium 2,000 32¢ 56 No data in 4/2013
Beryllium 4 <2 No data in 4/2013
Boron 3,000 <200
Cadmium 5 <0.5 No data in 4/2013
Chloride 250 mg/L 1.4¢ 3.6 mg/L No data in 4/2013
Chromium 100 <2(¢6.6
Cobalt 4.7 <1 No data in 4/2013
Copper 1,300 <2¢3.9
Fluoride 4,000 120¢ 1,200 No data in 4/2013
Lead 15 3¢ 160
Lithium 31 <15
Manganese 300 <10¢ 32
Mercury 2 <0.2 No data in 4/2013
Molybdenum 40 <2¢15
Nickel 100 2.7¢23.0 No data in 4/2013
Nitrate 10,000 <100¢ 390
Selenium 50 <1 No data in 4/2013
Silver 100 <1 No data in 4/2013
Strontium 9,300 160¢ 260
Sulfate 500 mg/L 7.4¢ 8.9 mg/L
TDS 500 mg/L 190¢ 280 mg/L No data in 4/2013
Thallium 2 <1 No data in 4/2013
Vanadium 63 <2
Zinc 2,000 <10¢ 66
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Table4-5: Colbert Fossil PlaniVell CA16Sampled 7 times between April 2010 and April

2013.
Chemical Threshold Data Data gaps
Aluminum 16,000 <100
Antimony 6 <1
Arsenic 10 <1¢1.6
Barium 2,000 22¢ 37 No data in 4/2013
Beryllium 4 <2 No data in 4/2013
Boron 3,000 <200¢ 1,200
Cadmium 5 <0.5 No data in 4/2013
Chloride 250 mg/L 4.4¢ 7.6 mg/L No data in 4/2013
Chromium 100 <2¢4.7
Cobalt 4.7 <1 No data in 4/2013
Copper 1,300 <2
Fluoride 4,000 <100 No data in 4/2013
Lead 15 <1
Lithium 31 <15¢ 19
Manganese 300 <10
Mercury 2 <0.2 No data in 4/2013
Molybdenum 40 <2¢ 16
Nickel 100 <1¢5.6 No data in 4/2013
Nitrate 10,000 1,700¢ 2,700
Selenium 50 <1¢3.2 No data in 4/2013
Silver 100 <1 No data in 4/2013
Strontium 9,300 120¢ 200
Sulfate 500 mg/L 11¢ 120 mg/L
TDS 500 mg/L 310¢ 500 mg/L No data in 4/2013
Thallium 2 <1 No data in 4/2013
Vanadium 63 <2
Zinc 2,000 <10¢ 10




Table4-6: Colbert Fossil Plant, Well CA178ampled 7 times between April 2010 and April

2013.
Chemical Threshold Data Data gaps
Aluminum 16,000 <100¢ 7,000
Antimony 6 <1
Arsenic 10 <1¢3.4
Barium 2,000 28¢ 73 No data in 4/2013
Beryllium 4 <2 No data in 4/2013
Boron 3,000 <200
Cadmium 5 <0.5 No data in 4/2013
Chloride 250 mg/L 2.7¢ 4.7 mg/L No data in4/2013
Chromium 100 <2¢21
Cobalt 4.7 <1¢1.3 No data in 4/2013
Copper 1,300 <2¢7.2
Fluoride 4,000 <100 No data in 4/2013
Lead 15 <1¢5.7
Lithium 31 <15
Manganese 300 <10¢ 180
Mercury 2 <0.2 No data in 4/2013
Molybdenum 40 <2¢6
Nickel 100 1.3¢8.9 No data in 4/2013
Nitrate 10,000 <100¢ 840
Selenium 50 <1¢1l.4 No data in 4/2013
Silver 100 <1 No data in 4/2013
Strontium 9,300 29¢ 97
Sulfate 500 mg/L 9.1¢14.0 mg/L
TDS 500 mg/L 60¢ 120 mg/L No data in 4/2013
Thallium 2 <1 No data in 4/2013
Vanadium 63 <2¢18
Zinc 2,000 <10¢ 56
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Table4-7: Colbert Fossil Plant, Well CA178ampled 5 times between April 2011 and April

2013.
Chemical Threshold Data Data gaps
Aluminum 16,000 <100
Antimony 6 <1
Arsenic 10 1.0¢9.2
Barium 2,000 18¢ 25 No data in 4/2013
Beryllium 4 <2 No data in 4/2013
Boron 3,000 <200
Cadmium 5 <0.5 No data in 4/2013
Chloride 250 mg/L 4.8¢ 15 mg/L No data in 4/2013
Chromium 100 <2¢4.6
Cobalt 4.7 6.1¢ 19.0 No data in4/2013
Copper 1,300 <2¢2.7
Fluoride 4,000 <100¢ 290 No data in 4/2013
Lead 15 <1¢6.2
Lithium 31 <15¢ 20
Manganese 300 660¢ 1,700
Mercury 2 <0.2 No data in 4/2013
Molybdenum 40 <2¢72
Nickel 100 12-24 No data in 4/2013
Nitrate 10,000 <100
Selenium 50 <1¢1.0 No data in 4/2013
Silver 100 <1 No data in 4/2013
Strontium 9,300 180¢ 840
Sulfate 500 mg/L 150¢ 1,000 mg/L
TDS 500 mg/L 500¢ 1,800 mg/L No data in 4/2013
Thallium 2 <1 No data in 4/2013
Vanadium 63 <2
Zinc 2,000 12¢ 48




Table4-8: Colbert Fossil Plant, Well CA208ampled 7 times between April 2010 and April

Table4-9: ColbertFossil Plant, Well CA20Bampled 7 times between April 2010 and April

2013. 2013.
Chemical Threshold Data Data gaps Chemical Threshold Data Data gaps
Aluminum 16,000 <100¢ 40,000 Aluminum 16,000 <100
Antimony 6 <1 Antimony 6 <1¢1.6
Arsenic 10 <1¢13 Arsenic 10 <1¢3.3
Barium 2,000 25¢ 110 No data in 4/2013 Barium 2,000 32¢ 37 No data in 4/2013
Beryllium 4 <2¢3.6 No data in 4/2013 Beryllium 4 <2 No data in 4/2013
Boron 3,000 <200¢ 440 Boron 3,000 <200
Cadmium 5 <0.5¢0.76 No data in 4/2013 Cadmium 5 <0.5 No data in 4/2013
Chloride 250 mg/L 1.2¢ 2.5 mg/L No data in 4/2013 Chloride 250 mg/L 1.6¢ 1.9 mg/L No data in 4/2013
Chromium 100 <2¢19 Chromium 100 3.1¢5.2
Cobalt 4.7 <1¢4.2 No data in 4/2013 Cobalt 4.7 <1¢4.2 No data in 4/2013
Copper 1,300 <2¢12 Copper 1,300 <2
Fluoride 4,000 <100 No data in 4/2013 Fluoride 4,000 <100¢ 100 No data in 4/2013
Lead 15 <1¢8.9 Lead 15 <1
Lithium 31 <15¢32” Lithium 31 <15
Manganese 300 <10¢ 420 Manganese 300 <10
Mercury 2 <0.2 No data in 4/2013 Mercury 2 <0.2 No data in 4/2013
Molybdenum 40 <2¢ 14 Molybdenum 40 <150%
Nickel 100 3.1¢ 36 No data in 4/2013 Nickel 100 3.2¢8.4 No data in 4/2013
Nitrate 10,000 2,300¢ 4,200 Nitrate 10,000 1,000¢ 2,800
Selenium 50 <1¢2.0 No datain 4/2013 Selenium 50 <1¢6.2 No data in 4/2013
Silver 100 <1 No data in 4/2013 Silver 100 <1¢1.3 No data in 4/2013
Strontium 9,300 89¢ 140 Strontium 9,300 170¢ 190
Sulfate 500 mg/L 11¢ 20 mg/L Sulfate 500 mg/L 16¢ 18 mg/L
TDS 500 mg/L 250¢ 340 mg/L No data in 4/2013 TDS 500 mg/L 370¢ 390 mg/L No data in 4/2013
Thallium 2 <1 No data in 4/2013 Thallium 2 <1 No data in 4/2013
Vanadium 63 <2¢28 Vanadium 63 <2
Zinc 2,000 <10¢ 230 Zinc 2,000 <10¢ 12

100 One of the five readings since April 2010 was reported as nondetect at <150 ug/L. This
detection limit is inadequate to detéexceedances of the Lifetime Health Advisory for
molybdenum (40 ug/L). In this case, however, the four earlier readings were all nondetect at
<5 ug/L, the October 2012 reading was 8.2 ug/L, and the April 2013 reading was <2 ug/L, all
well below the Lifetme Health Advisory.

9 Lithium was measured at 32 ug/L in October 2010; all other measurements have been
nondetect (<15 ug/L).
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