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| Call to Order

Discussion of
Technologies

Robert Wester, R.M. Wester & Associates

Minutes

The meeting was called to order at 8:45
a.m. Jim Grant opened the meeting with a
summary of the conclusions of the July
meeting; he reminded- members that they
hdd agreed, based on the research
conducted by the Clemson Technical Lab,
not to pursue soil washing or chemical
extraction as a primary technology for
application at the St. Louis Airport Site
(SLAPS). However, he said -there are other
technologies available that ought to be
identified and considered and asked Dave
Miller to provide an overview of these other
technologies.

Mr. Miller discussed various technologies
that may have potential application to the
St. Louis Site. He said that the Oak Ridge
National Laboratory (ORNL) has developed
an extensive database of technologies,
called the Technology Logic Diagram, to
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Dave Miller will
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evaluating
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et

track various technologies :2iavant 10 a
particular stage of remediatior. Fc¢
he said one section addre»c :-fec
suitable for use in characteriz
He explained that ORNL cois dary mrag :
processes, and new appiicaticns of =xis7ng
techniques to be technologies.

He distributed copies of exzamiplas of whe
information found in the Tzernslogy Lol

Diagrams, especially frf'm Elie, v SHQITI
concerning {evaluating) tecbm:i: gias for
decontamination and decc™vssionirg, T

diagrams provide the followiay infarmation:

L Overall assessmeint of tha applicability
of each technology v susstion,
expressed as E {gssenall, Hinigh . Wi
{medium), and L {ow

° Significance of the 5. .. xuigm o
which the technoiogy is applied on a
1-5 scale, with 5 being highest
significance

. The estimated time reqguired 1o brang
the technology to ar 3centanie stz
for application at iargz suale s the
site. This is expressc‘* iy nuimber of
years and depends ot i czarrent
state of development of that particuiar
technology

N -The estimated cost for bringing the

technology from itsrpresent ctats o ¢
Ievel acceptable for commercial or
Iarge -scale use. Costs are presented
as $M or $K, which indicates the
number of millions or thousands of
dollars, without escalaticin -

L The projected unit processing cost for
mature technology ($ per square foot
or other unit, or "N" for no estimate)

An example of the ranking system follows:
H-5-5($3.5M; N)

This indicates that this technology has a

high overall usefulness; the technology is

estimated to take five years before it will be
ready for application at the site; an

Task Force
meeting.
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approximate expenditure of $3.5 million will
be required to bring the technology to this
state of readiness, and the unit processing

cost cannot be projected at the present time.

The Technology Logic Diagrams detail how
the formulas are calculated. For example, in
determining the status of a technology, the
rankings are as follows:

Accepted
Demonstration Needed
Predemonstration
Conceptual
Preconceptual

= NWprO

Mr. Miller said there are some technologies
that might be applicable to the St. Louis
Site, especially those which improve
characterization of existing conditions. He
said that soil washing and in-situ
vitrification, which have been discussed by
the working group, are only two of the many
technologies available for consideration. For
example, there may be technologies that can
. provide more precise answers to these
questions: :

o What contaminants are
present?

He said DOE has a good idea

/ what the contaminants are at
the site, but that the more
precise the characterization, the
more cost-effective the
cleanup.

° How concentrated are the
contaminants?

Mr. Miller said DOE does not
have as well-developed data for
this question.

° Where are the contaminants
located?

He said DOE knows the
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Soil Washing

bounds, but rnat the distriburion
of the contaminants within
those boundaries.

® How far havo *ha cantapeinants
spread?

Mr. Miller sai¢ T2E hsy fairhy
comprehensiv= data about
contaminant fransport.

He offered to develop a similar ranking i:-
technologies that might zapa!y at the 3%
Louis Site, using the same foimat as OFNL
does for its Technology | ogic Diagrams. Thg
working group asked Mr. iviiter to procesd
with developing a techraingy main

use as it evaluated potenfial fachio.

Kay Drey asked that an article on chelating
agents, which are used in scme sl washing
and/or chemical extractior processes, he
distributed to the membzrz 2% the waorking
group. (ATTACHMENT A}

- She said soil washing has not bean

demonstrated to be a viabic Sption f¢: S
Louis Site soils. Mr. Grant acknowledged
that North County soil typicaliv has a high
clay content, which makes it unsuitabie for
soil washing. However, he said soit ar
downtown site is mostly fill, which may
proveé to be more suitable for this fype of
process.

e,

Mr. Miller said he would try (2 diztinguisi
between North County and Jowntown soiis
in the matrix.

The next meeting of the Technologies Working Group is scheduled for
1995 at the World Trade Center in Clayton. The meeting adjourned at 10:40 a.m.

4
i

p.m.
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Approved November 14, 1995



cies of higher molecular weight (/5).

We extracted the middle GFC frac-
tion. which contained the largest radio-
nuclide concentrations. with chloroform
to remove compounds that would inter-
fere in the subsequent analysis. All the
radionuclide remained in the waueous
phase atter the chloroform extraction.
The uqueous layers were then evapo-
rated todrvness and methylated to facili-
tate gus chromatography-mass Spec-
trometry (GC-MS) analysis (/6).

The GC profile for the methylated
fraction is iilustrated in Fig. 3. We used
MS to demonstrate’ that the dominant
peak represents the tetramethyl ester of
EDTA. «n extremely strong cnelate
commonly used in decontamination op-
erations at nuclear facilities (/7).
Through use of an ihternal CDTA stan-
dard. the EDTA cancentration of this
sample has been c"fxlqulaled 1o be ap-
proximately 3.4 x 10-7°3f. EDTA has also
been detected in samples RS3 obtained
near pit 4 and RS9 near trench 5 (/8).

Other constituents detected in trench
leachates include palmitic acid. phthalic
acid (/9). and other mono- and dicarbox-
vlic acids, which are much weaker com-
plexing agents than EDTA. The concen-
trations of -strong chelates similar to
EDTA. such as nitrilotriacetic acid
(NTA) and DTPA. are below the detec-
tion limit of this analysis, which is ap-
proximately 5.0 x 107%M. Because NTA
is biodegradable, it -would not be ex-
pected in significant concentrations in
the groundwater even if it had been origi-
nally present in the waste (20). Both
DTPA and other multidentate chelates
were used only sparingly in decontami-
nation at ORNL during the 1950’s and
1960°s and consequently do-fiot appear
to be significant in the radionuclide mo-
bilization at this site.

We thus reasoned that EDTA is the
dominant mobilizing agent in samples
RS7, RS3, and RS9. A minor portion of
the migrating %°Co and U is associated
with natural organics. Ligands such as
phthalic, palmitic, and other carboxylic
acids may also be contributing to %Co
and U mobilization to a small extent.

The identification of EDTA as a radio-
nuclide mobilizer in the ORNL disposal
area raises a qucstion about the suit-
ability of this chelate in decontamination
operations. Although EDTA is used in
decontamination because of its powerful
metal-binding properties. this same char-
acteristic also leads to radionucl!ide mo-
biiization. The radionuclide mobilization
c2used by EDTA in the ORNL tural
grounds probably does not at present im-
pose a health hazard. However, its con-

30 JUNE 1978
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Fig. 2. The GFC elution profiles of groundwater from RS7. a small seep east of trench 7 {fro
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Fig. 3. The GC profile of GFC-purified and methylated groundwater sample RS7.
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tinued use in decontamination opera-
tions around the country. and therefore
its presence in low- and intermediate-
level waste. constitutes a potential for
the release of undesirable amounts of ra-
dionuclides. Because EDTA is resistant
to decomposition by radiation (2/). ther-
mally very stable (22), and only slowly
oiodegradable (23). it is extremely per-
sistznt in the narural environment. In-
deed. the presence of significant concen-
trations of EDTA in waste {2 to 15 years
old attests to its persistence. Therefore.
wherever EDTA and similar compounds
have been introduced into,terrestrial dis-
posal sites. the aqueous transport of
transition metals, rare earths. and trans-
uranics. which characteristically form
the most stable complexes with chelates.
may be augmented.

There can be no qw*suon about the
strong complexing capaclty of EDTA
and similar chelates for' certain radio-
nuclides including the rare earths and ac-
tinides. For example. all of the trivalent
rare earths along with Am3*, Cm?3*, Pu?*,
Put~, Pu®~, and Th** possess at least as
high or higher complexity constants, X,,
for EDTA as Co®* (24). Both EDTA and
DTPA are used in the therapeutic remov-
al of transuranics ingested by humans
because of the strong complexes formed
with these elements (25). Qur evidence
suggests but does not prove that EDTA
is also contributing to the migration of
trace levels of Pu, Am, Cm, Th, and Ra,
which have been detected in the soil
from seep RS7 approximately 100 yards

(90 m) east of trench 7. For example,"ac-

tinides were found in concentrations of
43 = 8 dpm/g of **¥Pu, 110 = 7 dpm/g of
*¥1Am, and 495 = 20dpm/g of **Cmina
weathered shale sample collected. /at a
depth of 71 cm in well T7-12, which is

adjacent to well RS7 (4, 5). In addition,

chelates increase the uptake of numer-
ous trace elements by plants. Con-
sequently, the ecological recycling rates
of certain radionuclides such as *3°Pu and
*1Am, and therefore the possibility of
their entering human food chains, in-
creases in the presence of complexing
agents (26).

In the United States, there are six
commercial and five Energy Research
and Development Administration terres-
trial radioactive waste burial sites which
have in the past received or are currently
receiving low- and intermediate-level ra-
dioactive wastes (27). Varying levels of
radionuclide migration from original dis-
posal sites have been observed at four of
these waste burial sites other than
ORNL., including the Savannah River
Laboratory, South Carolina (28); the
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Hanford. Washington. facilitics 2v3:
West Valley. New York (30, 2
Maxey Flats. Kentucky (37). Th; -
River facility in Canada has expe™
similar migration problems (327 -.... .
migration of Pu. the presence ot Pu ii: .«
dissolved fraction of leachates. .; :
existence of mobile Pu-contam -~ ‘¢
leachates in waste pits have been 72z °
ed at the Hanford. West Vallev
Maxey Flats facilities. respectiveiy .. »-
31). Complexing agents are eithe:

ent or suspected to be presentin wii--
Chalk River. West Vallev. and M .
Flats (3/. 32).

The use of EDTA and similar =i
pounds in decontamination operc
and therefore their presence in low- i
intermediate-level waste in the Unired
States and the rest of the world. is wige.
spread (2/). Throughout the world. !~ -
and intermediate-level radioactive was..
is being buried along with chemicals t- -
are likely to cause the migration of
hazardous isotopes such as Pu over rthe
long term. Indeed. trace levels of ::-
dionuclides are being released by
groundwater transport at many radio-
active waste disposal sites in this coun-
try, and migration of radioactive transi-
tion meztals, rare earths. and transuranic”
is probably being aided by chelates such
as EDTA. Consequently. if the use i
EDTA and similar compounds is to con-
tinue, waste solutions should be treated
for the removal or destruction of the che-
lates prior to final disposal in the ground.
Another alternative would be to use suit-
able substitutes. compounds that are ef-
fective in decontamination but do not fa-
cilitate radionuclide_mobilization.

One such "useful substitute may be
NTA, which is a potential replacement
for phosphates in detergents. This com-
pound is rapidly biodegradable (20) and
is a strong ligand, although slightly
weaker in complexing capacity than
EDTA.

The biodegradability of other chelates
such as triethylenetetraaminehexaacetic
acid (TTHA), hydroxyethylenediamine-
triacetic acid (HEDTA), N-(2-hydroxy-
ethyl)-ethylenediaminetriacetic acid
(HEEDTA), ethylenediamine di-(O-hy-
droxyphenylacetate) (EDDHA). and
DTPA is apparently not well known.
Some of these compounds are stronger
ligands than EDTA and therefore would
be more effective in decontamination.
However, the use of such compounds. if
nonbiodegradable, could lead (0 zven
more _migration_from disoosaj sitas than
that caused by EDTA.

Numerous other altematives to the
use of EDTA and related compounds are
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Migration of Radioactive ¥Wastes:
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-Reports

Radionuclide Mobilization by Complexing Agents

Abstract. fon exchange, gel filtration chromatography, and gus chromatography -
mass spectrometry artalyses have demonstrated that ethylenediaminetetraccetic
acid (EDTA), un extremely strong complexing agent commonly used in decontami-
ruiion operaiions at nuclear faciliiies. is causing the low-level migration of cooalt-50
from intermediate-level liguid waste disposal pits and trenches in the Oak Ridge
National Luboratory buriul grounds. Because it forms extremely strong complexes
with rare earths and aotinides, EDTA or similar chelates may also be contriouting to
the mobilization of these radionuclides from various terrestrial radiouctive waste

buriai sites around thé country.

From 1951 through 1965. intermediate-
level radioactive liquid waste at Oak
Ridge National Laboratory (ORNL) in
Ozk Ridge. Tennessee, was disposed of
in seven different seepage pits and
trenches (/). Since 1944, solid waste at
ORNL has routinely been buried in shal-
low trenches in six different bunal
grounds (2). Ground burial of radioactive
waste is an effective means of disposal if
the radionuclide can be confined to the
geologic column through geochemical
processes. Although .the Conasauga
shzle. the predominant bedrock of the
ORNL burial grounds. has an extremely
high adsorption capacity for most fission
by-products. trace quantities of certain
radionuclides are migrating from both
solid and liquid waste disposal sjtes 3).

Several factors have contributed to the
radionuclide mobilization. One is that
the annual precipitation at ORNL, over
127 cm, is greater than at any other ra-
dioactive waste burial site in the country
(2). As a result, water infltrates into
trenches at a faster rate than it can be
dissipated and mixes with the waste. In
addition, groundwater levels are com-
paratively shallow and a high-density
surface drzinage network is present.
There is also an abundance of fractures
in the underlying rock, which diminishes
the rock's sorptive capacity because the
exchange sites adjacent to the fissures
are saturated with the exchangeable ions
in the waste (2). Finally, the presence in
the wasie of complexing agents such as
organic chelaies used in decontamina-
iion operations and natural organic acids
from the soil promotss thz formation of
strong compiexes with certain radio-
nuclides that reduce the adsorption ca-
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pacity of the shale and soil for the radio-
nuclide.

It is this last factor that is of principal
concern in this report. The isotope “*Co
has been found in concentrations up to
10° dpm/g in the soil and up to 10° dpm/
ml (450 pCi/ml) in the water in areas ad-
jacent to seepage trench 7 and in lesser
concentrations in the vicinity of trench 5
and pit 4 {Fig. 1). Traces of various al-
pha-emitters such as isotopes of U, Pu,
Cm. Th, and Ra have also been detected
in water or soil from the area around
trench 7 2—). We show here that*Cois
transported in the groundwater from the
trenches and pits as organic complexes.
A portion of the migrating %°Co is ad-
sorbed by oxides of Mn in the shale and
soil (4-6). Additional evidence suggests
that some U is migratng by the same

_mechanism.

The following experimentally mea-
sured distribution coefficients (Kj) illus-
trate the pronounced effects that organic
ligands have on the adsorption capacity
of sediment for trace metals. We deter-
mined that the Ky values for ®Co in
weathered Conasauga shale at pH 6.7
and 12.0 were approximately 7.0 x 10*
and 0.12 x 10¢, respectively. In the pres-
ence of 1073 ethyvlenediaminetetra-
acetic acid (EDTA) the Ky values were
reduced to 2.9 and 0.8 (7).

The actual K, values calculated from
80Co concentrations in soil and water
from various wells in the ORNL bural
grounds are similar (8). The K4 values for
Co from wells in the vicinity of (ranch 7
range [rom approximately 7 to 70, aver-
aging zdout 35 (ses Tzbie 1). Tne pH of
well water ranges from 6.0 t0 8.5 (¢), and
the EDTA concentrations are approxi-

0036-8075/78/0630-1477500.500 Copynght = 1578 AAAS

mately 3.4 X 10773/ (this study). Actua!
K, values for ®“Co in bunal ground wa-
ters are therefore significantly lower than
the theoretical value for neutral systems
containing no EDTA and are somewhat
greater than the experimental value
for neutrzl svsiems containing 1073Y/
EDTA.

The imporance of sediment sorption
capacity (or K.) on radionuclide migra-
tion raies within geologic suostrates has
been modeled by Marsily et al. (9). Us-
ing variables such as K4, rock per-
meability. and hydraulic gradient. they
calculated the migration rates of #%Pu
buried at the bottom of geologic forma-
tions 300 m ihick. The resuits show that
3Py with a K4 of 2 x 107, tvpical of a
chemical setting devoid of complexing
agents. rock fractures. and similar fac-
tors tending to reduce sediment adsorp-
tion. will not migrate to ground level un-
til more than 10° years after bural. the
migration rates being slowest in those
geologic formations with lowest per-
meability. With a haif-life of 24,400
years, Pu would essentially be complete-
ly decayed by the time of contact with
the surface environment. At the other
extreme, in a chemical setting character-
ized by no sorption (K4 = 0), Pu would
reach the environment in 6 to 14,500
years. depending on the permeability of
the geologic formation (9). That s, in the
most confining formation Pu would have
decayed about only one-half of one half-
life before it reacned the suriace. In for-
mations of low to moderate permeabil-
ity, migratuon of Pu over 500 m would
have occurred in only tens to several
hundreds of years, the movement being
four to five orders of magnitude more
rapid than in the situation Ky = 2 x 10°.

In the Ozak Ridge setting, the adsorp-
tion capacity of the Conasauga shale for
inorganic forms of Co is very high.
Hence, mobilization of this radionuclide
in the absence of strong complexing
agents. rock fractures. and other factors
tending to reduce sorption would be neg-
ligible. However, in the presence of
strong chelates. rock fractures, and oth-
er factors tending to decrease sorption.
the K, is drastically reduced and mobili-
zation rates may be accelerated by sev-
cral urders of magniwde.

A compilation of selected radionuclide
analyses for filtered water, weathered
Conasauga shale. and soil samples col-
l2c:ed betwesn June 1974 and June 1975
from wells in seszs adjacernt 0 pit 4.
trench 5. and trench 7 is given in Table |
(10). Lo<ations of pits. trenches. and
sampling sites are shown in Fig. 1.

A surprising initial observation. first
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made bv E. A. Bondietti. was that "Co
in groundwater did not readily exchange
with cation-exchange resins (Rexyn 101,
Na~-form). Data from several samples
show that only about 5 to 10 percent of
the ""Co could be adsorbed by the resin,
the other 90 to 95 percent being retained
in solution as a tightly bonded complex.
i1t seemed apparent thai whaiavar agant
was responsible for this effect was also
pravenung compieie adsorption of cer-
tain radionuclides by the Conasauga
shale and soil.

Subsequent

ion-exchange analyses

that we carried out demonstrated that.

the strength of *°Co complexes with pos-

sible inorganic groundwater components
such as sulfate. nitrate. bicarbonate. car-
bonate. chioride. orthophosphate. und
even stronger ligands such as pyrophos-
phate and metaphosphate was in-
sufficient to produce the ion-exchange
elution behavior of *Co observed in the
samples (//). However. in the presence
of very low concaatratzions (107%4 and
less) of multidentate chelating agents
such as diethvienswiamingpenizasatic
acid (DTPA). cyciohexanediaminetetra-
acetic acid (CDTA). EDTA. and ulso
natural organics such as humic and fulvic
acids. *Co resisted adsorption by the
resin.

Table 1. Selected radionuclide analyses of weaihered Conasauga shale and soil and filtered
water samples (0.22 um) and corresponding K, values from wells in the vicinity of pit 4. trench

S. and trench 7. ;

N Aqueous Aqueous Adsorped .
c“;:lcl Date 3H “Co “Co (,,-,,é;"),
(dpmvml) {dpvmi (dpm/ml)

RS3 24 June 1975 1280 90.0 NAt
RSS 25June 1975 1290 39.0 NA+

RS7 26 June 1974 3050 669.0% 43.700 65.3
T7-118§ 31 July 1974 3930 518.0 16.900 32.6
T7-12 31 July 1974 3450 547.0 28.600 523
T7-13 8 August 1974 3740 816.0 24.500 30.0
T7-14 31 July 1974 1900 227.0 6.600 29.1
T7-15 31 July 1974 2090 153.0 1.060 6.9
RS9 24 June 1975 3130 80.9 NAT

*See (8). tNot analyzed. $Water from RS7 also contains 7.5 parts per billion of U (99.3 percent 33U

and 0.7 percent =3U).

o] 200 400
3 e

@ = Seep

/_.-

Fiz. 1.

§Wells-T7-11 through T7-15 are not depicted in Fig. 1. These wells are located
within approximately 30 feet (9 m) of well RS7 (4, 5).

800 fe et/

Melton
Srancn

Iocation of small s22ps associated with pits 1. 2. 3. znd + and trenches £. 6. 2n0 7.

Contours are in feet [from (¢)). [Courtesy of Qak Ridge National Laboratory. Oak Ridge. Ten-

nessee|
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In order-to differentiate between the
radionuclide-mobilizing efects of syn-
thetic chelates of low molecular wei;zh:
and those of humic substances of higl;er
molecular weight. we fractio q
groundwater samples. using gel filt 4
chromatography (GFC). a process which
separates solutes according to size (/2).
Since most weak inorganic. mertallis
complexes are sorbed during the GFC
procass. ihie presance of (raze maizisia -
given traction of an elution profile dem-
onstrates an association between the

trace metal and a ligand in that fractior,

(13, 14).

Elution pronles of a concentrated
groundwater sample from location RS~
near trench 7 for Sephadex gels G-10. G-
15, and G-25 are illustrated in Fig. 2.
Each of these elution profiles contains
three fractions decreasing in molecular
weignt to the rignt. The blue dextrar.
peak coincides with the fraction of the
sample having molecular weights above
700. Between 90 and 95 percent of the
"Co and 70 percent of the U present ir.
the sample are correlated with the
middle fraction. which represents
group of organics with molecular weight:
less than 700 plus the Na~-salts of sever-
al polyvalent anions. Between 5 and 10
percent of the ®Co and 30 percent of t
U are associated with the fraction ha
molecular weights above 700, and
89Co or U are observed with the smallest
molecular weight peak, which through
infrared spectrophotometry was deter-
mined to be comprised principally of
NaNQ, and NaCl. Reliable Pu analyses
of the GFC fractions could not be ob-
tained.

Infrared spectrophotometric data in-
dicate that the large molecular weight
fractions associated with minor °Co and
U transport are humic substances. Be-
cause groundwater in and very close to
the trenches is typically low in humic
content, we believe that humics are no:
major contributors to radionuclide trans-
port from the trenches. On the contrary.
we believe that humics become associat-
ed with radionuclides some distance
from the trenches, particularly in the
seeps. where groundwater humic con-
centrations are the greatest.

After we had completed the GFC frac-
tionations. the identities of complexing
agents in the major radionuclide-bearing
fractions were still unknown. We sus-

ic chelates. but humic substances
jower molecular weight could not
completely ruled out, particularly
view of their greater acidity and meta:
complexing capacity relative to the spe
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pected that these materials were syn[hc'-.
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