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. LOW-LEVEL WASTE SITES. A. P. Toste, L. J.-
Kirby, D. E. Robertson, K. H. Abel and R. W. Perkins,
Pacific Northwest Laboratory, Richland, Washington
99352. . . _ = _ _ . _ .._ _ __ _ _ _ _ _ _ _ _ _ _

The subsurface migration of radionuclides in
groundwater is being studied at the.Maxey Flats, Ken-

-tucky, shallow land burial site and at an aqueous waste
disposal facility. At Maxey Flats, radionuclides and
tracer data indicate groundwater communication between+

a waste trench and an adjacent experimental study area.
Areal distributions of radionuclides in surface soil
confirm that contamination at Maxey Flats has been
largely contained on site. Of the radionuclides de-

60 o appear totected in the surface soil, only 3H and C

be derived from waste. Plutonium exists in the anoxic
subsurface waters at Maxey Flats as a reduced, anionic
complex; some of'the plutonium appears to be complexed
with EDIA, whereas organic acids seem to be associated
with 13/Cs and 90 r. At the aqueous waste disposalS

site, 3includina0gCoH ag aniongespggiesofcertainradionuclides,W Ru, WWTc, 131 , and traces of1

u,, migrate from a trench through a soil238,239,240P
bank to a series of springs on a river. Radionuclides
in the particulate and cationic forms appear to be ef-
ficiently retained by the soil.
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For example, hexavalent plutoniui and uranium migrate
Our laboratory is investig& ting the subsurface through soil faster than their corresponding tetra-

migration of radionuclides in groundwater at the valent species, and technetium migrates faster as
Maxey Flats, Kentucky, shallow land burial site and pertechnetate ion than it does in the reduced form.
at a low-level aqueous waste disposal facility. At Also, decontaminating agents such as EDTA buried with
Maxey Flats, radionuclides and tracer data indicate radioactive waste or biodegradation products of or-
groundwater co"imunication between a waste trench ganic material in waste or soil may complex with ra- im
and an adjacent experimental study area. Areal dionuclides, enhancing their mobility,
distributions of radionuclides in surface soil con- *

firm that contamination at Maxey Flats has been Research at Pacific Northwest Laboratory is
largely contained on site. Of the radionuclides aimed at determining the physicochemical forms of ra- ;

. detected in the surface soil, only 3H and 60Co con- dionuclides in groundwater and their role in the sub- '

centrations appear to be derived from waste. Plu. surface migration of radionuclides. Two waste dis-
tonium exists in the anoxic subsurface waters at posal sites were selected as field locations for the
Maxey Flats as a reduced, anionic c oplex; some of research: 1) the shallow land burial site at Maxey
the plutonium appears to be complexed with EDTA, Flats, Kentucky; arid ?) an aqueous low-level waste
whereas organic acids seem to be associated with f 8C I I I tf.. In this report, we describe the following

research at Maxey Flats: 1) a study of groundwater
137 s and 90 r. At the aqueous waste disposal movement and radionuclides migration; ?) the arealC S

site, 3H and mainly anionic species of certain ra- distribution of radionuclides in soil in and around j60 o, 106 u, 99Tc, 131 , and the site; and 3) the role of organic chelators in thedionuclides, including C R ! ;

traces of ?38,739,740Pu, appear tc migrate from a migration of radionuclides. We also report on re-
trench through soil adjacent to the trench. Radio. Search undertaken at the aqueous low-level waste
nuclides in the particulate and cationic forms ap. disposal system: 1) a study of the physicochemical
pear to be efficiently retained by the soil. In forms of radionuclides entering and leaving the
general, observations indicate that the physico, system; and ?) the possible role of organics in ,

chemical form of the radionuclides' mediates their radionuclides transport at the site. I

subsurface migration in groundwater at both waste
disposal sites.

"

INTRODUCTION Maxey Flats Shallow-Land Burial Site

One of the most crucial issues facing the nu. Access to the Maxey Flats shallow land burial
clear industry today is the long-term disposal of site provided us with the opportunity to study the
radioactive wa.te. The concern is not only about subsurface migration of radionuclides at an actual
waste being generated now or in the future but also burial site where the groundwater is anoxic. The
about waste generated in the past which has already Maxe) Flats site is one of several existing commer-
been stored under less than ideal conditions. An cial shallow land burial sites in the eastern United
intensive research effort on waste management tech. States where rainfall is comparatively high. Trench j

nology is currently underway. Research on the cap subsidence and infiltration of surface water into i

long-term storage of high-level radioactive waste waste trenches are greater problems at Wet eastern
appears to be progressing rapidly; several ap.. sites compared to arid western sites. At Maxey

,

proaches are currently being assessed. However. Flats, the resulting seepage of contaminated ground- '

many uncertainties still exist concerning the long, water and remedial construction efforts have spread !

term fate of low-and high-level waste. Much re- the buried radionuclides. Atmospheric transport of |

mains to be understood about the subsurface migra. radionuclides in the plume from an on site water '

tion of radionuclides in soil and groundwater. In evaporator and spillage of radioactive solutions have
spite of this, commercial shallow land burial of also contributed to the spread of radioactivity.
low-level radioactive waste has existed for over
two decades at six sites in the U.S.: West Valley, Aqueous Waste Disposal Site
New York; Maxey Flats, Kentucky; Sheffield, Illi-
nois; Barnwe.ll, South Carolina; Beatty, Nevada; and Access to a low-level aqueous waste disposal
Hanford, Washington. facility provided us with the opportunity to study

the transport of a large number of radionuclides in
Unforeseen problems necessitated the, closing oxygenated groundwater under natural conditions,

of the West Valley and Maxey Flats sites in 1975 Reactor effluent water containing low levels of ra-
and 1977. respectively. Problems included water bioactivity are discharged into a scepage trench con-
scepage into waste trenches and soil subsirience, sisting of a rock-lined basin t3300 m? In area. The
resulting in dissolution by groundwater and subsur- seepage trench is connected to a narrow, unlined
face transport of some of the stored radioactive trench 490 m long x 15 m wide, which lies on a bluff
waste at both sites. overlooking a river. The trench parallels the river.

The effluent water percolates through soil between
The factors governing subsurface migration of the trench and the river, some of it eventually

radionuclides appear to be extremely complex. Re. emerging at seepage springs along the river bank. A
cent research indicates that the mobility of radio- large number of the radionuclides in the effluent

1
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< water are efficiently sorbed onto'the soll during Groundwater from waste trenches and inert at-*-

transit, but some migrate with the groundwater, mosphere sampling wells at Maxey Flats were col-.
.

"' presumably because of their physicochemical forms. lected and concentrated prior to chemical analysis.-

-The advantages of using the aqueous disposal system Water samples which underwent detailed chemical spe-'

to study radionuclides migration in groundwater are: ciation analyses for complexes of radionuclides and
1) accessibility; 2) measurable concentrations of organic chelators were subsequently fractionated b)

>|radionuclides; 3 .a well-defined source of aqueous steric exclusion chromatography prior to chemical
effluents; and 4 short transit distance from the - analysis.'
trench to the springs.

Trench and spring waters from the aqueous low-
level waste site were pumped through a PNL large-

EXPERIMENTAL METHODS volume water sampler, which fractionates chemical
- species on the basis of their physicochemical form

In 1979 we constructed an experimental study into particulate, cationic, anionic and nonionic
area adjacent to the waste-filled area at Maxey fractions.(4) Water was pumped directly from the
Flats. A slit trench consisting of five sections trench inlet and from the springs through the sam.

*

was installed adjacent to waste trench 27 to inter - plers which consist of assemblies containing membranecept subsurface water ficw from the waste-filled filters,-ion exchange resins and activated aluminum
area, oxide beds. The filters remove the particulate forms

of the radionuclides, the resins remove soluble cat-
ionic and antonic species and the activated aluminum

;--- n oxide removes nonionic species. Five to ten liters
om i of trench water and up to ?000 liters of spring water

| were pumped through these assemblies on three field'

wa,sgrgga p March 10, 1981; June 17, 1981; and Septembervs

n,.....
_

i , ,
i.swecee ", o sv. g

i j The analytical procedures used in our research-
!O-'
i I

"m 'o'"' have been described in detail elsewhere.(5) Radionu-
-

,,

clides in the surface soil were analyzed by in situ
o w'a f gamme ray spectrometry using an intrinsic germanium,,, o

detector. Radionuclides in water samples were ana-
g'_ m, lyzed using a- number of techniques. Tritium analysesy

we | were performed by liquid scintillation; 90 r wasS
^*''""N o k. chemically separated and counted on a beta propor-, , o* 7^ tional counter. Gamma-emitting radionuclides were

analyzed by gamma-ray spectrometry using a Ge(L1)(

.[ detecter. Plutonium and americium were determined"
i

, o o be / using solid state detectors and alpha energy analysis
w ,, o p una . 7 following radiochemical separations. Nonradioactive

4,y species were analyzed by neutron activation analysis,,

using the PNL suberitical neutron multiplier (6) and
by chemical and instrumental analysis Organic anal-,,o o

"
yses were performed by gas chromatogb aphy (GC) and
combined GC-mass spectrometry (GC-MS) using a proce-
dure specially designed for radioactive water sam-
ples.(7)

Figure 1. Experimental study area at the Maxey RESULTS AND DISCUSSIONFlats shallow-land burial site. A
series of experimental trench sections Studies at Maxey flats Shallow Land Burial Site
(T1-TS) and inert atmosphere wells
(e.g., WIN) were installed rijacent to Groundwater Movement and Radionuclides Migra-waste trerch ?7 to permit concurrent tion. Initial radionuclides concentrations in watersampling of leachate from trench ?? whicn flowed into the experimental trench during con.(sump or well point) and water from the struction were c aparable to those in waste trench 27
experimental trenches and wells. leachate (Table 1), indicating that subsurface migra-

tion of radionuclid . has occurred at Maxey Flats.
Groundwater was sampled during and after the exper. When the experiment 1 trench was resampled later, the

jimental trench's construction from sumps placed in radionuclides concentrations were much lower, perhaps
each trench section. Nonradioactive tracers were because the trench design perturbed the migration of
added to sections of the experimental trench durin9 radionuclides. Consequently, we installed and sam-
its construction to monitor groundwater flow and pied a series of inert atmosphere wells around the
test various design features of the experimental experimental trench,
trench. Sodium bromide was added to trench sec- Tahic 1tions 1, ?, 3 and 5 as a groundwater tracer to test Comparison of Radionuclides Concentrations
whether groundwater connunicates between the exper- in Waste Trench 27 Leachate (5-78) and initialimental study area and the waste-filled area. Experimental Trench Inflow (9-79)Pentafluorobuntoic acid was added to the cap of
trench section 4 as a cap tracer to test whether Trench Concentration pCi/lwater 50 cps through the experimental trench cap. A H fotal Pu %r Ld "7series of inert atmosphere sampling wells were sub- Waste: E9705 4.d+0J T.TTii5 1.puJ 3.0+0J
sequently installed around the experimental trench.

.

The experimental-wells were filled with argon be. Experimental:

tween the periodic sampling trips. Sect'on 11 3.7+011 3.6+01 6.7+03 3.6601 0.5+01
,

Section TPE 1.7+09 6.1+01 1.7+05 ?.?+0? 1.6+03
Section T?W 4.?+09 3.4+03 1.6+05 9.7+03 4.6+03
Section T3E 3.4+09 5.0+03 1.1+05 6.0+03 9.0+01

M
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Evidence of the groundwater tracer, sodium experimental trench sections TP and T3 have decreased
<

.

. . bromide, was found in leachate from waste trench 77 markedly since the experimental trench was con-
and water from several experimental wells. Changes structed, indicating that there is substantial move-
in bromine concentrations were observed in waste ment of water away from the experimental trench in
trench ?7 leachate and in water from the experi- this region. The tritium concentration in waste
mental trench and inert atmosphere wells, indi- trench 27 leachate has been relatively' stable duringcating that there is some communication by ground- the same time; the waste trench leachate apparently !

;

water flow between these locations (Table ?). Bro- did not flow toward the experimental trench to main-
mine concentrations in waste trench ?7 leachate tain the tritium concentrations near the levels thatwere quite low prior to the construction of the were originally. observed in sections TP and T3. It

| experimental trench. Following trench construc- is unlikely that this degree of dilution could have'

tion, the bromine concentration in waste trench 77 come from water filtering through the trench caps, jincreased from ?.8 to a60 ppm, indicating that some since only one of the nonradioactive tracers in-
of the NaBr tracer had moved into waste trench 27 stalled in these caps was detected in trace quantity
Bromine concentrations in inert atmosphere wells in section 4 of the experimental trench. Both.the
W3N, W3NA and W?NA were high indicating strong tritium and bromine data indicate that some waterconnunication, whereas wells WIN, W?N and W5N do flow has occurred away from the experimental trench
not appear to be connected to the NaBr source. and toward waste trench 27 during the study period.
When radionuclides concentrations are compared (see Water from sections T? and T3 would therefore be
Table ?), only W2NA and W3N appear to be closely diluted by subsurface lateral flow of low-tritium
related to waste trench 27, possibly connected to water moving from the south toward the experimentalit by subsurface fractures, trench.

Table ?
Comparison of Radionuclides and Bromine Concentrations in Waste

Trench 27 Leachate (5-78 and 9-80) and Wa,ters from Experimental Wells (9-80)

Waste Trench 27 Radionuclides Concentration (DC1/1) Bromine
4H Wu AJiel*JPu Sc5r ppm

Sump (5-78) 5.9+08 4.1+03 6.7+02 2.1+05 ?.8+00
Sump (9 80) 4.6+0?
Well Point (9-80) P 7+00

'

Experimental Wells (9-80)
.

WIN 4.7+05 3.7+01 6.0+00 1.5+0? 1.0+00
W?N ?.9+06 7.1+01 7.7+01 3.3+0? ?.0+00
W2NA 7.7+08 224+0? 4.8+00 1.7+04 1.7+0?
W3N 1.?+09 2.'+03 4.4+01 3.4+04 8.?+0?
W3NA ?.0+07 ?.3+01 5.0+00 ?.4+0? 5.?+0?
W5N 1.0+03 9.4+00 5.0+00 P.1+0? 5.0+00

The presence of tritium in leachate from waste
trench ?? allowed us to exploit an excellent in Areal Distribution of Radionuclides in Soil
situ water tracer to monitor groundwater movement
in the vicinity of waste trench 27 and the experi- In mapping the areal distribution of radioactiv-
mental study area. Tritium concentrations in water ity in Maxey Flats soll we grouped the radionuclides
from the experimental trench are swraarized in Fig- we measured into two broad classes: 1) radionuclides
ure ?. The tritium concentrations in samples from endogenous to soil such as 40K and ??STn; and ?)

radionuclides exogenous to soil such as 60 o andC
72w 137 Cs, which may originate from global fallout or the,

'w - - - - - - -. nuclear fuel process. For example, any 60 o andC

137 s identified at Maxey Flats could be attributede 72E C
E y to global fallout or nuclear waste buried at they m _

C'in site, depending on the levels of radioactivity pres-tivy

r* - ri ent. In situ counting measurements and soil analysesg. performed in the main drainage channels leading from
E the site indicated the rcdionuclide concentrations in$w . the soil are very low. Cesium-137 and 60Co were the
9 raw most abunJant radionuclides of exogeneous origin.
t The concentrations of these two radionuclides in the
E surface soil generally ranged from 14 pCi/gm of solljW but were occasionally slightly greater than ? pCl/gm.
E Slightly clevated 60 o levels were measured at theC
$ it' '

--

tops of the east and south drainage channels next to
M # - ~ the fenced area. but concentrations were comparable
8 to global fallout levels in the hollows below.

15 Cobalt-60 concentrations measured in the west drain-
age channel were confirmed by soll sample analyses to*

The 60 o concentrations on thebe surface-depasited. Cs is 3 so s no 3 si s si
* west side nf tne site approach global fallnut levels

about 100 meters from the site. Cesium-137 concen.
Figure ?. Tritium concentrations in the experi- W Nns measured at all locati ns by in sita c unt.

mental trench sections daring Septem- ing and by s il sample analysis were comparable to
ber 1979 through June 1931. 9 I * I D"E 5'

3
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whether the organic compounds identified in the sur-Organics and Radlonuclide' Migration e

''' #. vey study are complexed to radionuclides. After
,-

i
.

,

Water samples from waste trench ?? and several steric aclusion fractionation of the waste trench 27 -i
inert atmosphere sampling wells (WIN, W?NA, W3N,. leachate, several peaks appeared in the UV chromat-
and W3NA) were analyzed for there hydrophilic and- ogram, corresponding to column-included organic. con-
hydrophobic organic content. Selected hydrophilic. *talning species. Plutonium eluted in one region of

. and hydrophobic organics identified to date are- _ _..the.UV chromatogram.just. prior to 90Sr and 137 s.- ~C
ljsted in Table 3. ' EDTA co-eluted with plutonium, suggesting that EDTA T

Table 3
Selected Organic Compounds in Water from Experimental Wells-

Compared to Waste Trench Leachate

Waste Trench (ppb)b Inert Atmosphere Wells (ppb)b
WFT-?? WIN W?NAL W?NAU - W3N W3NA-

-Hydrophilic Ornanicsa
Dimetnyl Pntnalate 97 ? 115 11 1 ?

Hexadecanoic Acide 18- 4 48 1? 8 4

Pentafluorobenzoic Acide Trace
Octadecanoic Acide 17 4 111 9 6 3

Ethylenediaminetetra-
acetic Acid (EDTA)e 990 1330 840

.

Hydrophobic Oraanics
| Hetnyl Methacrylate ?. 9 .

Dichloromethylbutane ? 7 38 3 21 36

Dodecane 4 19 19 .

?(3H)-bd20thiazolone 835
Pentaf..>robenzoic Acid 1067
e Methyi".ed Sf / Methanol; b No entry indicates compound is below detection level;3
c Sampled 5/18/81; O Sampled 8/17/81; e Methyl Ester

The chelating agent EDTA is the most abundant is complexed with plutonium in the waste trench
j of the hydrophilic spectes, epeaMng in three sam- leachate. This finding agrees well with an earlier .s

observation that plutonium in leachate from wastec ? e (0 9 m a d tnt
ples from experimental well WtNA (1.3 ppm and 0.84 trench ?7 exists as a strong anionic complex.(8)
ppm, collected on May 18, 1981, and August 17 Earlier binding studies with solutions of Pu3+, Pu4+ '

1981,respectively). The appearance of EDra I and EDTA also revealed that the presence of a strong
waste trench 77 and'in the vicinity of expt.1 mental chelator-like EDTA, even at low concentrations compa-
trench section ? but not in the vicinity of experi- rable to those at Maxey Flats, may actually be more
mental trench sections 1 and 3 argues that there is important than the oxidation state of plutonium in ,
a very specific conynunication between waste trench determining whether plutonium adsorbs or migrates in
?? and the vicinity of experimental well W?NA. The soil, (8) '
other organic species identified in the hydrophilic
organic fraction are generally much less abundant A variety of organic acids and other hydrophilic
(ppb levels), and consisted mainly of carboxylic com ounds co-eluted with the 90Sr and 137 s. It thus'Cacids, potential chelators of radionuclides such as appears that enelation of radionuclides by polar or-
137 s and 90Sr. A trace of the nonradioactive ganic species such as organic acids may provide a !C
tracer pentafluorobenzoic acid (added to the cap of mechanism for the migration of radionuclides at the
experimental trench section 4) was identified in Maxey Flats commercial shallow land burial site.
the leachate, suggesting communication between

~

experimental trench section 4 and waste trench 27. Studies at an Aqueous low-Level Waste Disposal Site

Most of the hydrophobic organics isolated from A variety of radionuclides werc detected in the
the water samples were present at ppb levels. The 46Sc 51 r, 54 n, 57 o.C M Ctrench water including:most interesting exception was pentafluorobenzoic 59Fe, 60 o 65 n, 95 r, 95Nb, 103Ru, 106 u, I?4Sb,C Z Z Racid (1.1 ppm) which appeared in waste trench ??
Icechate, confirming its presence in the vicinity I?SSb, 131 , 134Cs, 137Cs, 140g3, 141 e, 144Ce and1 C

of the waste-trench and arguing again for communi- transuranic radionuclides. Most of the radionuclides
cation between experimental trench section 4 and enter the trench at least partially in the particu-
the waste trench. In general, water samples from late, or insoluble, form (Table 4). The solubic spe-
the experimental trench area contained only a cles of each radionuclides in the trench water were
scattering of hydrophobic organics. Some of the either predominantly cationic, anionic, nonionic or a
compuunds, however (e.g., dichlorome,thylbutane)* mixture of these forms. Cobalt-60, 54;.:n, 59 e andf

are not typically found in uncontaminated soll g37Cs are the predominant ganna-emitters. Occasion-
ally, a number of short- to intermediate-lived radin-r 7 on it a ve t o o- nuclides appcared in the trench water, including thephobic organics, possibly asso;iated with wasto

dumped into the trench, radioiodincs (131,137.133,135g),140ga 140 a andL

99 o,M
The presence of relatively high levels of

organic chelators like EDTA in the water samples In general, the physicochemical forms of the*

,

prompted a second major research ef f ort, a detailed radionuclides in the trench and spring waters dif. k

chemical speciation study aimed at determining
,

*
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1

7.M$1 4b.%
,

.~
1



, ,
_ _ _ _ _ ___

' '
'

*'

fered markedly. The radionuclides emerging in the af fect their mobility in groundwater. Therefore, we(lverbank springs are primarily those which exist undertook a comprehensive identification and quanti-1-

to anionic or nontonic species, i.e., 51 r, 60 o. fication of the major and minor dissolved organic+
C C.

99tc, 106Ru, liS$b and 1311 As the trench water species in the trench and spring waters. The major-
.

percolates through the soil to the riverbank organic compound in a sa'rple of trench water n.as been
springs the particulate and cationic species appear identified as citrate (0.38 ppm), a chemical used ex-
to be efficiently removed by filtration, sorption, tensively in decontamination solutions. The trench
and ion exchange mechanisms by the soil. Unlike water also contained traces of oxalic acid (another

TABLE 4 i

Physicochemical Forms of ~ Radionuclides in Trench and Spring Haters
at Aqueous Low-Level Waste Site

% of Total in Various Forms
4

Physicochemical
Form 60Co 99mTe 103Ru I?4Sb 1311

Trench Springs Trench Springs Trench Springs Trench Springs Trench Springs

Particulate 49 0.3 ? 0.03 66 0.1 79 0.09 0.4 0.0
Cationic 49 17 3 0.08 16 4 35 0.5 19.6 0.4
Anionic 1 73 93 99 7 13 91 73 5.4 78 9?
Nonionic 1 9 ? ( 5 5_ 13 94.5 ? 7.5

the 60 o in the trench water, which was mainly par- d6 contamination agent), silicone oils (presumablyC

ticulate and cationic, the 60Co in the spring water used as lubricants at the reactor) and palmitic and
was mainly anionic and cationic. The physicochem. stearic acids. The major organic compounds in the
ital form of 106Ru in the trench water varied spring water were palmitic and stearic acids (1.8 ppb

and ?.3 ppb, respectively), whose origin is biologi-considerably. Durin9 the March 10* 1981 samplin9 cal. These acids could originate as natural dacaythe 106Ru was mainly cationic, whereas on June 17,' products of the decomposing biota in the trencn or
1981 and September ??, 1981 particulate 106Ru was they could be a residue from soaps or detergents used
prevalent, and the anionic and cationic forms wer e in the reactor. Organic acids have the ability to
approximately equivalent. However, the 106Ru complex iron and other transition metal radica-
observed in the spring waters was always mainly clides, and could enhance their groundwater mobility
anionic. In general, the 175Sb in the trench water ** '#' ' "" ' ** * *'

9" * " W '* * *was equally particulate, cationic and anionic. In
in the migration of radioactivity in the grouWaterthe spring water, however, 80-9?% of the 1?bSb was at this site.nonionic, the remainder being anionic. In con-

trast, the 99Tc and 1311 in both trench and spring
waters were mainly anionic as expected. ACKNOWLEDGMENTS
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