Characterization of Coal Fly Ash Associated with a Release of Fly Ash at TVA’s Kingston Fossil Plant
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TVA, TDEC, and EPA performed
soll and ash sampling in the former
Dredge Cell, in the embayment,
and at several private residences
following the release. The objec-
tives of the soil and ash sampling
were to characterize the chemical
nature of the ash, determine if the
released ash resulted in residual
Impacts to native soil, and evalu-
ate the potential threat of the re-
leased ash to human health and
the environment. In addition, char-
acterization of recovered ash was
done to assess disposal options
and to guide potential remediation
activities. In early 2010, borings
made In a nearby geologic layer
(“Knox Group”) were sampled to
compare to overlying soill.

TVA Sampling

TVA collected eight ash samples from private residential properties adjacent to the KIF site on
December 27, 2008 through January 2, 2009. On December 31, 2008, TVA collected five sur-
face ash samples from ash remaining in the former Dredge Cell and 23 subsurface ash samples
from one Geoprobe® vertical profile within the intact Dredge Cell. These ash samples (locations
S-1 through S-5 and the Geoprobe® location) were analyzed for benzene, toluene, ethylben-
zene, and total xylenes (BTEX) by EPA SW-846 Method 8260, total metals by EPA SW-846
Method 6010B; mercury by EPA SW-846 Method 7471; and TCLP metals by EPA SW-846 Meth-
ods 1311 and 6010B. A total of 19 five-point composite ash samples were collected on January
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three samples in the Department of Energy (DOE) dataset are elevated relative to all other results. These concentra-
tions (180, 512, and 655 mg/kg) are considered valid results based on a review of the information on the sample loca-
tions presented in DOE’s report. While the concentrations do not appear to have been influenced by DOE operations
(including waste disposal), they may have been influenced by past agricultural activities. Therefore, while these values
are suspect due to potential anthropogenic impacts they are indicative of the range of arsenic concentrations in native
and agricultural soil in the region. Levels in the ash are therefore similar to those of typical regional soils. It should be
noted that ash is not natural soil, and therefore direct comparisons to “background” concentrations cannot be made.
These comparisons are only meant to provide a framework for recognizing differences or similarities between the ash

constituents and those found in typical regional soils.

Other naturally-occurring trace elements in ash also show results greater than would be expected in typical regional
solls but few values exceeded maxima documented in a statewide soil survey (TDEC 2001) . Barium, beryllium, boron,
selenium, and vanadium were detected in more than 80% of the ash samples and at maximum concentrations that are
greater than maximum levels for soils typical of the Roane County region. Similarly, essential dietary nutrients such as
potassium and sodium were also detected at maximum concentrations greater than those for typical regional soils. Se-
lenium was more widely variable in the ash samples and the average was elevated compared to sediment, soil and

geologic samples.

Mercury values were low (4 detects out of 61 ash samples) except those at ERM 0.5 where backflow from the Clinch
has allowed mercury released from Department of Energy functions in Oak Ridge to migrate upstream. Local soils
were non-detect for this element. Mercury was detected in 17 of 61 boring samples and was not analyzed in soill.
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AVS/SEM

The technique called “Acid Volatile Sulfides / Simultaneously Ex-
tractable Metals (AVS/SEM)* may be used to predict the
bioavailablity of divalent metals to benthic organisms. When sul-
fide concentration is in excess of the divalent metal concentra-
tion, insoluble sulfides are expected to form, limiting the bioavail-
ability of the metals. In the graph below, only one reference
(upstream Clinch) sediment had measureable sulfide, indicating
that no sulfide was present to form insoluble compounds which
would limit the availability of the metals. Extractable metals indi-
cate a difference between ash or sediments which are mostly
ash and the reference sediments in the concentrations of copper
and nickel. Minimum, maximum, and average values of the five
metals in ash-laden deposits and reference sediments are in line
with measurements of the same elements on ash and upstream
sediments on the Emory River reported above.

Particle Size Analysis

Particle size analysis has been carried out on the original ash material and on dredged material recovered from the Emory
River. Size distributions were found to be quite variable in the undisturbed cell. Surface portions of the submerged re-
leased ash in the river were expected to be somewhat depleted in smaller particles which would have been swept down-
stream in early high river flow events. Transport and mixing of upstream sediments into the main body of released ash
caused an increase Iin the sand fraction as observed in material recovered in early 2010. A graphical example of particle
size study by a light scattering technique is included below for a composite sample taken from the intact cell in early 2009.
The presence of smaller particle sizes was the major concern for dust control activities on the recovery site throughout
2009 and 2010.

Table 1-1. Summary Statistics for Metals and Radionuclides in Ash
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Aluminum

mg/kg

8,710

45,200

25,193

52/52

1,000

22,000

14,200

11/11

10,500

28,900

17,543

717

Antimony

mg/kg

ND

ND

ND

0/52

2.4

2.4

2.4

1/12

0.916

1.63

1.21

717

Arsenic

mg/kg

2.78

166

65

52/52

26

100

73

12/12

44.8

81.3

61.1

717

Barium

mg/kg

69.7

1,410

710

52/52

180

1,100

358

12/12

188

864

395

717

Beryllium

mg/kg

1.66

9.6

5.8

47/52

1.5

7.9

3.2

12/12

0.122

6.25

1.59

717

Boron

mg/kg

14.8

212

99

48/52

NA

NA

NA

NA

NA

NA

NA

NA

Cadmium

mg/kg

ND

ND

ND

0/52

0.2

0.2

0.2

2/12

0.577

1.23

0.86

717

Calcium

mg/kg

1,460

30,900

12,081

52/52

2,000

27,000

5,325

12/12

2,190

19,500

8,156

717

Chromium

mg/kg

9.64

66

42

52/52

16

43

25

12/12

18.2

41.3

28.2

717

Cobalt

mg/kg

13.1

29.7

20.8

42/52

6.7

29

13

12/12

7.91

18.7

12.1

717

Copper

mg/kg

8.49

102

64

52/52

25

76

47

12/12

29.9

69.4

47.8

717

Iron

mg/kg

9,840

39,700

19,814

52/52

10,000

15,000

12,417

12/12

9,590

19,300

13,699

717

Lead

mg/kg

10.7

46

27

52/52

9.8

29

19

12/12

15.3

56.9

25.6

717

Lithium

mg/kg

NA

NA

NA

NA

16

36

25

10/10

NA

NA

NA

NA

Magnesium

mg/kg

662

6230

2875

52/52

730

6400

1616

12/12

713

4300

1946

717

Manganese

mg/kg

45.6

698

139

52/52

56

260

99

12/12

45.7

447

138

717

Mercury

mg/kg

0.136

0.209

0.17

4/12

NA

NA

NA

0/11

0.0563

0.116

0.087

717

Molybdenum

mg/kg

ND

ND

ND

0/52

1.6

5.3

3.3

7/10

NA

NA

NA

NA

Nickel

mg/kg

7.37

64.4

38.6

52/52

13

37

23

12/12

17.1

32.3

24.1

717

Potassium

mg/kg

642

7,040

3,581

52/52

NA

NA

NA

NA

1,340

3,280

2,340

717

Selenium

mg/kg

2.64

17.8

6.7

45/52

2.2

2.2

2.2

1/12

3.13

7.15

5.88

717

Silica

mg/kg

NA

NA

NA

NA

NA

NA

NA

NA

40.1

1,060

527

6/6

Silver

mg/kg

ND

ND

ND

0/52

ND

ND

ND

0/12

NA

NA

NA

NA

Sodium

mg/kg

283

1,790

843

46/52

NA

NA

NA

NA

147

725

344

717

Strontium

mg/kg

NA

NA

NA

NA

130

260

202

10/10

NA

NA

NA

NA

Thallium

mg/kg

2.65

3.8

3.1

4/52

1.8

1.8

1.8

1/12

4.36

4.36

4.36

1/7

Uranium

mg/kg

NA

NA

NA

NA

2.3

4

3.1

10/10

NA

NA

NA

NA

Vanadium

mg/kg

15.6

163

104

52/52

42

150

77

12/12

44.6

121

73

717

Zinc

mg/kg

23.5

94.7

57.4

52/52

25

67

40

12/12

24.3

55.6

39.7

717

Gross Alpha

pCilg

NA

NA

NA

NA

4.6

25

8.99

12/12

NA

NA

NA

NA

Gross Beta

pCil/g

NA

NA

NA

NA

1.88

10

4.76

12/12

NA

NA

NA

NA

Actinium-228

pCilg

3.63

5.28

4.24

11/11

2.47

3.76

3.06

12/12

NA

NA

NA

NA

Bismuth-212

pCil/g

NA

NA

NA

NA

1.73

3.08

2.24

12/12

NA

NA

NA

NA

Bismuth-214

pCilg

4.51

6.62

5.56

11/11

2.89

5.96

3.99

12/12

NA

NA

NA

NA

Lead-212

pCi/g

3.7

4.98

4.38

11/11

2.368

3.84

2.99

12/12

NA

NA

NA

NA

Lead-214

pCilg

4.85

7.1

5.83

11/11

3.37

6.52

4.43

12/12

NA

NA

NA

NA

Potassium-40

pCi/g

20.8

32.4

27.2

11/11

14.62

25.76

18.85

12/12

NA

NA

NA

NA

Radium-226

pCilg

4.6

8.79

5.85

11/11

NA

NA

NA

NA

NA

NA

NA

NA

Radium-228

pCil/g

3.63

5.28

4.24

11/11

NA

NA

NA

NA

NA

NA

NA

NA

Thallium-208

pCilg

3.11

4.43

3.4

10/11

0.836

1.24

1.01

12/12

NA

NA

NA

NA

Thorium-228

pCil/g

0.41

1.46

0.779

11/11

NA

NA

NA

NA

NA

NA

NA

NA

Thorium-230

pCilg

0.941

3.99

2.21

11/11

NA

NA

NA

NA

NA

NA

NA

NA

Thorium-232

pCil/g

0.321

1.82

1

11/11

NA

NA

NA

NA

NA

NA

NA

NA

Thorium-234

pCilg

5.97

11.3

7.49

10/11

NA

NA

NA

NA

NA

NA

NA

NA

Uranium-234

pCilg

0.816

2.51

1.78

11/11

NA

NA

NA

NA

NA

NA

NA

NA

Uranium-235

pCilg

0.0401

0.182

0.118

11/11

NA

NA

NA

NA

NA

NA

NA

NA

Uranium-238

pCil/g

0.865

2.33

1.76

11/11

NA

NA

NA

NA

NA

NA

NA

NA

6 and 12, 2009, from the released ash in Swan Pond Embayment. These samples (locations
AFA-1 through AFA-19) were analyzed for total metals by EPA SW-846 Method 6010B.

Residual sample media were returned to TVA and sent to separate laboratories for reanalysis of
metals utilizing a more vigorous microwave digestion (EPA Method — 3051). Eleven supplemen-
tal ash samples (EECA-1 through EECA-11) were collected in September 2009 from the Dredge
Cell and embayment area and analyzed for polynuclear aromatic hydrocarbons (PAHSs), mer-
cury, and radioisotopes.

TDEC Sampling

TDEC collected 12 ash samples on January 6 and 7, 2009. Two of the ash samples were col-
lected from the Dredge Cell and the remaining samples were collected from surrounding residen-
tial properties. The samples were analyzed for total metals, TCLP metals, BTEX, radionuclides
(gross alpha and gross beta), and PAHs. TDEC has reviewed the data and has posted relevant

Boron is significantly higher in ash than at other locations. This is well documented in historical samples at various TVA
sites and has been reported for other sources of ash.

In February 2009, submerged samples of ash and ash mixed with sediment adjacent to the spill readme/ie Copperme/ie Information on their website. As reported on their website, the ash does contain metals and ra-

sfte at Emory River Mile (ERM) 2.1, sediment samples from ERM 0.5 as vyeII as upstream sedi- 16" dioactive materials. Table 1-1 presents the range of concentrations of metals detected in ash

ment :_samplgs at ERM 6, 7, and 9 were collected and analyzed for a similar suite of metals as 250 140 samples collected by TDEC. After review of the metal analyses, the only metal identified by

those In the intact cell, EECA and AFA sets. 120 TDEC at concentrations that may present a potential health hazard is arsenic. The TDEC ash
100 samples contained arsenic ranging from 26 to 100 mg/kg (with an average of

PAHS " 73 mg/kg), which agrees with the range found in TVA sampling. TDEC did not detect any volatile

o m organic compounds (which include BTEX) or PAHSs in the ash samples.

PAHs are not anticipated to be present in the ash due to the conditions under which the coal is - _ BN 0

combusted (_e.g., high temperature, oxygen rich enV|ronm_ent). TVA conducted confirmatory ana- 50 | . 0 il . EPA Sampllng

lytical sampling for PAHs in September 2009; and as anticipated, PAHs were not detected, ex- . L m T om mon W MlCI‘OSCOpy

cept for 2-methyinaphthalene in as_lngle ash _sample. That sample was collected from an area : : I : I : I : E i 2 2 | 2 | 2 I On December 27, 2008, EPA's contractor collected two 10-point composite samples from the ash

of the ash that has had substantial regrading and movement of ash by heavy equipment. A i G R ’ Fly ash is an aluminosilicate glass consisting almost completely of pile onsite and three grab samples of ash that had been deposited along the roadway. Samples

Therefore, the presence of 2-methylnaphthalene is likely attributable to deposition from equip-
ment exhaust. The 2-methylnaphthalene detection was slightly greater than the reporting limit.
Re-extraction and reanalysis did not confirm the presence of 2-methylnaphthalene above the
reporting limit.

Metals and Metalloids

spherical particles. Optical microscopy was found to be the most
rapid technique to identify the presence of ash. Optical microscopy
was utilized in mapping the extent and depth of ash in order to de-
limit dredging in the time-critical portion of the recovery activities.

collected on December 27, 2008, were analyzed for target analyte list metals, BTEX, silica, and
TCLP metals. Table 1-1 presents the range of concentrations of metals detected in ash samples
collected by EPA. Similar to TVA and TDEC sampling results, EPA testing showed arsenic to be
present in the ash at levels ranging from 44.8 to 81.3 mg/kg (with an average of 61.1 mg/kg).
EPA testing of the ash found no gasoline products and showed that the ash would not qualify as

The levels of cadmium, chromium, copper, lead, mercury, nickel, silver, thallium and zinc in the majority of TVA ash
samples were found to be within the range for soils found throughout Tennessee (TDEC 2001).

Lead, copper, nickel and chromium have similar values in the ash and in the geologic boring samples. Average values

for lead and nickel are similar in all sample groups. Radioisotopes hazardous waste based on TCLP analysis.
The following analytes are considered constituents of interest (COIl) related to fly ash: arsenic, Thall Ik . . . . . - 3
chromium, copper, lead, mercury, nickel, selenium, thallium, vanadium, zinc, and the naturally g M meTTe As|l|1 IS _known tof contain nat;lra_lly-occurcl;mg radlpnucAIrl(c)les, Zpeﬁlf!- Conclusion
occurring radionuclides, specifically isotopes of uranium and thorium, their short-lived daughter 8 - cally isotopes ot uranium, thorium, and potassium-40, and their

short-lived daughter products. Initial analysis of the ash included
only gamma spectroscopy which identified potassium-40, radium-

The initial assumption following the ash release was that mixing of the various layers of ash dur-
Ing the release would have resulted in a relatively homogeneous material in the river. Some con-

products, and potassium-40. ’

In the following set of graphs, results for these elements are compared as min, max, average 5 a ¥ 226, and several of the gamma-emitting short-lived Idal]tughter prcl)du_cts ofduranlgng a_rr_o[l)ltzhgrlulm. _ghIS IS COﬂSISte?t Wt:th re- | stituents ﬂ_o occur in a fairly narrow ralnge of colncgntrf;\]tlons, rz;md rehs_lults forlthoc?e might seem to
olots of the various elements expressed in mg/kg. Groupings plotted are “Ash” which consists 4 \ sults r%m analysis fcoE ucted by o= . In Oij er ;(_) accurately c a;z_alcr; Zuppccl)rt this asshumpt_lon. Howevetr),I closer anafyﬁls shows that Whl e rers]:udts 0 ngt_ spﬁn very
of the AFA, EECA, Geoprobe®, and S-x series, ERM 2.1, ERM 0.5, Residence soil, ERM 6 i u v terize the activity of the uranium, thorium, and radium isotopes, whic road ranges, there is a reasonable amount of heterogeneity in the ash deposited in the river

’ cannot be characterized using gamma spectroscopy, the additional ash | due to less mixing of the initially deposited ash than was assumed and to particle size sorting

through 7, ERM 9 and the borings into the Knox Group. Non-detects are plotted at the detection m N
limit a?nd indicated by “ND”. J P P 2 samples collected by TVA were analyzed by both alpha spectroscopy

) and gamma spectroscopy. Results are listed in the following table. Lev-
els of radioactivity in the ash are similar to those of typical regional soills.
An exception is that levels of radium-226 generally exceed the range
typical of regional solls; levels of radium-226 in regional solls are typically
In the range of 0.5 to 2 picocuries per gram (pCi/g), whereas those in ash
range between 4.5 and 9 pCi/g. The following table presents the range
of concentrations of metals and radioisotopes found in TVA ash sam-

pling.

that occurs as storm flows re-suspend and transport ash further downstream. Nevertheless, no
elemental concentration or radionuclide was found to be outside the range of expected values.

Arsenic is significantly higher in the ash samples (intact cell, EECA, AFA, etc.) and submerged 0
samples at ERM 2.1 than the local residence soil and in the upstream sediment samples.
Downstream sediment appeared to be slightly lower in concentration than the ash samples.
Surprisingly, the results from the Knox Group stratum were significantly higher than overlying
soll.

Arsenic is one of the naturally-occurring trace elements concentrated in ash through the coal
combustion process. Arsenic is a known human carcinogen routinely detected in ash samples
at concentrations that may be a concern for human exposures. As such, arsenic may be consid-
ered to represent the constituents within the ash. Arsenic concentrations in ash samples col-
lected by TVA ranged from 2.78 to 166 milligrams per kilogram (mg/kg), with an average of 65
mg/kg. However, arsenic is widely distributed in the natural environment. Arsenic levels for solls
typical of the Roane County region range from 6.4 to 655 mg/kg. Arsenic concentrations re-
ported in TVA ash samples are within the range of concentrations reported for soil. However,
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Thallium is difficult to analyze. Different detection limits on various analytical runs are notable in the graph. The only
samples with detectible thallium were the ash samples with nine of 57 samples having detects. Vanadium appears
slightly higher in the ash than in other sample types. Zinc values in ash appeared to match those in sediment and soil.
Footnote: The range of elemental concentrations in soil are documented in “Hazardous Trace Elements in Tennessee
Soils and Other Regolith”, TDEC, Division of Geology, 2001 and in “Soil Background Supplemental Data Set for the
East Tennessee Technology Park, Oak Ridge, TN, Bechtel Jacobs Company LLC, 2003. See also
www.tva.gov.kingston/solids.

Ash samples collected from residential properties had results similar to
those from the released ash in the embayment, and the ash remaining in
the former Dredge Cell; the ash is a relatively well-mixed, homogenous
material with no discernable difference in its constituent concentrations
across the site.




