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SUMMARY 

The purpose of this study was to review the literature and to 
qualitatively evaluate the potential for organic compounds to influence the 
solubility and transport behavior of radionuclides in the event of a breach of 
a deep geologic repository containing nuclear waste. 

This study identifies organic compounds that may be present in a reposi
tory and outlines plausible interactions and mechanisms that may influence the 
forms and chemical behavior of these compounds. A review of the literature, 
which is presented in this status report, indicates that large quantities of 
organic radioactive wastes are generated by the nuclear industry and if placed 
in a repository could increase or decrease the leach rate and sorption 
characteristics of waste radionuclides. The association of radionuclides with 
organic matter can render the nuclides soluble or insoluble depending on the 
particular nuclide and such parameters as the pH, Eh, and temperature of the 
hydrogeologic system as well as the properties of the organic compounds 
themselves. 

Waste acceptance criteria which are being developed at the Office of 
Nuclear Waste Isolation (ONWI) would tend to preclude any such waste being 
placed in a repository that could decrease the sorption of radionuclides by 
the geologic media. Therefore, further experimental work is necessary to 
establish limits on the influence of various organic materials that may 
contact the radionuclides. This can only be accomplished by continuing the 
laboratory studies at the various institutions identified in this report. The 
information obtained from these research efforts can be used as input into 
computer chemical models being developed at PNL to estimate future geochemical 
conditions of the repository. 
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INTRODUCTION 

The placement of selected radioactive wastes in deep geologic repositories 
is being considered as a permanent disposal method that could alleviate the 
potential for detrimental impacts on the environment. However, because of the 
high concentration and long half-life of several waste isotopes, isolation of 
the radionuc1ides from the accessible environment will be required for extended 
periods. Therefore, parameters that may influence the long-term isolation of 
these waste materials should be studied to determine potential effects on the 
performance of the repository and to guide those involved with the repository 
siting, waste form and engineered barrier development, and repository 
construction. 

One area of concern that has received limited attention involves the 
potential for organic materials to influence the mobilization and transport 
behavior of waste radionuclides following a breach. This concern exists 
because organic ligands are known to influence the solubility and mobility of 
metal cations in soils. Studies involving the migration of waste radionuclides 
from shallow land burial sites have reported that organic complexing agents 
can reduce Kd values for specific isotopes in bedrock by several orders of 
magnitude (Means et al. 1978). In contrast, other studies indicated that 
humic and fulvic acids found in soils and organic coatings present on clay 
minerals may be able to decrease the valence state of certain nuclides and 
reduce solubility (Bondietti et al. 1976). However, very little information 
is available concerning potential sources of organics which could complex with 
the nuclides in a deep geologic repository. 

Present thinking on the contents of waste packages for a repository is 
that any material that can decrease the sorption of radionuclides by the 
geologic media shall be excluded. As a result, the objectives of this study 
are: 1) to identify the potential sources and forms of organic compounds that 
could complex with waste radionuclides before, during, or subsequent to a 
breach, 2) to discuss chemical, physical, and biological processes that can 
occur in the repository and influence the organic forms that may be present. 
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This information will aid the development of computer chemical models that 
will be used to study the behavior of waste radionuclides in the event of a 
breach of a deep geologic repository. 

2 



CONCLUSIONS 

Large quantities of organic radioactive waste are generated by the nuclear 
industry (Appendix A) and if placed in a deep geologic repository these mate
rials could increase or decrease the leach rate and sorption characteristics 
of the waste radionuclides. For example, organic materials that may be dis
posed of directly in the repository include compounds such as urea-formaldehyde 
or bitumen that have been used to solidify various waste forms. Organic waste 
forms may also include materials used for various isotope separation and puri
fication processes such as the Purex process. These materials, which are known 
to accumulate as waste materials and must be disposed of, include tributyl 
phosphate (TBP), kerosene, n-paraffins, exchange resins, and chelating agents 
such as ethylenediaminetetraacetic acid (EOTA) and diethylenetriaminepenta
acetic acid (OTPA). In addition, many organic waste materials from nuclear 
power plants, spent fuel storage basins, and fuel reprocessing plants are 
grouped in a category known as compactable and combustible wastes. These 
wastes are composed of many types of materials that contain a variety of 
organic compounds. These materials include air filters, ion exchange resins, 
plastic bags, rubber gloves, disposable protective clothing, and paper prod
ucts. Present thinking indicates that no materials be placed in a repository 
that could adversely affect the retardation of radionuclides and strengthens 
the need for evaluating the ability of the various organic waste forms to com
plex radionuclides. 

In addition to waste products, a second source of organic compounds may 
be soluble organic forms that are present ;n the surface water or ground water 
that could enter the repository following a breach. These compounds include 
proteins, lipids, carbohydrates and their decomposition products, such as amino 
acids, fatty acids, and mono- and poly-saccharides. Humic and fulvic acids 
which do not have a specific structure, but do contain functional groups, may 
also be present in the water and influence radionuclide solubility. 

A third source of organic compounds may be organic components of the 
rock media that lie in the path of the ground water after it contacts the 
repository. 
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Organic compounds have been identified in trench water samples taken from 
low-level waste disposal sites. The types of organic compounds included sev
eral straight and branch chain aliphatic acids, aromatic acids, alcohols, 
aldehydes, ketones, amines, aromatic hydrocarbons, ethers and phenols. At one 
site, EDTA was proposed as the dominant mobilizing agent for 60Co . Since 
many of the organic compounds previously mentioned or their decomposition prod
ucts could increase the migration of radionuclides, a similar effect might 
occur if these waste forms were placed in a deep geologic repository, and 
therefore should be excluded. 

If organic wastes are placed in a repository, microbial decomposition as 
well as thermal and radiolytic effects, could influence the forms of organic 
compounds presents in the repository. In recent studies, a microbial popula
tion composed of aerobes, anaerobes, and facultative anaerobes was identified 
in trench waters taken from shallow land burial sites. The majority of the 
organisms were facultative anaerobes and able to grow under anaerobic condi
tions using the nutrients present in the trench water. Many types of micro
organisms will likely be added to the repository during repository construction 
and disposal operations. Therefore, it appears that microbial activity may 
also playa role in determining the forms of organic compounds present in a 
geologic repository. 

In general, the results from this study to date indicate that organic 
compounds can increase or decrease the solubility of radionuclides by several 
orders of magnitude. The association of radionuclides with organic matter 
appears to render the nuclides soluble or insoluble depending on the particular 
nuclide and such parameters as the pH, Eh, and temperature of the system as 
well as the properties of the organic compounds. Therefore, this study will 
continue to monitor the current research at various institutions identified in 
this report and the information will be used for input into computer chemical 
models being used at PNL to estimate future geochemical conditions of the 
repository environment. 
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SOURCES OF ORGANIC COMPOUNDS 

The three general sources of organic compounds that may interact with 
radioactive wastes in a repository are: 1) organic materials disposed of in 
the repository, 2) organic compounds transported to the repository by ground 
water, and 3) organic constituents of geologic media that may lie in the path 
of contaminated ground water. 

The organic materials placed in the repository may include a wide variety 
of compound types. For example, they may include materials such as urea
formaldehyde or bitumen that have been used to solidify various waste forms 
(Hoech and Rhodes 1979, ZoBell and Molecke 1978, DOE 1979, Colombo and Neilson 
1979). They may also include materials used for various isotope separation 
and purification processes such as the Purex process. Examples of these mate
rials, which are known to accumulate as waste materials and must be disposed, 
include tributyl phosphate (TBP), kerosene, n-paraffins, exchange resins. and 
chelating agents such as ethylenediaminetetraacetic acid (EDTA) and diethylene
triaminepentaacetic acid (DTPA). In addition, many organic waste materials 
from nuclear power plants, storage basins for spent fuel, and fuel reprocessing 
plants are grouped in a category known as compactable and combustible wastes 
(DOE 1979). These wastes are composed of many types of materials which con
tain a variety of organic compounds. Examples of these materials include air 
filters, ion exchange resins, plastic bags, rubber gloves, disposable protec
tive clothing, and paper products. 

A more complete description pf the variety of wastes known to accumulate 
from various sources of the nuclear industry is presented in Tables A.I 
through A.B. Tables A.l and A.2 identify materials currently present in 
shallow land burial sites with their corresponding volume and weight. A 
similar identification of waste forms is presented in Tables A.3 through A.8 
for materials originating from representative power plants, spent-fuel storage 
basins, and fuel reprocessing plants. 
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A simple calculation based on the information contained in Table A.3 
indicates that if the compactable and combustible waste from a nuclear power 
plant is placed in the repository, it would amount to approximately 0.6 metric 
tons of material for each metric ton of spent fuel. 

The methods that have been used by the nuclear industry to prepare these 
wastes for disposal include: 1) packaging without treatment, 2) compaction, 
3) sorting and shredding of the waste followed by immobilization in cement, 
bitumen, urea-formaldehyde, or other solid matrix, and 4) sorting and shredding 
followed by incineration (DOE 1979). The effect of these compactable and com
bustible waste forms on the solubility of the waste radionuclides is not well 
known and should be studied if these wastes are to be placed in a repository. 

A second possible source of organic compounds is the surface water or 
ground water that could enter the repository during a breach. The ground 
waters from the specific site location of a repository should be analyzed for 
organic carbon. The concentration of dissolved organic carbon (DOC), has been 
overshadowed during the monitoring of ground water at many of the waste dis
posal sites in the country by an overriding concern with radionuclide contami
nation and the concentration of inorganic ions. 

A survey of the concentration of DOC in ground water was conducted by 
Leenheer et al. 1974. Samples of ground water were obtained from 100 sites in 
27 states and the reported values for DOC from these samples ranged from 
0.1 mg/l to 15 mg/l; however, 85% of all the values were below 2 mg/1. These 
concentrations of DOC correlated directly with specific conductance and alka
linity, but did not correlate with pH. No difference was detected in the 
median DOC concentration between shallow «61 m) and deep (>61 m) sand and 
gravel aquifers. Only small differences in DOC concentrations occurred for 
various types of consolidated rock aquifers. For example, the median DOC 
values for sandstone, limestone, and other rock aquifer types ranged from 0.5 
to 0.7 mg/l. In related studies, Means and Hastings (1979) reported a value 
of 3 mg/l DOC from water collected from an aquifer 1000-m deep in the Grande 
Ronde Formation of the Columbia River basalt group, and Stumm and Morgan 
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(1970) report that concentrations of dissolved organic matter in natural 
waters usually range from 0.1 to 10 mg/l with the upper concentration reached 
in polluted lakes, streams, and estuaries. Based on these results, water from 
aquifers which may potentially contact a repository at a depth of approximately 
600 m would probably contain nonvolatile DOC at concentrations less than 
10 ppm. 

The third source of organic compounds may include materials that are part 
of the rock media and which may lie in the path of the ground water after it 
has contacted the repository. The average concentration of organic compounds 
in various rock forms have been reported to range from 0.5 wt% to 2.1 wt% in 
shales to 0.19% to 0.62% in carbonates, and 0.05% to 0.52% in sandstones 
(Wedepohl 1978). Brownlow (1979) reported that shales tend to have two or 
more times the organic matter content of associated sandstones and carbonate 
rocks. Organic compounds at these concentrations would be capable of influenc
ing the solubility and migration potential of radionuclides. Therefore, the 
potential sources and forms of organics in rock media, which may increase or 
decrease the solubility of radionuclides need to be identified for the 
specific site location of a repository. The next section will discuss various 
ways organic carbon complexes can influence radionuclide solubility. 
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MECHANISMS OF ORGANIC CARBON INFLUENCE ON THE SOLUBILITY OF RAOIONUCLIOES 

Basically, organic compounds can influence the solubility of radionuclides 
in four ways: 

1. Complexing - Soluble organic materials, such as fulvic acids, 
soluble organic che1ates, and products of microbial and chemical 
decomposition, may complex the nuclides in a water-soluble form 
preventing resorption or precipitation as they move through the rock 
media. 

2. Sorption - Materials, such as insoluble humic compounds, are capable 
of sorbing the isotopes rendering the nuclides insoluble. 

3. Reduction - Organic compounds may act as electron donors in chemical 
and biological reactions and reduce the valence of certain 
radionuc1ides (this could change the chemical behavior of nuclides 
such as Pu+5 or +6 to Pu+4, making it less soluble. 

4. Physical Effects - Physical effects should also be considered, such 
as the possibility of nonpolar organics coating sorbed nuclides and 
preventing contact with water soluble forms. 

These effects will depend on the form of organic carbon, the functional 
groups associated, as well as pH, Eh, and the concentration of competing ions 
for the charged sites on the organic molecule. For example, Means et al. 
(1978) showed in field studies that 60Co is transported in ground water as 
organic complexes and provided evidence that uranium is also migrating by the 
same mechanism. In the presence of 10-5M EOTA, the Kd values for 60Co in 
weathered Conasauga shale decreased from-7.0 x 104 to 2.9 at pH 6.7, and 
from 0.12 x 104 to 0.8 at pH 12. Similar field Kd values were calculated 
from 60Co concentrations in soil and water from various wells in the ORNL 
burial grounds. These changes in Kd values suggest that EOTA, reported to be 
present at approximately 3.4 x 10-7~ in these ground waters, is the dominant 
mobilizing agent in these samples. However, a minor portion of the migrating 
60Co and uranium was reported to be associated with natural humic substances. 
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In addition, complexing agents such as phthalic, palmitic, and other car
boxylic acids were also detected and may be contributing to 60Co and uranium 
mobilization. 

• In related studies, Relyea and Brown (1978) report that Pu can be expected 
to diffuse fastest as a chelated complex. They also reported that OTPA reduced 
the Kd of Pu in three soils more than EOTA. Likewise, the movement of 89Sr in 

a Mohave sandy loam soil was enhanced by OTPA and other chelating agents 
(L'Annunziata and Fuller 1967). Wiggins and Franz (1978) provide detailed 

;' discussion of organic complexes in soil systems with 93Zr , 63Ni , 99Tc , and 
93mNb , and report that 93Zr , 63Ni , and 93 Nb are mobile in the presence of 

aqueous organic comp1exing agents, and 99Tc complexes with organic ligands in 
a reducing environment. Himes and Shufeldt (1970) report data that support 
the hypothesis that soluble organic compounds may increase the rate of 90Sr 
leaching through soil. Of the compounds studied, glucuronic acid was the most 
effective in extracting 90Sr from mineral soils, followed by phytic acid = 
citric acid> pectic acid> glycine> pyrocatechol> dextrose. The order for 
an organic soil containing 40% orqanic carbon was phytic acid > citric acid> 
pyrocatechol> glycine = dextrose ~ glucuronic acid = pectic acid. 

Nishita et ale (1977) examined the extractability of 239pu from an 
artificially contaminated kaolinitic soil with a number of inorganic and 
organic compounds. Among the organic compounds evaluated, the order of 
239pu extractability was Na acetate < Na formate < Na oxalate < Na tartrate 
Na citrate, all O.08M. A 0.004M OTPA solution was more effective than a O.08M 
citric acid solution. Of the inorganic compounds studied, NaF, Na 2B407, 
Na4P207, Na 2C03, Na 202, NaOH, and NH40H showed the greatest extractability 
ranging from 8% to 29% of the applied 239pu • These were also the compounds 
that produced a soil extract with a pH above 9. When soil organic matter was 
remov~d with H202, except in the case of Na4P207' <2% of applied dose was 
extracted; thus, the 239pu extracted from the untreated soil appeared to 

have been associated with the alkali-soluble organic matter. The organic 
compounds were generally more effective extractants. The reason suggested was 

9 



a combination of the: 1) presence of a greater number of complexing ligands, 
2) formation of more stable complexes, and 3) ability to extract greater 
amounts of soil organic matter than the inorganic compounds. 

However, the effect of organic compounds on radionuc1ide solubility is 
complicated by the fact that many of the long-lived radioisotopes can exist in 
several valence states, and each valence state can behave differently in the 
environment (McFadden 1980). Plutonium, for example, can exist simultaneously 
in four valence states in solution. Therefore, an understanding of the oxida
tion states is necessary to understand its environmental behavior. Bondietti 
et a1. (1976) showed that humic and fu1vic acids found in soils are able to 
reduce Pu from the more soluble Pu+5 and Pu+6 valence states to Pu+4. They 
suggest that reduction by many natural occurring organics could readily occur 
and also prevent oxidation of reduced forms to the more soluble higher oxida
tion states. Evidence was also presented that organic coatings on clay miner
als may cause reduction of Pu+6 to the more insoluble Pu+4• Likewise, 
Cleveland and Rees (1976) report that soils contaminated with plutonium and 
americium showed very low solubilization of Pu and Am with 100 ppm fu1vic acid 
solutions in a pH range of 5 to 9, and conclude that in the soil studied, 
humic compounds were not a major factor in the solubilization of Pu and Am. 

Nishita and Hamilton (1978) suggest that soil organic matter has an appre
ciable effect on 239pu extractability, depending on the pH. They suggest that 
239pu movement at alkaline pH levels is likely to be relatively high in soil 
containing organic matter, but very low in soil containing practically no 
organic matter. If pH is high enough to dissolve organic matter then 239pu 
could become mobile. Among 242Cm , 237 Np , 241 Am , and 239pu , the extractability 
of 239pu between pH 7 and pH 11.5 was the greatest; again indicating rela
tively strong association of this radionuc1ide with alkali-soluble organic 
matter. In a related study, Nishita et a1. (1978) also suggest that in an 
alkaline condition above pH 7 a kaolinitic soil high in organic matter is 
likely to allow relatively high movement of 238pu and 242Cm under the leaching 

action of water. However, in a kaolinitic soil depleted of organic matter, 
the movement of both radionuc1ides is likely to be very low at higher pH. 

10 

,-



An excellent review on organic complexation of radionuc1ides, with an 
emphasis on the effects of microbial processes, was written by Wi1dung and 
Garland (1977). In this review they discuss organic complexation reactions 
with humic and nonhumic substances. Also discussed are potential mechanisms 
of microbial transformations of transuranic elements in soils. Studies were 
described that indicated microbial activity increased the solubility of Pu in 
soil by a factor of 2 over sterile soil. The mechanisms proposed that may 
have increased the solubility include: 1) the production of organic acids, 
2) alteration of soil pH or Eh near the soil colloid (or the polymer) without 
measurable effects on overall soil pH, and 3) direct transformation of Pu by 
alteration of the valence state. 

Organic compounds have also been postulated to influence the oxidation of 
Uraninite (U02) in the natural environment and, thereby, affecting the mobility 
of uranium in natural waters (Grandstaff 1976). This effect may be the result 
of organic molecules blocking surface oxidation sites and decreasing the effec
tive surface area exposed to oxidation. 

Evidence from the studies cited above suggest that the association of 
radionuc1ides with organic matter can result in the nuclides being rendered 
soluble or insoluble depending on the particular nuclide and such parameters 
as the pH, Eh and temperature of the system as well as the properties of the 
organic compounds. 
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DISSOLVED ORGANIC COMPOUNDS IDENTIFIED 
FROM LOW LEVEL WASTE DISPOSAL SITES 

Water samples from shallow land disposal sites for low-level radioactive 
waste at Maxey Flats, KY, West Valley, NY, Scheffield, IL, and Barnwell, SC, 
were studied to determine the composition of the leachates that have accumu
lated in the trenches (Colombo et al. 1978a,b). A summary of the range of pH 
and DOC concentration from these samples is presented in Table 1. 

TABLE 1. Range of pH and DOC Concentrations in Trench Water Samples 
Taken from Shallow Land Burial Sites (Colombo et al. 1978) 

DOC 
pH mg/l 

Maxey Flats 2.2 - 12.4 1 - 5,800 
West Valley 6.5 - 9.4 270 - 4,900 
Scheffield 6.2 - 12.1 12 - 6,600 
Barnwell 5.9 - 6.7 1 - 280 

Some of the specific organic compounds identified are listed in Table 2. 

The organic compounds included several straight and branch chain aliphatic 
acids, aromatic acids, alcohols, aldehydes, ketones, amines, aromatic hydro
carbons, ethers and phenols. These compounds represent the organic wastes 
buried in the trenches as well as decomposition products of buried materials 
such as cardboard boxes, plastics, scintillation liquids, solvents, and decon
tamination fluids. 

Organic compounds have also been detected in trench leachates at Oak Ridge 
National Laboratory. Among them were EDTA, palmitic acid, phthalic acid, and 
other mono- and dicarboxylic acids (Means et al. 1978). The chelating agent, 
EDTA, has been suggested as the dominant mobilizing agent for 60Co , which has 
been detected in trench leachates. Since similar effects could occur if these 
waste forms were placed in a deep geologic repository, these materials should 
be excluded. 
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TABLE 2. Organic Compounds in Water Samples from Trenches 
at Maxey Flats, KY or West Valley, NY 
(Colombo et al. 1977b, 1979) 

Acetic acid 
Benzoic acid 
Butyric acid 
eyc 1 ohexano 1 

Hexanoic acid 
Naphthalene 
Octanoic acid 
Octanol 
Oleic acid 
Palmitic acid 
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Pentanoic acid 
Phenylacetic acid 
Phenyl hexanoic acid 
Phenylpropionic acid 
Stearic acid 
Tributyl phosphate 
Tetrahydrofuran 
Toluene 
Vanillin 



CHEMICAL AND PHYSICAL PROCESSES WHICH COULD CHANGE 
THE FORM OF ORGANIC COMPOUNDS 

The variety of organic forms that may be present in a repository could be 
influenced by various chemical, physical, and biological processes that may 
occur in the repository before, during, or subsequent to the action creating a 
breach. These processes may include the following: 

• thermal decomposition 
• radiolytic alteration of the organic molecules 
• microbial decomposition 
• chemical decomposition. 

The thermal and radiolytic effects on organic wastes will depend on the 
proximity of the organic compounds to the high-level waste forms. If the 
organic transuranic and low level waste form packages are placed among high
level waste packages then a considerable influence could be expected. However 
if they are placed on different levels of the repository, the influence would 
be much less. The thermal and radio lytic effects on the gas-generating poten
tial of organic compounds have been performed as part of the WIPP program 
(Sandia 1979). The major gases produced from organic waste degradation, in 
the approximate order of abundance were, H2, CO2, CO, H20, CH4, O2, NOx and 
He. However, the study did not ~ontain any information on the chanqes from one 
solid form to another. 

Thermal and radiation stabilities of several- types of organics that may 
be present in a repository were found in a study of decontamination processes 
for nuclear reactors (Choppin et al. 1979). This study examines the effective
ness of organic acids and chelating agents for the removal of corrosion pro
ducts in applications involving high temperature and radiation fields. 

In one of the sources Choppin cites (Margulova et al. 1972), the combina
tion of thermal and radiolytic decomposition of the iron EDTA complex was 
studied. The temperatures examined were 100°, 160°, and 200°C, at radiation 
fields of O~3 MR(a)/hr and 0.4 MR/hr. The complex decomposed only slightly 

(a) Mega rads 
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at 100 0 e without radiation over 5 hr. However, with the addition of 
0.3 MR/hr, the concentration of complex decreased to approximately half the 
initial concentration after 5 hr. At 160° and 200 0 e the initial complex 
concentration was decreased by 25% and 50%, respectively, after 2 hr. However, 
with the addition of radiation of 0.4 MR/hr the initial concentration of the 
complex decreased by 75% at both 160° and 200 0 e after 1 hr. The products of 
decomposition were not mentioned; however, metal complexes of EDTA and other 
ligands are generally more thermally stable in solution than the metal free 
ligand. 

In a similar study, temperature was found to have a synergistic effect on 
radiolytic gas generation from organic materials (Sandia 1979). An increase 
in temperature from 20° to 50 0 e resulted in a 43% increase in the rate of gas 
generation and an increase from 20° to 70 0 e produced a 70% increase. 

As previously mentioned, microorganisms can act upon organic wastes and 
organic-radionuclide complexes and change the form of the nuclides and organic 
compounds. Colombo et ale (1978) studied the population distribution and 
growth of microorganisms present in trench water samples at commercial disposal 
sites for low-level radioactive waste. 1978). They identified aerobes, anaer
obes, and facultative anaerobes in the trench waters, with the majority iden
tified as facultative anaerobes, and showed that they are able to grow under 
anaerobic conditions using the nutrients present in the trench water. There
fore, microbial activity also appears to playa role on the forms of organic 
compounds present in a geologic repository. 

Microbial activity is also reported to have great potential to generate 
significant quantities of gas from radionuclide contaminated wastes and waste 
packaging materials (Sandia 1979). However, the amount of microbial activity 
and gas production will depend on many variables such as temperature, pH, 
radiation field, carbon source and essential nutrients. 

The potential for a microbial population to use the organic wastes as car
bon and energy sources depends on the chemical structure of the various organic 
compounds. There have been many studies which have examined the relationship 
between chemical structure and biodegradation (Howard et ale 1975, Alexander 
and Aleem 1961, Dias and Alexander 1971, Hammond and Alexander 1972). 
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From these studies, some generalizations were made by Howard et al. 1975, 
on the resistance of a particular compound to biodegradation. In particular, 
highly branched compounds are frequently resistant to biodegradation. The 
suggestion was also made that alcohols, aldehydes, acids, esters, amides, and 
amino acids are generally more susceptible to microbial attack than the corre
sponding alkane, olefins, ketones, dicarboxylic acids, nitriles, amines, and 
chloroalkanes. Substitution on aromatic rings was reported to have varying 
effects. Groups such as carboxyl or hydroxyl have a tendency to increase 
biodegradability while halogens and nitro groups reduce microbial attack. In 
addition, metadisubstituted phenols and phenoxy compounds were reported to be 
usually more resistant than ortho or para-isomers. However, these results are 
dependent upon the test methods and the criteria used to define biodegradation. 
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SELECTED STUDIES DURING FY 19S0 

At the Battelle-Columbus Laboratory, studies are in progress to evaluate 
the form and amount of organic compounds that may be present in a repository 
environment and to analyze the effects that these organics may have on radio
nuclide solubility (Means and Hastings 19S0). This work is being conducted as 
five tasks. The first task involves analyzing ground water from the Columbia 
River basalt group in the Pasco Basin of Washington and from the Finnsjo and 
Sterno areas in Sweden. The organic compounds are being analyzed by gas 
chromatography-mass spectrometry (GC-MS) and by liquid chromatographic 
procedures. 

A second task is to determine the effect of organic complexing agents on 
radionuclide sorption by various geologic media. These analyses are being 
conducted at temperatures up to 200°C. 

A third task involves a study of the organic compounds present in 
leachates from the Maxey Flats, Kentucky disposal site for radioactive waste. 
EOTA has been identified as a radionuclide mobilizing agent in these samples. 
Natural organic compounds such as humic and fulvic acids will also be evalu
ated for their role in mobilizing plutonium in the Maxey Flats samples. 

In a fourth task, radionuclides are being added to ground waters of 
varying chemical composition and the identity of the radionuclide solution 
species formed is being studied using liquid chromatography. This procedure 
separates the small inorganic chemical species from the high molecular weight 
organic compounds. 

In a fifth task, the dissolution rates of U30S in the Hanford and Swedish 
ground waters and in simulated ground waters containing no organic matter are 
being measured. The objective of this experiment is to determine the effect 
of natural organic compounds on uranium solubility. Other radionuclides may 
be considered at a later date. 

The overall goal of this pr6gram is to fully evaluate the possibility that 
organics from a variety of sources, including the ground water, repository 
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rock, or the waste itself, may form strong complexes with certain radionuclides 
and significantly increase transport rates from the repository. The results 
from these studies will be monitored and the information will be incorporated 
into the AEGIS modeling efforts. 

Related studies are also in progress to support waste acceptance criteria 
for the Waste Isolation Pilot Plant (WIPP) (Sandia 1979). These studies were 
designed to identify organic waste forms most susceptible to degradation and 
the production of soluble organic compounds. Samples of various organic waste 
such as plywood, rubber gloves, and paper products were refluxed in a synthetic 
salt brine solution at 70°C. Samples of Culebra dolomite were then placed in 
contact with the refluxed solutions which had been spiked with either 243Am (III) 
or 239pu (IV), and the Kd values were determined. The plywood extract reduced 
the Kd values for both Am and Pu by an order of magnitude over extracts of the 
other organic compounds. Also studied were Kd values for Pu present in salt 
brine solutions containing EDTA, oxalate, citrate, and tartrate. These studies 
also indicated a potential for some ligands to reduce Kd values by as much as 
an order of magnitude. 

Brookhaven National Laboratory (BNL) is investigating the properties of 
solidified radioactive wastes and containers (Colombo and Neilson 1979). 
Analyses for organic carbon removed from the waste forms by leaching with dis
tilled water are included in these studies. The solidified waste forms that 
are being studied include Portland cement, urea-formaldehyde, bitumen, and 
vinyl ester-styrene. Table 3 shows the experimental parameters of the leach 
test. The urea-formaldehyde, bitumen and vinyl ester-3tyrene all release 
organic carbon; however, the form of the soluble compounds and their ability 
to support microbial growth have not been determined. This experiment investi
gated the potential solubility of organic carbon from selected solidification 
matrix materials but did not consider the effect of incorporated waste. Con
stituents of the waste itself, such as cellulosic materials, may enhance the 
concentration of organic carbon in the leachate. The potential also exists 
for microbial decomposition of the solidified waste package, which may also 

influence the solubility of the organic components. Additional studies are in 
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TABLE 3. Organic Carbon Removed from Solidification Matrix Materials by 
Leaching in 300 ml of Distilled Water for 10 Days (Colombo and 
Neilson 1979) 

Portland Pioneer 
Type II Urea- 221 Vinyl 

Cement formaldehyde bitumen ester-styrene 

Specimen mass, g 296.0 218.3 103.1 198.2 

Ratio of specimen 
vol to geometric 
surface area, cm 0.98 1.1 0.75 1.1 

Leachant content 
a. Total C, ppm 14.8 9540 3.4 34.2 
b. Org. C, ppm 0.0 9500 3.4 34.2 

progress at BNL to study sorption of selected radionuclides when organic com
pounds are added to trench waters and soils from the Maxey Flats, KY, and West 
Valley, NY, disposal sites. 

Pacific Northwest Laboratory (PNL) is evaluating the important mobile or 
volatile complexes of fission and activation products formed in the storage of 
low-level waste in shallow land burial. Experiments examlnlng the behavior in 
soils of 99Tc complexed with EDTA and DTPA have been completed and the 
results are being analyzed. 

Stbdies are in progress at Temple University to determine the influence 
of organic ligands on the dissolution rate of mineral grains. Results of this 
study may have implications for interpreting dissolution rates of nuclear 
waste forms including solidified high level waste glass. Preliminary results 
from a variety of organic ligands at pH 4.5, 10-3~ ligand concentration and 
25°C on grains of forsteritic olivine from Hawaiian beach sand indicate the 
relative effect on dissolution rate is: EDTA ~ citrate> oxalate> tannic 
acid» succinate> phthalate> acetate. The results of this study also 
indicate that the influence of the organic ligands on dissolution rate is due 
only to free ligand and not to total ligand concentration. 
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APPENDIX A 



TABLE A.I. Materials Present in LASL Retrievably-Stored TRU Waste 
(Kosiewicz et al. 1979) 

Gross Net(a) Gross Net(b) Gross(c) Net(d) 
Volume, Volume, Weight, Weight, Density, Density, 

Descri2tion m3 m3 kg kg kg/m3 kg/m3 

Graph ite 0.21 0.21 70 56 333 267 
Mixed cellulosics 70.96 62.26 27,413 7,873 258 126 
Plastic materials 7.18 5.44 3,657 673 255 124 
Rubber mater i a 1 s 16.50 3.45 18,374 929 391 269 
Mixed paper, plastic, rubber, etc. 77.58 35.69 64,535 5,430 305 175 
Mixed combustible/noncombustible 57.90 25.71 49,374 4,075 287 158 

• Hydrocarbon oils 1.47 1.47 1,209 1,013 822 689 
Silicon-based oils 0.74 0.74 .. 800 702 1,081 949 
Leached process residues 52.82 52.82 18,540 11,652 351 221 
Property-numbered equipment 110.50 100.49 51,304 28,862 375 287 
Nonproperty-numbered equipment 380.42 377 .82 156,623 139,992 432 371 
Noncombustible building debris 31.70 31.70 12,680 10,880 400 343 
Combustible hot-cell waste 2.94 2.94 809 417 275 142 
Noncombustible hot-cell waste 4.06 3.19 1,821 265 215 83 
Skull and oxide 0.11 0.11 28 14 250 127 
Metal crucibles, scrap, dies 36.18 33.57 14,585 6,842 335 204 
Other scrap metals 34.11 11.49 34,095 2,899 399 252 
Fi lter med i a 94.97 88.02 32,409 15,531 265 176 
Filter media residue 0.63 0.63 173 89 275 141 
Other combustibles 96.03 95.16 25,257 12,438 264 131 
Other noncombustibles 167.84 96.50 122,406 16,708 304 173 
Chemical wastes 1.06 1.06 332 192 313 181 
Chemical treatment sludge 9.56 9.66 9,728 8,440 1,007 874 
Cement paste 334.19 334.19 577 ,848 548,492 1,500 1,594 
Contaminated soil 1.47 1.47 650 454 442 309 
Glass 3.53 2.66 1,989 504 321 189 
Unidentified material 4.90 4.90 1,273 805 260 164 

1510 1394 1,239,078 827,228 

(a) Internal volume of waste containers. 
(b) Gross weight minus container weights. 
(c) Gross density is for waste plus primary container 
(d) Net density is for waste without container. 

(neglects cement casks). 
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TABLE A.2. Waste Forms Ranked by Volume for Wastes Stored at 
Idaho from 9/1/71 to 12/21/76 (Shefelbine 1978) 

% of 
Total 

Waste Form Volume 

Meta 1 scrap 

Paper and rags - dry 

36 

9 

Paper and rags - wet 7 

Filters - CWS 7 

Second stage sludge 6 

LSA metal, glass, etc. 5 

First stage sludge 5 

Organic setups 3 
(solidified oils) 

Unknown 3 

Concrete, asphalt, etc. 2 

TABLE A.3. Compactable and Combustible Wastes from a Reference 
Nuclear Power Plant (DOE 1979) 

Components, Density, Volume, 
Source wt% kg/m3 m3/GWe-,Yr(a) 

HEPA filters Glass 40 1. 6 x 102 5 
Wood 60 

Combustible Paper 23 1.2 x 102 2 x 102 
trash Plastic 67 

Rubber 6 
Wood 3 
Cloth 1 

(a) 38 metric tons of heavy metal (MTHM) = 1 GWe-yr 
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TABLE A.4. Concentrated Liquids, Wet Wastes, and Particulate Solids from 
a Reference Nuclear Power Plant (DOE 1979) 

Components, Density, Volume, 
Source wt% kg/m3 m3/GWe-~r(a) 

Bead res ins Polystyrene 50 7.2 x 102 2.9 x 101 

H2O 50 

Powdered resins Polystyrene 50 6.7 x 102 2.9 x 101 

• H2O 50 

~ Fi Her precoat Fi Her aids 40 4.3 x 102 3.4 x 101 
sludge 

H2O 60 

Cartridge Fi Her media 80 5 x 102 5 
filters 

H2O 20 

Sulfate Na2S04 10 1.2 x 103 2.6 x 102 
concentrate 

H2O 75 

Borate Na2B407 10 1.04 x 103 4 
concentrate 

H2O 90 

(a) 38 metric tons of heavy metal (MTHM) = 1 GWe-yr 
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TABLE A.5. Compactable and Combustible Wastes from A Reference Spent Fuel 
Storage Basin (DOE 1979) 

Components, Density, 
Source wt% kg/m3 °Eeration Volume 

C ombu st i b 1 e Cellulosic 50 1.i x 102 Receiving 6 x 10-1 m3/MTHM 
Trash 

PVC 15 Storing 8 x 10-2 m3/MTHM-yr 

Po lystyrene 15 Shipping 1.6 x 10-1 m3/MTHM-yr 

Latex 10 Composite(a) 2.1 x 10-1 m3 /MTHM-yr 

Necorene 10 

Ventil ation Gl ass 40 1.6 x 102 Receiving 8.5 x 10-3 m3/MTHM 
Filters 

Wood 60 Storing 5.3 x 10-3 m3/MTHM-yr 

Shipping 5.3 x 10-3 m3/MTHM 

Composite(a) 7.6 x 10-3 m3/MTHM-yr 

(a) Composite based on operating mode in which one-sixth of storage inventory is 
shipped out and replaced each year. 
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TABLE A.5. Concentrated Liquids, Wet Wastes and Particulate Solids from 
a Reference Spent Fuel Storage Basin (DOE 1979) 

Components, Density, 
Source wt% kg/m3 °Eeration Volume 

Bead resins Polystyrene 50 7.2 x 102 Receiving 2 x 10-3 m3/MTHM 

Water 50 Storing 3 x 10-4 m3/MTHM-yr 

Shipping 5 x 10-4 m3/MTHM 

Composite(a) 7.3 x 10-4 m3/MTHM-yr 
, Filter precoat Cellulosic 20 4.3 x 102 Receiving 7 x 10-3 m3/MTHM 

sludge 
10-3 m3/MTHM-yr Di atomaceous 20 Storing 1 x 

earth 
Shipping 2 x 10-3 m3/MTHM 

Water 60 Composite(a) 2.5 x 10-3 m3/MTHM-yr 

Sulf ate Na2S04 25 1.2 x 103 Receiving 5 x 10-3 m3/MTHM 
concentrate 

Water 75 Storing 1 x 10-3 m3/MTHM-yr 

Shipping 3 x 10-3 m3/MTHM 

Compos ite (a) 2.3 x 10-3 m3/MTHM-yr 

Misce 11 aneous Decontami- 25 1.2 x 103 Receiving 1 x 10-2 m3/MTHM 
solution nat i on agents 
concentrates and corrosion Storing 1 x 10-3 m3/MTHM-yr 

products 
10-3 m3/MTHM Shipping 3 x 

Water 75 Composite(a) 3.2 x 10-3 m3/MTHM-yr 

( a) Composite based on operating mode in which one-sixth of storage inventory is 
shi pped out and replaced each year. 
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TABLE A.7. Intermediate-Level Compactable and Combustible Wastes 
from a Reference Fuel Reprocessing Plant (DOE 1979) 

Source 

Storage basin 
combustible trash 
(non-TRU) 

Ma in plant com
bustible trash 
(TRU) 

Pu02 conversion 
combustible trash 
(TRU) 

UF6 plant com
bustible trash 
(non-TRU) 
Storage basin 
ventilation fil
ters (non-TRU) 

Main plant venti
lation filter 
(TRU) 

UF6 plant venti-
1 ati on fi lters 
(non-TRU) 

Pu02 conversion 
ventilation fil
ters (TRU) 

IX bead res; ns 
(TRU) 

Degraded extrac
tant (TRU) 

Components, 
wt% 

Paper/rags 40 

PVC 20 

Neoprene 11 

Polyethylene 

Latex 

Wood 

Same as above 

Same as above 

Same as above 

14 

11 

4 

Wood 60 

Glass 40 

Same as above 

Same as above 

Meta 1 

Gl ass 

Polystyrene 

60 

40 

50 

50 

30 

Dodecane (vol) 70 

A.6 

Density, 
kg/m3 

1.2 x 102 

1.2 x 102 

1.2 x 102 

1.2 x 102 

1.6 x 102 

1.6 x 102 

1.6 x 102 

1.6 x 102 

7.2 x 102 

8 x 102 

Volume, 
m3/MTHM 

6 x 10-1 

4 x 10-1 

3 x 10-2 

5 x 10-2 

1 x 10-2 

1.4 x 10-1 

5 x 10-3 

2 x 10-2 

5 x 10-3 

8 x 10-3 
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TABLE A.S. Low-Level Compactable and Combustible Wastes from 
a Reference Fuel Reprocessing Plant (DOE 1979) 

Components, oensit~, Volume, 
Source wt% kg/m m3/MTHM 

Main plant Paper/rags 40 1. 2 x 102 1.2 
combustible 
trash (TRU) PVC 20 

Neoprene 11 

Polyethylene 14 

Latex 11 

Wood 4 

TABLE A.9. Compactable and Combustible Wastes from a Reference 
Mixed Oxide Fuel Fabrication Plant (DOE 1979) 

Source 

HEPA fil ters 

Combustible 
trash 

Components, 
wt% 

Metal 60 

Glass 40 

PVC 33 

Cell ulosi cs 30 

Polyethylene 18 

Latex 9 

Neoprene 9 

Styrene 1 

A.7 

Density, 
kg/m3 

1.6 x 102 

1.2 x 102 

Volume, 
m3/MTHM 

1 x 10-1 

5 x 10-1 
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