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Characteristics of nuclear and fossil energy wastes 
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Summary. The  rad ionuc l ides  and  toxic  metals  in t ransuranic ,  low-level  rad ioac t ive  coal  combus t i on ,  and  coal  

conver s ion  wastes  are  summar ized .  These  wastes  also con ta in  a var ie ty  o f  o rgan ic  c o m p o u n d s ,  some  o f  which  can  

suppor t  ind igenous  mic rob ia l  act ivi ty  resul t ing in so lubi l iza t ion  or  s tabi l izat ion o f  toxic  meta l s  and radionucl ides .  
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Introduction 

The  wastes  genera ted  f r o m  the use o f  fossil and  nuclear  

fuels con ta in  a var ie ty  o f  o rgan ic  and  inorgan ic  com-  

pounds ,  inc luding  radionucl ides .  Subsurface  disposal  o f  

the large quant i t ies  o f  solid wastes  seems to be the viable  

a l te rna t ive  and  m a y  occur  as back- to -p i t  opera t ions  or  in 

specifically cons t ruc ted  landfil ls.  D i sposa l  o f  these com-  

plex chemica l  subs tances  in the subsurface  e n v i r o n m e n t  

can result  in the c o n t a m i n a t i o n  o f  g r o u n d  and  surface 

wa te r  by was te  leachate  con ta in ing  radionucl ides ,  toxic  

metals ,  and organic  c o m p o u n d s ,  which  renders  reg ional  

g r o u n d w a t e r  unsu i tab le  for  domes t ic  use o r  i r r iga t ion  

and  presents  a s ignif icant  env i ronmen ta l  hea l th  and  eco-  

logical  hazard ,  
The  character is t ics  o f  the waste  va ry  widely  wi th  the 

source  and  the process  used. In  general ,  the  kinds o f  

o rgan ic  c o m p o u n d s ,  rad ionuc l ides  and  toxic  meta ls  in 

nuc lea r  and  fossil energy wastes  are  k n o w n  1 - t 1. H o w e v -  
er, the  f o r m  in wh ich  the rad ionuc l ides  and toxic  meta l s  

are present  in the wastes,  e.g., e lemental ,  oxide,  coprecip-  

itate,  ionic,  o rganic  or  inorgan ic  complexes ,  is least  un-  

ders tood ,  but  is i m p o r t a n t  f r o m  the s t andpo in t  o f  stabil-  

i ty and  mobi l i ty  in the env i ronment .  The  general  

character is t ics  o f  the type o f  wastes genera ted  f r o m  nu-  

c lear  and  fossil energy are summar i zed  in this paper .  

Radioactive wastes 

Rad ioac t i ve  wastes  are genera ted  f r o m  mining,  mill ing,  

p r epa ra t i on  o f  fuel for  reactors ,  and  w e a p o n - p r o d u c t i o n .  

The  wastes  con ta in ing  the rad io i so topes  m a y  be in the 

f o r m  o f  gases, l iquids,  or  solids, m a y  be soluble or  insol- 

uble, and  m a y  give of f  va r ious  types o f  r ad ia t ion  at m a n y  

energy levels. Rad ioac t i ve  wastes  are classified as high- 

level wastes,  t r ansuran ic  wastes,  and low-level  wastes  10 

High-leVel wastes 
High- leve l  wastes  (HLW)  are ei ther  in tact  fuel assemblies  

tha t  are  d iscarded af ter  serving their  useful  life in a nuele-  
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ar reactor (spent fuel) or the portion of the wastes gener- 
ated in the reprocessing of spent fuel that contain virtual- 
ly all of the fission products and most of the actinides 
remaining after reprocessing. HLW require extensive ra- 
diation shielding. These wastes are being considered for 
disposal in geologic repositories or by other technical 
options designed to provide long-term isolation of the 
wastes from the biosphere. Because of the high levels of 
radioactivity, there is little concern that there will be any 
significant microbial activity which could affect the in- 
tegrity of the waste in the near field. However, one could 
expect significant microbial effects in the far field, where 
the radiation effects on microbes will be minimal. In 
general, microbes are highly resistant to radiation 5. 

Transuranic wastes 

Transuranic (TRU) wastes are those wastes contaminat- 
ed with alpha-emitting transuranium nuclides with half- 
lives greater than 20 years and concentrations greater 
than 100 nCi per gram of waste. TRU wastes result pre- 
dominantly from spent fuel reprocessing, the fabrication 
of plutonium to produce nuclear weapons, and plutoni- 
um fuel fabrication for recycling to nuclear reactions. 
The wastes include adsorbed liquids, sludges, organics, 
and cemented materials containing the following ra- 
dionuclides: 232Th, 233U, 235U, 238U, 237Np, 238pu, 
239pu, 24~ 24J-pu, 24zpu, Z41Am, 244Cm, 252Cf, and 
metals. TRU wastes will be disposed of in deep geologi- 
cal salt mines in a manner similar to that for high-level 
waste disposal 1 z. Significant microbial activity is expect- 
ed because of the organic constituents. This causes great 
concern in terms of gas generation and pressurization of 
containment areas in the repository. 

Low-level wastes 

Low-level radioactive wastes (LLW) constitute the great- 
est quantity and they contain low but potentially hazard- 
ous concentrations of radionuclides. They include wastes 
not classified as high-level waste, transuranic waste, 
spent nuclear fuel, or by-product materials, which re- 
quire little or no shielding. An analysis of the history of 
low-level waste disposal at both commercial and govern- 
ment disposal sites and the characteristics of the wastes 
have been discussed in detail 2, 9. L L W  are generated in 
almost all activities involving radioactive materials and 
are presently being disposed of by shallow-land burial. 
The laws governing the land disposal are complex, very 
stringent, and increasingly ever-changing. 
Low-level radioactive wastes are generated from nuclear 
power plants, research organizations, hospitals, universi- 
ties, radiopharmaceutical manufacturers, fuel fabrica- 
tion industry, and government energy research and mili- 
tary programs. Low-level wastes contain a variety of 
radionuclides, toxic metals (especially Pb, Cr, Hg), con- 
taminated equipment, and organic materials, e.g., pro- 
tective clothing, gloves, small tools, plastics, paper, scin- 
tillation liquids, organic solvents (chlorinated solvents), 
aqueous liquids containing radionuclides, decontamina- 
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tion solutions, radioactive carcasses of experimental ani- 
mals, spent-ion exchange resins, and sludges. 
Although records of total radioactivity buried at the 
shallow land disposal sites are kept, no detailed informa- 
tion on specific radionuclide content is available. Never- 
theless, several radionuclides such as americium-241, 
barium-133, carbon-14, cesium-134, 137, cobalt-60, 
iodine-129, iron-55, manganese-54, nickel-63, plutoni- 
um-238, 239, 240, potassium-40, radon-222, ruthenium- 
106, sodium-22, strontium-90, thorium-232, tritium, and 
uranium-234, 235, 238 have been detected in the leachate 
samples from the commercial low-level radioactive waste 
disposal sites. A variety of organic compounds in 
leachate samples from low-level radioactive waste dis- 
posal sites have been identified 6. Microbial transforma- 
tions of low-level wastes have been discussed in detail 
elsewhere s. Migration of radionuclides from several 
shallow-land waste disposal sites has been reported. This 
is primarily due to the composition of the buried waste, 
as well as improper disposal and management practices 
employed in the past. 

Uranium wastes 

Uranium mine and mill tailings are the residues from 
uranium mining and milling operations that contain low 
concentrations of the naturally occurring radioactive 
materials uranium, radium, and thorium, and toxic 
metals such as arsenic, cobalt, copper, nickel, lead, and 
selenium. The railings are generated in very large vol- 
umes and are currently stored at the site of mining and 
milling operations. 
Uranium processing wastes generally contain depleted 
uranium; and in some cases low-level radioactive materi- 
als (primarily uranium, radium, and thorium), and a va- 
riety of toxic metals and organic compounds such as 
chlorinated solvents and hydraulic oils. Some of these 
wastes are highly reactive, e.g., pyrophoric and pyrotech- 
nic. These wastes are generated primarily from weapon- 
production processes and defense-related activities. 

Coal wastes 

Solid wastes from coal utilization which are of concern 
here include coal-cleanin'g residuals, fly ash, bottom ash, 
scrubber sludge, spent fluidized-bed material from coal 
combustion; chars, acid gas cleanup wastes, air and wa- 
ter pollution control wastes, tar and oil sludges, 
biosludges, and spent catalyst from coal gasification and 
liquefaction. 
Solid wastes generated from the coal industry are quite 
variable. They are largely dependent upon the composi- 
tion of the coal which is very heterogeneous and varies 
widely in composition from seam to seam, within a seam, 
from mine to mine, and within a mine; the specific pro- 
cesses used, and plant design and operation. Nearly one- 
third of the mined coal is discarded after physical clean- 
ing. The types of contaminants released from solid waste 
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piles include organic compounds, metal ions, and acidity 
primarily due to chemical and microbiological action. 

Coal combustion waste 
The largest volume of solid wastes from the energy indus- 
tries currently and in the near future is produced by 
conventional coal combustion. The major solid wastes 
are fly ash, bottom ash, and flue gas desulfurization 
(FGD) from water treatment, such as make-up water, 
boiler blowdown, water from coal pile runoff, and ash- 
handling systems. The ash residue from coal combustion 
consists of inorganic mineral constituents present in coal, 
as well as the organic matter which is not fully burned. 
Two types of ash produced during combustion are fly ash 
and bottom ash. Fly ash consists of the fine particulates 
that are entrained in the flue gas stream. Bottom ash is 
the coarser, heavier residue which accumulates in the 
furnace bottom either as a loose dry ash or as a slag. The 
inorganic constituents of the coal ash are As, Cd, Cr, Cu, 
Fe, Pb, Mn, Hg, Ni, Se, S, Te, Th, Sn, U, V, and Zn 1. 
Coles et al. 3 and Styron et al. s studied the fate of ra- 
dionuclides 23su, 235U, 228Th, 228Ra, 226Ra, and 21~ 

present in coal. All of the radionuctides studied are en- 
riched in ash relative to the input coal and in general tend 
to concentrate in the finer particles. While there are some 
lignites that have relatively high radionuclide content, 
they are not being used as fuel. 

Coal conversion wastes 
The major waste streams produced from coal gasification 
and liquefaction are: l) chars, ashes, particulates, and 
filter cake from the liquefaction operation and auxiliary 
air and water pollution control systems; 2) spent cata- 
lysts and absorbents from the conversion process; 3) in- 
organic solids and sludges from acid gas removal raw 
water treatment, and air and water pollution control; 4) 
sludges of coal tars and liquid products; and 5) biological 
treatment sludges (biosludges) from water pollution con- 
trol 4. 
Laboratory leaching studies of solid wastes from gasifi- 
cation produced basic as well as acidic leachates contain- 
ing variable amounts of metals such as Ca, Pb, Al, Fe, 
Zn, Mn, Mo, and Sb. Acid leachates generally contain 
high levels of metals and sulfate which result from the 
oxidation of residual reduced sulfur remaining after con- 
version 7. The effects of natural weathering processes, 
microbiological processes, and the influence of climatic 
conditions on the leaching of the toxic organic and inor- 
ganic constituents of the coal conversion solid wastes 
from the disposal environment are not clearly known. 
Methods of disposal of coal wastes are: ponding in indig- 
enous clay soil, with a flexible liner or a liner of impervi- 
ous soil or asphalt or with drainage; chemical treatment 
and landfill; mine disposal and ocean disposal. All of 
these methods of disposal of solid wastes from both nu- 
clear and non-nuclear fuel cycles would indeed require 
monitoring, and in the case of land disposal will require 
continuous management, including growth of vegetation 

and control measures to prevent runoff problems. Fac- 
tors to be considered include structural strength, perme- 
ability, leachate potential, solid attenuations of leachate, 
liner life, and dewatering methods. 

Other wastes 

So-called hazardous waste is not radioactive but contains 
chemical substances which present danger to human 
health and the environment and must be treated to re- 
duce or eliminate their toxicity prior to disposal. 
Mixed waste is a combination of hazardous and radioac- 
tive waste and therefore both its hazardous and radioac- 
tive components must be taken into consideration in 
treatment and disposal. 

Acknowledgments. This research was performed under the auspices of 
the Ecological Research Division's Subsurface Science Program, Office of 
Health and Environmental Research, U.S. Department of Energy, under 
Contract No. DE-AC02-76CH00016. 

1 Adfiano, D.C., Page, A.L.,  Elseewi, A.A., Chang, A.-C., and 
Straughan, I., Utilization and disposal of fly ash and other coal 
residues in the terrestrial ecosystems: A review. J. envir. QuaL 9 (1980) 
333-344. 

2 Clancy, J. J., Gray, D. E, and Oztunali, O. L., Data base for radioac- 
tive waste management. Review of low-level radioactive waste dis- 
posal history. NUREG/CR 1759, vol. I. U.S. Nuclear Regulatory 
Commission, Washington, D.C. 1981. 

3 Coles, D. G., Ragaini, R. C., and Ondov, J. M., Behavior of natural 
radionuclides in western coal-fired power plants. Envir. Sci. Technol. 
I2 (1978) 442-446. 

4 Crowther, M. A., and Morris, S. C., Environmental aspects of energy 
related solid waste. Brookhaven National Laboratory Report 
No. 51405, 1981. 

5 Francis, A. J., Low-level radioactive wastes in subsoils, in: Soil Recla- 
marion Processes: Microbiological Analyses and Applications, 
pp. 279-331. Eds R. L. Tate and D. Klein. Marcel Dekker, Inc., New 
York 1985. 

6 Francis, A. J., Iden, C. R., Nine, B. 3., and Chang, C. K., Characteri- 
zation of organics in leachates from the low-level radioactive waste 
disposal sites. Nucl. Technol. 50 (1980) 158-163. 

7 Francis, C. W., and Wobber, F. J., Eds, Status of health and environ- 
mental research relative to solid wastes from coal conversion..DOE/ 
NBB-00D8/1, U.S. Dept. of Energy, Washington, D.C. 1982. 

8 Styron, C. E., Casella, V. R., Farmer, B. M., Hopkins, L. C., Jenkins, 
P, H., Philips, C. A., and Robinson, B., Assessment of the radiological 
impact of coal utilization. MLM-2514, Monsanto Research Corpora- 
tion, Miamisburg, Ohio 1979. 

9 Wild, R. E., Oztunali, O. I., Clancy, J. J., Pitt, C. J., and Picazo, E. D., 
Data base for radioactive waste management. Waste source options 
report. NUREG/CR 1759, vol. 2. U.S. Nuclear Regulatory Commis- 
sion, Washington, D.C. 1981. 

10 U.S. Department of Energy (DOE), Report to the President by the 
Interagency Review Group on nuclear waste management. March 
1979. TID-29442. U.S. Department of Energy, Washington, D.C. 
1979. 

11 U.S. Department of Energy (DOE), Evaluation of mid- to long-term 
basic research for environmental restoration. DOE/ER-0419. Office 
of Energy Research, U.S. Department of Energy, Washington, D.C. 
1989. 

12 Lappin, A. R., Hunter, R.L., Garber, D. P., and Davies, P. B., (Eds) 
Systems Analysis, Long-term Radionuclide Transport, and Dose As- 
sessments, Waste Isolation Pilot Plant (WIPP), Southeastern New 
Mexico. Sandia National Laboratories Report. SAND 89-0462, 1989. 

0014-4754/90/080794-0351.50 + 0.20/0 
�9 Birkhfiuser Verlag Basel, 1990 


