Distribution and Chemical Characterization of Fly Ash Bottom Sediments
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INTRODUCTION SEISMIC REFLECTION PROFILES Various labile fractions of As, Cd, Cu, & Pb In SEM and EDAX flndlngs

During the early morning of December 22, 2008 a failure in an earth dike at Tennessee sediments = \ _gp of core
Valley Aut h o r Kingsgpod Power Plant, released about 4.1 million m?2 of coal fly ash . > SE 3 =y
slurry into the waters and proximate riparian areas draining into Watts Bar Reservaoir, e Llne 25 Emory R|Ver
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principally into the Emory River. Within 3.2 km the Emory River discharges into the
Clinch River, which flows into the Tennessee River after several kilometers . The flow
regime in this fly -ash affected continuum of these river systems s highly regulated due to
the presence of the downstream Watts Bar Reservoir.
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I Soft sediment filled channel
h Ko " on southeast side of Emory River

It Is well known that fly ash concentrates trace elements from coal during the combustion | Multlple
process (e.g., Van Herck and Vandecasteele, 2001 Bertocchi et al., 2009. Although much
discussion has focused on whether fly ash is a toxic waste, the current EPA consensus is
that it iIs not a toxic waste, rather it is a reusable material that can be used Iin the
manufacture of cement and other products. Fly ash has also been occasionally used as an
agricultural fertilizer (e.g., Mittra et al., 2009, but this practice is not widespread In the
US. The composition of fly ash varies based on the chemical characteristics of coal burned
In the power plant aswell asthe combustion process.

Uncoated sphere, upper
core, 0-20 cm depth

Following several high flows and initial fly ash dredging operations we began
characterizing ash distribution within the affected rivers using a combination of high -
resolution seismic reflection profiles correlated against actual stratigraphy logged via box,
gravity, and vibra-cores. Additionally, selected river sediments affected by ash were
collected and analyzed for trace elements via a sequential extraction continuum from
water -extractable to reducible in order to assessthe potential mobility and bioavailability

of these elements.

OBJECTIVES

AAssess the extent of the fly ash distribution within the fluvial system

ADetermine the labile nature of various trace elements in the fly ash and associated river ---------m ';

bed sediments along a downstream gradient from the spill site
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20 cm depth
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To date we have determined that fly ashfrom the releaseforms adiscontinuous drape <30cm thick in

STUDY AREA and SEDIMENT SAMPLING METHODS the lower 1 km of the Emory River. It appears that the seismic profiler may provide useful
T —— Box core samplers Gravitycore samplers Information in delineating this rather pure layer of fly ash above river bed sediments. Within the
downstream reaches of the Clinch and Tennessee Rivers, the ash is almost exclusively mixed with Coated sphere,
native sediments. Where such mixtures occur, the seismic profiler was unable to distinguish between _ upper core,
the ash/sediment mixture and native sediments. Thus, coring is being used to determine the thickness 120131 cm

depth

of this recently deposited layer.
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Description of various sampling site locations and relative ash content

AAsh spheres with metallic coatings could easily be detected on SEM images

SEETI;IE 2—2:::':: ::u?:::_lt _:_’::_::;u“ in channel AAsh spheres were present on both the upper (regently deposited) and Iowe_r (deposited years
ago) portions of the cores taken from the Clinch River downstream of the spill
E2-1 Abundant Terrace Edge/Top of Slope AEDAX analysis showed that coated spheres contained mostly iron oxides; but detectable levels
E2-2 Present Slope of trace elements (> 10,000 mg/kg) were absent on metallic sphere coatings
E3-3 Present Slope AUncoated spheres and the sediment matrix were largely aluminosilicates (clay minerals); no
Cl-1 Abundant Terrace Edge/Top of Slope trace elements were detected
C1-2 Present Channel Bottom Extractable fractions of all trace elements were compared (as ratios) with the sum
c1-3 Present to abundant Slope of all extractable fractions ( dext) as follows: (1) Water : dext; (2) Water + Ac-7 :
€2-1 Present Slope dext; (3) Water + Ac-7 + Ac-5 : dext. Findings showed:
C2-2 Present Channel Bottom
C2-3 Abundant Channel Bottom ANone of th‘ese ratios for any of the trace elements exhibi,ted any trends across the continuum
ca-1 Present Channel Bottom from otracebo to.oabundanto amounts of fly ash
AAs and Cd tended to be less mobile(H ,O0 s ol ubl e) compared to Cu :
T1l-1 Present to abundant Channel Bottom \ , o e : :
opresent o | evels of as h;aewavassmilasforbllurace elemenys fo( r e
T1-3 Present Slope Opresent to abundantdé and O6abundantd | evels o
T2-1 Trace Small Terrace AAlmost no additional As was released from sediment in the Ac -7 readily extractable fraction,
T2-3 Present to abundant Terrace whereas Cd and Cu increased by several fold; only modest increases were noted for Pb
AThe ratio of the sum of the first three extractions to &ext varied greatly, but was generally
CO-10-1 0-20cm Trace to present Channel Bottom lower for Pb compared with other trace elements.
C0-10-1 20-40cm Trace to present Channel Bottom CONCLUSIONS:
C0-10-1 40-60cm Present Channel Bottom
C0-10-1 60-80cm Present Channel Bottom 1. Relatively pure ash deposits from the recent spill are mostly confined to the Emory River.

C0-10-1 80-100cm Trace to present Channel Bottom

2. Within the Clinch and Tennessee Rivers, the recent fly ash is mostly mixed with native

C0-10-1 100-120cm Present Channel Bottom sediments in the upper 30 cm of the river bed; evidence of older fly ash was found in deeper
C0-10-1120-131cm Present Channel Bottom sediments (120 6 131 cm depths).

3. Total extractable concentrations of Cd, Cu, and Pb were highest in sediments from the Clinch

Smear slides are used to detect relative ash content Iin River and showed no relationship with ash content. Arsenic concentrations were slightly higher
Sedlment samples based on relatlve number of ash spheres In the Emory River compared to the Clinch River and appeared to be related to ash content.
CHEMICAL ANALYSIS OF L pa e T LR R s iy TR o ST Ut e . i S S 4. EDAX analysis ot metallic coatings on recently deposited ash spheres showed that these were
SEDIMENTS B ey i *’ ‘j* SRR Gl < j:,ﬁ‘wu» TSAN primari ly Fe oxi des with no detectable trace
B ST anD Rt e ‘n WAs A O SRR A L e W R o ‘,j};g;,'fs;ﬁ o QOB SR sediment matrix was largely aluminosilicates with no detectable trace elements.
Individual sediment samples collected for trace ﬂs\" e k“: fj;f‘.f":gj f;i’_‘;} I Ji"‘;’ig{_ . o S mw ,‘},;., : : : : : .
element analysis were dried and homogenized prior & sw ,: ;:m ml ‘, f{«_,f-:‘{ 5. The ratio of the trace elerr_lent concentration extracted In each st_ep of tht_e sequential extraction
to a series of sequential extractions. Initially, water |IESSEEESEEEESE S REE I E e S S e ;“’”“ SR \“‘:&{/‘_{Y g)bhhned:\lrjl?e?‘gthaﬁl(;?;cceerr]r:;ig%ns IETEINEANSS EEB RS EE R EB IS g SR
extractable trace elements were determined . Next the [ SRS HEOtRS PRGNt & Sl ot SR _»}4;5‘-,13 i, s "L 20 O '
samples were subjected to three progressive stronger [ESEREEcs SO A SEi i s dp R mpar L e s W e AT T ARG REFERENCES
extractions following the Querol et al. (1999 methods ' : . _ » m Ne arlypureash 2. Abuﬁdaqt ash ,f 3 /j; - ﬂ*{\?v"‘}:ﬁ? Bertocchi AF, Ghiani M, Peretti R, Zucca A. 2006. Red mud and fly ash for remediation of mine sites contaminated with As, Cd,  Cu, Pb
to approximate : (1) readily exchangeable ions (Ac-7); | \ e n and Zn. J. Hazardous Materials B134, 112119,

_ _ All photo - Landsberger S, Cerbus, JF, Larson, S. 1995. Elemental characterization of coal ash and its leachates using sequential extraction
(2) carbonate-bound and surface oxide-bound ions;

(acid soluble, Ac-5 and (3) ions bound to Fe-Mn

techniques. J. Radioanal. Nuclear Chem. 192, 265274.

micrographs Mittra BN, Karmakar S, Swain DK, Ghosh BC. 2005. Fly ash 9 a potential source of soil amendment and a component of integrated

are at 200x ?

A : : : . . A ™ : S : : plant nutrient supply system. Fuel 84 14471451.

Water 6 water extractable fraction oxides (reglumble) - Similar prO(_:edures were used to ’ B R ey magnification, = . Querol X, Juan R, Lopez-Soler A, Fernandez-Turiel JL, Ruiz CR. 1996. Mobility of trace elements from coal and combustion wastes.

Ny A AN DY YN R W[z I A=Y - 1e = o SR =T e N (1= e LA extract various labile metal fractions from coal fly ash £ OF © e = R under crossed Fuel 75, 821-838. _ _ _ -

exchangeable) samples from the midwestern US (Landsberger et al ) - S 7 nichols, with Vfan I—:elrck Pt, \_/qndeczli_zteeletc. 2\(/)V01.tE\I<;allluatlon of t?;luzzgggadrsequenual extraction procedure for the characterization and t reatment
_ : _ ) 9. ‘ gypsum plate of metal containing solid waste. Waste Managemen :

AAc-538 NH ,Ac (1 M), pH = 5 extractable fraction 1995. The nomenclature used in this paper to denote

BDL denotes O6bel ow detecti on

(carbonate- & surface oxide-bound ions, acid -soluble) the various extractible fractions is seento the left . P Scales shown sl _ _ _ _ _ - mR6y3C9 Sidle, Professor of Geology and Director of the Environmental Science
AReducible -0.1MNH,OHa HCI di ssol vecd Ash présent aresomm | Trace of ash Funding for this study has been provided by the National Science Program, Department of Geology, Appalachian State University, P.O. Box 32067, Boone,
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