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ABSTRACT

As part of the NRC efforts to develop a data base on source term charac-
teristics for low level wastes, Brookhaven National Laboratory (BNL) has pro-
duced and analyzed a large amount of data on trench leachate chemistry at
existing shallow land burial sites. In this report, we present the results of
our investigations at the Maxey Flats, Kentucky disposal site. In particu-
lar, data on trench leachate chemistry are reviewed and discussed in terms of
mechanisms and processes controlling the composition of trench solutes. Par-

ticular emphasis is placed on identifying both intra- and extra-trench factors
and processes contributing to source term characteristics, modifications, and
uncertainties.

BNL research on the Maxey Flats disposal site has provided important in-
formation not only on the source term characteristics and the factors contrib-
uting to uncertainties in the source term but also some generic insights into
such geochemical processes and controls as the mechanics of leachate forma-
tion, microbial degradation and development of anoxia, organic complexation
and radionuclide mobility, redox inversion and modification of the source
term, solubility constraints on solute chemistry, mineral authigenesis, corro-
sion products and radionuclide scavenging, and the role of organic complexants
in geochemical partitioning of radionuclides. A knowledge of such processes
and controls affecting the geochemical cycling of radionuclides as well as an
understanding of the important factors that contribute to variability and un-
certainties in the source term is essential for evaluating the performance of
waste package and the site, making valid predictions of release for dose cal-
culations, and for planning site performance monitoring as well as remedial
actions.

The problems associated with unsegregated, poorly packaged, and un-
stabilized wastes encountered at the Maxey Flats disposal site point to the
need for waste segregation, improved stabilization, and proper packaging.
Stabilized, packaged waste not only ensures trench stability but also de-
creases the rate and extent of leaching and microbial degradation of buried
waste. In addition, the uncertainties in the source term are reduced.
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EXECUTIVE SUMMARY

As part of the NRC efforts to develop a data base on source term charac-
teristics for low level wastes, Brookhaven National Laboratory (BNL) has been
involved in source term investigations at the commercially operated shallow
land burial sites located in the eastern United States 'Barnwell, South

Carolina; Maxey Flats, Kentucky; Sheffield, Illinois; and West Valley, New
York). The BNL research effort, during the past several years, has generated
-a large amount of data on source term characteristics and geochemical controls
on trench leachate chemistry at existing shallow land burial sites. Current
disposal procedures are much improved from those practised in the past, but
several of the factors, conditions, and processes observed by BNL at these
sites may be er.pected to occur at future shallow land burial sites.

BNL research on the Maxey Flats disposal site has provided some generic
insights into such geochemical processes and controls as the mechanics of
leachate formation, microbial degradation and development of anoxia, organic
complexation and radionuclide mobility, redox inversion and modification of
the source term, solubility constraints on solute chemistry, nineral authi-
genesis, corrusion products and radionuclide scavenging, and the role of or-
ganic complexants in geochemical partitioning of radionuclides. A knowledge
of such processes and controls affecting the geochemical cycling of radio-
nuclides as well as an understanding of the important factors that contribute
to variability and uncertainties in the source term is essential for evalu-
ating the performance of waste package and the site, making valid predictions
of release for dose calculations, and for planning site performance monitoring
as well as remedial actions.

In this report, we present the results of our investigations at the Maxey
Flats disposal site. In particular, data on trench leachate chemistry are re-
viewed and discussed in terms of mechanisms and processes controlling the com-
position of trench solutes. Particular emphasis is placed on identifying both
intra- and extra-trench factors and processes contributing to source term cha-
racteristics, modifications, and uncertainties.

i

A combination of hydrological and biogeochemical factors determine to a
large extent the formation and compositions of trench leachates. At the Maxey
Flats site, the waste trenches are located in non porous, fractured shale of
low hydraulic conductivity. This results in accumulation of rainwater that
infiltrates through the trench caps. Such accumulation of stagnant water and
its eventual overflow, which has been termed the " Bathtub Effect," has been
observed in the Maxey Flats trenches. Because of the long residence time of
accumulated water in the trenches, prolonged leaching and microbial degrada-
tion of buried waste material occurs continuously and leads to leachate forma-
tion. As a result of such interactions for extended time periods, the resul-
tant trench leachates acquire geochemical properties which are unique, com-
pared to ambient groundwater. Relative to ambient groundwater, the Maxey
Flats leachates exhibit significant modifications in terms of inorganic,
organic, and radionuclide solute constituents, attributable primarily to
microbial degradation and leaching of buried waste materials.

xiii



The development of anoxia in trench leachates is largely controlled by
microbial degradation of organic matter present in the buried wastes. A large
fraction of wastes buried in the trenches consists of unconsolidated organic
materials. Many components of these materials are subject to bcth nerobic and
anaerobic microbial degradation processes. The anoxic conditions observed in
the trench leachates are characterized by negative redox potentials, low dis-
solved oxygen ecd sulphate concentrations, the presence of dissoivcd sulphide,
and high contents of alkalinity c id ammonia, reflecting the nature and inten-
sity of the microbial processes. An evaluation of redox equilibria and redox

O /Fe + and S0g2 /H S couples2
buffering in trench leachates indicates that 'e2 3 7

appear to be the dominant buffers controlling the redox condition; in most
trench leachates.

The enrichments, to varying degrees, of inorganic, organic, and radio-
nuc ide constituents associated with fuel cycle and non-fuel cycle low-level

-

wastes reflect the nature of the leaching process itself and of the waste ma-
terials. Elevated concentrations of Na+, K+, Fetotal, Mntotal, Cl~, dis-
solved organic and inorganic carbon and several organic compounds, as well as
radionuclides such as H-3, Am-241, Co-60, Cs-134, Cs-137, Sr-90, Pu-238, and

.

Pu-239,240 are a consequence of waste leaching. Some of the waste-derived
'

organic compounds present in the trencbes such as chelating agents and several
carboxylic acids are strong comple<ing agents and have the potential to foea
stable radionuclide complexes and thus enhance nuclide mobility.

In Maxey Flats trench leachates, representing relatively stagnant
systems, where the products of waste leaching and microbial degradation are
continually genercted and subsequently accumulate, the leachate solutes are
also subject to abiogenic precipitation reactions. The WATEQF geochemical
code used to calculate saturation states of trench leachates with respect to
several mineral phases indicate calcite, dolomite, and rhodochrosite are like-

2 2ly to form and exert control on the concentrations of Ca +, Mg +, Mn +, and
2. In the case of iron equilibria, gross supersaturations are found withC03

respect to siderite, mackinawite, amorphnus FeS and pyrite. Some leachates,
however, exhibit saturation with respect to vivianite, indicating that the

2 3-Fe + and P0g concentrations are most likely controlled by this mineral
phase.

Laboratory oxidation experiments, performed to obtain generic i n f o rma t ion
on the behavior of anoxic trench leachates as they encounter a less reducing
environment along groundwater flow paths, demonstrated that, upon oxidation, a
series of chemical changes were initiated which resuits in a drastically dif-
ferent solute chemistry. The experiments further showed that, even though
precipitation of ferric oxyhydroxide occurred in most cases, coprecipitation
or scavenging of the radionuclides was minimal. These observations indicate
that some of the radionuclides may have formed complexes with organic complex-
ing agents sufficiently stable to withstand scavengiog by authigenic ferric
oxyhydroxide, which represents a geochemical discontinuity where iron-rich,
anoxic waters encounter a more oxidizing environment.

.
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Evaluation of the balance between the initial' alkalinity of trench leach-
_ates'and the'a'cidity generated as a result of the ferrous iron oxidation re-
action ~shows that.the Msxey Flats-leachates' represent well-burfered systems
and that-theJamount of acid generated is not appreciable to affect the balance

$between acidity and alkalinity. This is important considering that an acid
11eachate'would not only affect the inorganic'and radionuclide solute species
but also havs a significant effect on leachate-sediment interactions.

[ Solubility'calculationsindicatethat, in addit' ion to significant changes
observed in solute' chemistry upon oxidation, certain carbonate and oxide min-
eral phases may. form and exert control on solute chemistry at geochemical
. interfaces',: representing' sones where iron-rich, anoxic waters six with oxic
groundwater.; These authigenic minerals could also have a profound effect on
the. geochemical. partitioning of radionuclides.

Radionuclide sorption experiments performed to evaluate the role of or-
genic complexing agents in waste migration show that cobalt forms relatively
strong complexes with EDTA and NTA and that these complexes persist in
strongly reducing,' anaerobic environments typical of burial trenches, where,-

anoxic conditions develop.. As a result of the formation of such stable com-
plexes, Maxey Flats shale.is not very effective in removing cobalt from solu-'

Ltion. Un tne other hand, the sorption of cesium and strontium remains unaf--
-fectedrin the presence of-added complexing agents, indicating little affinity'

for alkali metals towards' complex formation. These observations, together
with our. findings of a lack of removal of radionuclides from solution by-
authigenic ferric oxyhydroxide in oxidized trench leachates containing com-
plexing agents,-indicate the important role organic complexants play in the
geochemical partitioning and mobility of radionuclides.

.

In situ leachate migration experiments conducted in the vicinity of two
iburial' trenches demonstrated that migration of inorganic, organic,'and radio-
:nuclida constituents does indeed occur on the disposal site. The experimental
trench. facility experiments showed that migration of contaminants occurs by

' subsurface. pathways both out of and into trench 27. Experiments conducted in*

the vicinity of trench 19s also indicate subsurface migration of radionuclides
away from the trench boundary. Because of its non-reactive nature, tritium
was.found-to'be the most mobile, and cesium the least. The types'and concen-
trations levels of organic and radionuclide contaminants observed in well
waters US1 and UB1-A also suggest on-site, subsurface migration of leachates,
derived from neighboring trenches, in the general direction of the UB wells.'

.In most cases,'the observed subsurface leachate migration is believed to occur
-along the fractured lower sandstone marker bed, which represents the base of
~most trenches at the site. Because Na+,~Cl ,~and H-3 are enriched in the,
trench leachates, as a result of waste leaching, and because they are known to
be 'non-reactive geochemically, they serve as excellent inert tracers for
leachste migration, as evident from the observed concentration gradients in
the vicinity of trench 27.
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The problems associated with unsegregated, poorly packaged, and un-
stabilized wastes encountered at the Maxey Flats disposal site point to the
need for waste segregation, improved stabilization, and proper packaging.
Stabilized, packaged waste not only ensures trench stability but also de-
creases the rate and extent of leaching and microbial degradation of buried
waste. In addition, the uncertainties in the source term are reduced.

_
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1. INTRODUCTION

.Modeling ofLlow-level' waste' disposal-sites is an important consideration
:in evaluating the capability of future sites to conform with 10 CFR 61. A re-
liable estimate of < the source term is essential for evaluating the performance
of's waste package and the site, making valid _ predictions of release .for dose
calculations, and for planning site performance monitoring as well.as remedial

Jaction in the event of seepage at the site.

~

Studies of existing low level waste disposal'aites provide a unique
opportunity to investigate the behavior-and fate of radioactive waste nuclides
in a natural setting and to assess the suitabilty of similar sites for future

. disposal of low level radioactive wastes. In addition, such investigations
: provide valuable information on source . terms under a range of hydrological and

'

igeochemical conditions, on site behavior and waste package performance. The-

' effects of disposal of unsegragated, unstabilized, and poorly packaged waste
on trench environment can also be estimated.

.

As part of the NRC efforts to ' develop a data base on source term charac-
_

teristics, Brookhaven National Laboratory (BKL) has been involved in source
term investigations at the commercially operated shallow land burial sites lo-
cated in the eastern United States (Barnwell, South Carolina; Maxey Flats,

- Kentucky;: Sheffield.. Illinois;' and West Valley, New York). The BNL research
leffort, during the past several years, has generated a considerable amount of
data on source term characteristics and geochemical controls on trench leach-

Late chemistry at existing shallow land burial sites. Although the current.
: disposal procedures are' much improved from those practiced in the past, it-is

~

. highly likely that several of the factors, conditions, and ' processes observed
by BNL 'at these sites can be expected to occur at future shallow land burial
sites.

Although difficult to interpret quantitatively because of the hetero-
geneity and a lack of knowledge of the quantity and reactivity.of the buried

~

waste meterials, BNL work,'especially at the Naxey Flate disposal site,' has-
provided some generic. insights into such geochemical processes and controls as.
the mechanics:of. leachate formation, microbial degradation and development' of
anoxia . organic complexation'and radionuclide mobility, redox inversion and'
modifications in the source ters, cerrosion products and radionuclide scaveng-

.ingi and solubility constraints and mineral authigenesis. A knowledge of such'

. f actors,' controls, and processes which' characterize the source term and con-
tribute to source term modifications is essential for obtaining a reliable-~

. estimate of the source term, an important consideration in evaluating the
capability;of future sites to conform with'10 CFR 61.

In this report, we present the results of our investigations at the Maxey
Flats disposa1' site.'. In particular, data on trench leachate chemistry are re-

- viewed and discussed-in' terms of mechanisms and processes controlling the com-
position of trench solutes.' Particular emphasis is placed on identifying both
intra- and extra-trench factors and processes contributing to source ters

. characteristics and modifications.

1
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The main issues addressed in this report include:

Vhich processes control leachate formation and development of anoxiae
in the trenches?

What are the important solute constituents characteristic of trenche
leachatest

e What processes and couples determine redox equilibria and buffering
in trench leachates?

What are the important biogeochemical processes controlling leachatee
compositions?

What are the solubility constraints on leachate composition?e

e What is the potential role of waste-derived organic solutes on radio- )
nuclide partitioning and mobility?

What are important constituents that serve as conservative tracerse
for leachate migration?

What are the important extra-trench processes contributing to sourcee
term modifications? Does authigenic ferric oxyhydroxide act as an in
situ scavenger for radionuclides and to what extent can radionuclide
complexes withstand scavenging by authigenic minerals?

Vhich solute constituents serve as tracers for in situ leaching ande
microbial degradation of buried wastes? ,

The relevance of the findings of this study to NRC needs.e

1.1 Site Characteristics and Hydrogeology

Detailed descriptions of site characteristics and hydrogeology have been
reportea by Zehner (1983) and Meyer (1976). Briefly, the buri ' site is lo- -

cated on Maxey Flats, an eroded plateau in the knobs region oi northeastern
Kentucky (Figure 1.1). The plateau rises approximately 300 to 400 feet above
the surrounding alluvium-filled valley. The Maxey Plats region has a humid '

continental climate with sharp contrasts between winter and summer months.
Based on the reported mean annual precipitation of 43 inches, the Maxey Flats
site can be characterized as a humid site.

As shown in the diagrammatic geologic section of the Maxey Flats site
(Figure 1.2), the burial trenches are excavated entirely in the Nancy Member
of the Borden Formation. The upper 1 to 25 feet at the site is yellow brown
regolith composed of weathered shale. McDowell et al. (1971) reported the ._

presence of two sandstone beds of variable thickness (in feet) located at
about the midale and at the base of the regolith. In some places, the shale
between the two sandstone beds is partly weathered, imparting a mottled yellow

. .
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Figure 1.1. Location of the Maxey Flats waste disposal site (From Zehner, 1983).
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brown and gray color to the rock unit. The unweathered part of the Nancy
Member, which averages about 15 feet in thickness, extends from the base of
the lower sandstone bed in the weathered part of Nancy shale and is underlain
by a 1.5-foot thick sandstone bed, at a depth of approximately 25 feet.

I ~ :|Shcle
D !1 Sandstone

| IColluvium and alluvium

0-
__

Typical burial trench -

: : : :-: + - Nancy Member
_ _ _ _ _ . - -::::::::::::::::::::::::: _ . BORDEN

-- -- Formers Member FORMATIONand basal.
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s ._ce_ _re_:+:+:+:+10_: _ = :- - -:+:ez , == = _ , ___

. _ ______ _

$ hhh!!!f5fhh!!Nhi!bb!Nhb ~: IN~ i$!)
~

VERTICAL EXAGGERATION
400- APPOXIMATELY x 4

Figure 1.2. Diagrammatic geologic section of the Maxey Flats site ( Af ter
,*

zi Zehner, 1983).

About 80% of the rocks underlying the burial site are shale. Because of
the extremely low hydraulic conductivity of the bedrock, virtually most
groundwater movement occurs through fractures and joints. Saturated zones are
present in the upper part of Nancy Member. The upper most water table is
perched in the soil zone overlying the poorly permeable unweathered Nancy
shale and supplies the shallow wells on Maxey Flats. According to Meyer
(1976), almost all water discharging from the site and from the underlying

4

. . . _



rx q
i

-

-

o y.
'

|-o
;

. -

subsurface forsations is believed to originate from precipitation falling on
.:the site.. Zehner-(1983) estimated the maximum potential discharge from
- bedrock in the drainage below the site to be 0.1 inch per year, which

.

-corresponds to about 5% of the mean annual base flow. The remaining 95% is
reported to be-groundwater discharge from colluvium and alluvium that cover
valley slopes and bottoms.

:

1.2 Site Operations ;

* The Maxey Flats site was operational from May 1963 until the end of*

:1977. By 1972,-some' of the completed trenches were filled or partially filled
' ~ with infiltrating water. A water management program was initiated'to remove >

!the accumulated water in the trenches and to control further entry of water.-
l' Efforts towards water. removal included pumping the water out of trenches,.

storing the leachates in a surface storage tank, reducing the leachate volume
iby evaporation, and solidification of evaporated residues for eventual-dispos-

al'on site. Efforts to. minimize water ingress included grading and improving : 3

surface drainage, recapping older trenches to reduce cap permeability, and
establishing a vegetation cover over completed trenches (Mills and Page,
1982). A temporary remedial measure taken in 1981 to minimize entry of infil-*

trated. water into-the trenches involved installation of a 15 mL PVC plastic
' ~ cover over the surface of trenches located in the middle and western sections

Iof the burial area. As a short-term solution, the trench cover appears to be .
- effective ~ inL preventing surface runoff from infiltrating into the trenches.

- 1.3 Waste character. Inventory and Burial4

Based on reports by Zehner (1983), Mills and Page (1982), Meyer (1976), -
'

Gat et al. (1976) and Clarke .(1973), the following information has been ,

g,.chered on the waste inventory of the site and on the character and volumes ;

-of wastes buried at the site.

During 1962-1977, the period of commercial operation, approximately 4.8*

million cubic feet of waste cosprising of 2.4 million curies of, by product ma-
terial, 431 kilograms of special ' nuclear material, and 533,000 pounds of

~

,

-source material were buried at the site. As defined in 10CFR20, by-product
material represents materials that become radioactive by neutron activation in ;

- . reactors; special nuclear material consists of plutonium, U-233, and enriched'

U-235; and source material corresponds to uranium and thorium, but does not
include special nuclear material.

Most of the wastes buried at Maxey Flats were in solid form and consisted
of low activity wastes such as paper, trash, clothing, protective apparel, la- ;

. #

boratory glassware, obsolete ' equipment, radiopharmaceuticals, and miscella-
neous rubble. Higher activity wastes included solidified liquids, shielding

' accessories,' filter cartridges, ion-exchange resins, and activated metals.
Transeranic wastes are generally associated with glove boxes, rubber tubing,=

gaskets, plastics, paper and rags.

5
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Most solid wastes were contained in 55-gallon steel drums, especially the
more hazardous materials. The less hazardous wastes were generally packaged
in fiberboard boxes or wooden crates. During the early years of operations,
burial of container-enclosed liquids and solidified liquid wastes is also re-
ported to have occurred (Zehner, 1983). The packaged solid wastes were dumped
at random in large rectangular trenches separated by 5 to 10 feet of shale and
covered by 3 to 10 feet of compacted clay admixed with crushed shale. Many
packages were crushed from the impact of dumping or during compaction of the
trench cap.

Most trenches are about 300 feet long, 25 feet wide, and 20 to 25 feet
deep. The bottoms are slightly sloping to facilitate collection of infil-
trating water accuaulated at the bottom of the riser pipes. Most trenches
contain one or two steel riser pipes, which are used for routine observation
of water levels and for removal of trench water.

Zehner (1983) reported that "s" trenches, such as 5s and 198, were used
for burial of "special" types or asaunts of wastes having relatively long bio-
logical or radioactive half-lives (9r-90, Plutonium). Solidified liquid
wastes, or liquid holding tanks, were buried in "L" trenches. Most "L"
trenches are much smaller than the common trenches. Trench 33L consists of
several adjacent olit trenches, ranging in width from 2 to 8 feet. The slit
trenches, about 250 feet long and 10 feet deep, were lined with plastic and
filled with liquid waste slurries, which eventually solidified. For example,
cement and urea formaldehyde were used as solidification agents in slit
trenches 33L4, 33L11, 33L16 and 33L17, and 33L3 and 33L18, respectively.

Some trenches have one or more riser pipes for water removal. The riser
pipes are identified by a amnber or letter following the trench number.
Trench 34 has four riser pipes, trench 31 has risers in its east and west
ends, and trenches 40, 43, and 44 have risers in the north and south ends.
The 33L slit trenches have one or more riser pipes.

As compiled by Zehner (1983), approximate trench dimensions and their
closure dates, waste volumes and the amount of radioactivity at the time of
burial in each disposal trench at the site are shown in Table 1.1. The levels
of radioactivity of liquid wastes are also included in the Table. For the
purposes of this study, it should be noted that trench 2 was closed in 1963
and trenches 40 to 45 in the mid seventies.

6
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. Table 1.1. Trench dimensions, closure dates, and waste characteristics.a

Trench. Trench Solid waste Itadioactivity at

Trench 'Dimensionab- yoty - Voly Time of Burial Date Closed
(ft) .(ft.) .(ft ) (curies) (month / year)

1 150-10-15 22000 7 306 5/63
, rp~ , 1s. .75-25-15 < .24000- 580 2300 9/63, ,

' 2- 180-25-15 . 68000 - e. c 7/63
3 250-25-15- 56000- 500' -5900 9/63
4L -30-15-15 -6800 0-

"

1 10/63
Se 30-15-14 6300d' 7800d 6480 4/64

1000 <1 ' 11/636L ' 25-15-14- 5200
,23000 16200 4/647 225-15-15 50000

'

8L 20-15-13 3900 0 <1' 1/64
9L .20-15-12 3600 c c 3/64
10 300-30-15 140000 78000 426000 12/64
Its 300-30-12 100000 45000 16100 9/65
12L .15-10-08 1200 84 - 2 7/64

- 13L 15-10-08 1200 56 <1 9/64
14L ~ . 15-09-05 700 e c 6/66
15 300-50-12 180000 73000 44900 9/65 t+

16L 15-10-08- 1200- 3 <1 4/65
'17L 30-15-10. 4',00 0 5 12/65
18 300-40-09 100000 75000 49100 2/66
19e 300-40-10 120000 -69000 '66800 12/66
20 300-40-12 140000 77000 103000 11/66
21L 300-42-15 190000 25000 2540 .c
22 300-20-12 72000 3000 20600 1/12 i

23 300-60-10 180000 60000 20400 6/67
24 300-50-10 '150000 62000 8420 10/67
25 300-30-11- 99000 49000 18100 1/68

"3 ,
26 300-50-10 150000 66000 11000 5/68>

|27 350-70-18 440000 160000 35200 2/69
28 350-70-18 440000. 160000 34700 9/694

29 350-70-18 440000 ~240000 871000. 6/70
30 460-75-22 760000 240000 30600 2/71 . '
31 . 460-75-22 760000 190000 672000 10/71
33L e c 0 809 1/72
34 500-30-10 150000 900 79100 8/72
35 300-70-20 420000 67000 13900 10/72
36 200-20-18 72000 14000 5670 11/72
37 200-20-18 72000 15000 1370 12/72

-38 200-20-17 -68000 19000 222 .12/72-
39 200-50-16 160000 27000 36 7/73
32 .350-70-22 540000 120000 27000- 5/72
40 868-70-30 '1400000 440000- c 5/74
41 e e e e 1/73
4's 650-70-30 1400000 370000 e 6/75
43 614-50-30 920000. 390000 e 12/75
44 681-55-30 1100000 500000 e 9/76
45 e c 55000 e 11/77

eData from Kentucky Department for Human Itasources se compiled by Zehner

b(in order of length, width, and depth.1983).

C eta not available. _D
. d ete probably in error because volume of weste exceeds' volume of trench.D

7
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' Table 1.2 shows a compilation of initial radioactivity in each trench
expressed as -retios .of radioactivity to waste volume |and trench volume. . The 't

"

ratiofof waste volume to| trench volume is also presented in Table 1.2 to give
an : indication of the magnitude of . void space in each trench. In most cases,..,

more'than 50% of the trench volume represented. void spaces at time of burial.
Only in trenches 10, 19s'.and-20, the void space appears to be less than 50%.

of the~ trench volume. Zehner (1983)- reported further that the overall void
; space in a trench has probably decreased since the time of burial due to
. compaction of the waste by heavy equipment during burial and trench capping,
. settling of the waste by itself, microbial degradation and leaching of waste-

, with time. ;In addition, container failure at the time of burial.probably also
contributed to compaction of packaged waste, thus resulting in an increase in |Jyoid space. -The observed subsidence of trench cape'in recent years is a re-- '

sult' of trench instability attributable to increase in void space with time.-

The' occurrence of subsidence holes on the trench caps indicate a net decrease' '

in void space'in the trenches (Zehner, 1983).
i .

~ Table 1.2. Concentration of' radioactivity in weste and weste treaches.a,b
- -Ratio of Ratio of : Ratio of . Void

. ?
. Radioactivity . Radioactivity Weste Volume ' Space la

'tohasteVop)enM ~ Trench- to Trench Volume to Trench Volume- Trench(curies /ft - (curies /ft3) (3)
' <

1 44 0.01 g
iIs'. 4.0 0.08 -

<0.01 >99
'O.02 98L3' 12 0.11_ 0.01 99

. 7 0.70 0.32 '0.46 54
<

7,
,

,

10. -5.4 3.0 0.56 44
'

1 'lle 0.36 0.16 0.45 5515 - 0.61 0.25 0.41 59
' '

18 : 'O.70 - 0.50 ' O.66 20
.

:
'

.19e 0.97! 0.56 0.58 42 i-
#

20 ' !.3 0.74 0.55 4522 6.9 0.29 0.04 96
,

23 0.34 0.11 0.33 67i -24 . 0.14 . 0.06
. '

4' 0.41' 59
, ' L 25 0.37 ' O.18 O.49 51- 26 ^0.17 'O.07 0.44- 56-27 . 0.22. 0.08- 0.36 ~ 64., . - 28 : 0.22- 0.08 -0.36 64'29 3.6 1.9 - 0.55 - ^45-30 < " 0.13 . 0.04 - 0.32 68

<

'

' 31 3.5 0.88 0.25 75
32 -- 0.22 0.05' O.22 78'

35- -0.21 0.03 'O.16 84 "
'36 : 0.40 ' O.08 0.19- 81~

' '

' 37 - - 0.09 ( 0.02 0.21 79
4

.-
. 38 0.01- 0.003 0.28 72#' ''

39 -<0.01 <0.001 0.17 83
' ,

.. ;40 'e c
, |. 42 ~0.31 69'.

e e 0.26 7443 ,e c 0.42 58
.

, 44 c .. e 0.45 55g
'

' eValues calculated from dets in Table 1.1 by Zehner (1983). *
#

*

, bRadioactivity at time of burial.
v, - CDeta not available.
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1.4 Research Investigations at Maxey Flats

In a chronological review of NRC research investigations at the Maxey
Flats low-level waste disposal site, O'Donnell (1983) reported that NRC funded
research at Maxey Flats began in the mid 1970's when BNL undertook an investi-
gation of the source terms at commercially operated shallow land burial sites
[Barnwell (South Carolina), Maxey Flats (Kentucky), Sheffield (Illinois), and
West Valley (New York)] located in the eastern United States. At about the
same time, Los Alamos National Laboratory (LANL) collected soil samples at the
Maxey Flats site for an investigation of soil-radionuclide interactions. In
response to reports of localized movement of Co-60 and Ma-54 within the site .

boundary and the detection of measurable amounts of other radionuclides in the
colluvium on the hillslopes of the disposal facility and in streams bordering
these slopes, NRC's Office of Nuclear Regulatory Research formulated a re-
search program to assist the State of Kentucky, an Agreement State.

Areas of research in the overall NRC progran have included water entry
into burial trenches, characteristics of the trench leachates, geochemical
controls on trench leachate compositions, leachate-soil interactions, chemical .

species of migrating radionuclides and the role of organics in radionuclide
migration, the use of vegetation for detection of radionuclide contamination,
and in situ leachate migration studies. During the past several years, the
NRC research program has generated site specific information which can be used
by the State of Kentucky in its assessment of site performance as well as for
developing a plan for eventual site closure. In addition, the research pro-
gram has provided generic data on the migration behavior of radionuclides
under chemically reducing conditions, leachate-soil interactions in the pre-
sence of organic chelating agents, the effects of such processes as microbial
degradation and leaching of buried waste on trench leachate compositions, and
the effects of disposal of unsegregated and ue :tabilized wastes on trench
environment.

The participating organizations and their specific involvement in the NRC
sponsored research program on Maxey Flats disposal site as summarized by
O'Donnell (1983) are listed below:

Brookhaven National Laboratory--Characterization of trench leachate
chemistry and identification of processes controlling leachate compositions
(Dayal et al. ,1984; Pietrzak et al. ,1982; Czyscinski and Weiss,1981; Weiss

,

and Colombo, 1980).

Commonwealth of Kentucky--Preliminary investigations at Maxey Flats
disposal site (Clark, 1973).

Geo-Centers, Inc.--Assessment of ground penetrating radar for detecting
shallow lar.d burial trenches.

Laboratory of Nuclear Medicine, University of California, Los Angeles--
Assessment of the characteristics of radionuclides and soils which govern

uptake by plants (Wallace et al., 1980; 1979).6

9
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'Los Alamos National Laboratory (LANL)--Assessment of the effect of the
1 soils at Maxey Flats on radionuclide migration (Polzer et al.,1984; 1982).

4

Pacific Northwest Laboratory (PNL)--Investigation of the chemical species
.of migrating radionuclides at Maxey Flats (Kirby et al., 1984; 1982) and of
.the use~of vegetation for' detecting releases-of radioactivity at shallow land-
burial facilities (Rickard et al., 1982).-

University of California, Berkeley (UCB)--Investigation of water entry
'into burial 1 trenches and its management by agronomic means (Schulz,1984;
1982).

uUniversity of Arizona'(UA)--Recent investigations of the use of organic
tracers to determine water flow directions between burial trenches and an

-assessment of alternative methods of ensuring. trench: cap stability-(McCray,' .

1983). ;In 1980 a similar . experiment was conducted .by Nowatzki et al. (1981)
_ _at Maxey Flats.

o
,

10ther organizations that have been involved in research at Maxey Flats,

' include 'the ' State of Kentucky, Contractors to the State, the U. S. Environ-
mental' Protection Agency, and,the U. S. Geological' Survey. The findings of
these investigations are summarized in Zehner (1983), Mills and Page (1982),
Cleveland and Rees -(1981), Clancy et al.'(1981),' and Meyer (1976). '

1.4.1 ; Experimental Areas at Maxey' Flats-Disposal Site

Two experimental' facilities were established at Maxey Flats to'investi-
gate in the field the movement of water and radionuclides in the vicinity of

-

' burial trenches as well-as the performance of the trench caps -(Figure 1.3).

; A series'of five experimental- tr'ench sections were constructed at the
.

_ southwest corner of the burial site in 1979 forJthe purpose of intercepting
ygroundwater flow paths in the vicinity of disposal trench 27. In 1980, inert.

atmosphere wells were installed near the experimental trench sections to pre- .

vent. oxidation of. water samples during collection. 'UA, UCB,fBNL,'LANL, and,

. PNL used the facility jointly:and cooperated in the experiments. '
.

Another experimental facility was established in the vicinity of burial.
- ; trench 19s (Figure 1.3). A large number of porous caps and soil moisture sen-
- . sors vere installed to sample intersitial water and to measure soil water con--

'.t periodically. UCB, BNL, : and LANL used this facility for . soil ~ moisture. t.

and radionuclide migration scudies.

;_ i

~
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Figure 1.3. Schematic of the Maxey Flats site, showing the location and iden-
tification of the disposal trenches. The exact location of the
sump standpipes in the trenches is also shown as M in trench 23,
W and S in trench 19s,,7-3 in trench 7, and 4 and 8 in
trench 33L. The experimental trench sections are shown in the
southwest corner of the disposal site. The other experimental
facility was established between trenches 19s and 18 (From Kirby
et al., 1984).
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[1.4.2[ Description of' Maxey Flats Research at BNL,

' A major part of. the . source . term investigations by BNL at the Maxey
Flats-disposa1' site involved analyses and characterization of water samples- |

' Ecollected from disposa1' trenches and from on- and off-site wells (Dayal' et
al.,1984;; Czyscinski and Weiss,1981; Weiss and Colombo, '1980). In addition
to sampling trench _leachates-and well waters, water samples were also taken
.fron'a' series.of experimental trench-sections.'

'

, , Radionuclide ' sorption studies involved batch and column laboratory
" experiments using Maxey Flats leachate and shale samples and performed under
conditions simulating the trench environments (Pietrzak et al., ~ 1982;
Czyscinski and Weiss,1981; Weiss and Colombo,- 1980). Of'particular interest
was -to determine. the effect of selected organic complexing agents on radio-

.

-

nuclide - so rption. A series of gel-filtration chromatography experiments were I

also performed on selected _ trench leachates to determine the presence and
' nature of. organo-radionoclide : complexes.

The ENL effort also included a microbiological study to enumerate the
abundance and distribution of microorganisms active in .the trench leachates
and to evaluate the effects of various microbial processes on the transforma-
tion and migration of the buried radionuclides from the trenches (Francis,

~

:1982;. Francis et al. ,1980).

Laboratory-oxidation experiments were performed lui several trench~

-leachates to evaluate. the behavior of iron- and organic-rich, anoxic trench
,

'

, leachates as they encounter- a . chemically less ' reducing environment along the
. groundwater-flow paths. Particular, emphasis was placed on radionuclide sca-

ii5 venging by authigenic ferric. oxyhydroxide which represents a' geochemical dis-
; continuity 'where anoxic waters encounter an oxidizing environment (Dayal'et-

,
>

s 'al.,'1984).
,

=A detailed chronology of the various sampling trips undertaken by BNL
to the Maxey Flats disposal site during -the , period 1976-1981 is given below:

~

1.4.3 Chronology of' BNL Sampling Trips. to Maxey Flats
'

Preliainary Study:

Water samples-were initially obtained from the Maxey Flats disposal
site in April'1976't( iain experience in the collection, handling, and anal-

|yses of trench and well waters. . The. water samples, during this sampling trip,
|were collected jointly with the U. S. Geological Survey (USGS), State of
Kentucky, and with the assistance of Nuclear Engineering Company (NECO)
personnel at.'the site.

'
.

#
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A series of trenches and two off-site wells were sampled (Weiss and
Colombo, 1980). Field measurements and sample filtration were performed on
the site, in a laboratory provided by NECO, within an hour after sample
collection.

Weiss and Colombo (1980) reported that the initially clear trench
leachates became cloudy with the formation of a reddish-brown iron hydroxide
precipitate upon exposure to air. The iron that precipitated from the leach-
ates and was subsequently filtered from the samples contained material that
was originally dissolved in the water. Radionuclides and other solutes that
were originally in solutions in the trench environment may have been adsorbcd
onte, or coprecipitated with, the iron hydroxide. Therefore, the results of
these analyses do not reflect the actual trench leachate compositione.

Procedures were developed to prevent air from coming in contact with
trench water samples during collection and filtration. These procedures were
employed to collect water samples during subsequent sampling trips to Maxey
Flats.

1976 Sampling

In September 1976, a series of trenches were sampled at the disposal
site using the anoxic sampling procedures developed at BKL. As discussed
above, previous sampling for the preliminary study was conducted under aerobic

- conditions which resulted in ferric hydroxide precipitation. Therefore,
precautions were taken to collect samples under anoxic conditions in
accordance with procedures developed for this purpose.

Leachate samples were collected from trenches 2, 7, 18, 19s, 26, 27,
32, 33L4, 33L9, and 37. Field measurements were made for pH, temperature, and
specific conductance. The filtered leachate samples were subsequently anal-
yzed for dissolved inorganic, organic, and radiochemical constituents using
procedures described elsewhere (Weiss and Colombo, 1980).

1977 Survey Study

In order to select specific trenches for detailed investigations, a
'

survey study was conducted during the summer of 1977. A total of 46 trenches
and 5 on-site wells were sampled as part of this survey. USGS personnel,
conducting hydrogeological studies at the disposal site, collected the water
samples for the survey study. Samples were obtained from most trenches and-

wells that contained accumulated water at the time of sampling. Surface and -

groundwater samples were also collected from areas adjacent to the disposal
site (Weiss and Colombo,1980).

All disposal trenches (from trench 1 to trench 44s), except 12L, 13L,
28, 29, 33L2, 33L5, 33L7, 33L14, 33L15, 34-2, 34-3, 40s, 41, 43N, and 43s,
were sampled. In addition, ten water samples from off-site wells and streams
in the vicinity of the burial site were collected.

13
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: Field measurements were made for temperature, specific conductance, and
pH. 1The' water ' samples.were analyzed for dissolved radionuclides and dissolved '
organic carbon,. but analysis of other constituents was not conducted. -

1977 Sampling.

..
Following the survey study in June 1977, a sampling trip war planned a

.m' nth 'later in '. July 1977 to collect water samples from trenches 2, 26, ando
- 32. ~ :The :leachates were ' analyzed - for ~ inorganic, organic, and radiochemical
constituents. Field ~ measurements > included pH, Eh, temperature', and specific
conductance.-

~ !1978. Sampling
.

In May:1978, several trenches 'and an on-site well were sampled.
Specifically, water' samples Rfrom trench'19s, 27, 33L4, 33L18, and well UBIA.

were ' collected. - LThe water' samples were analyzed for inorganic, organic and '
radiochemical constituents. Field measurements were made.for pH, Eh,
dissolved oxygen, temperature,. and specific _ conductance. In addition,
' radionuclides in suspended particulates present in trench and well waters' were
' determined.:

!1979 Sampling
, -

Four ' disposal ' trenches were sampled along with one observation well and
- five experimental trench sections in October 1979.- Anaerobic. sampling proce -
dures were.used for the disposal trenches and one of the experimental .trenchi:

Jsections.(2E). (The other experimental trench-sections did not contain suffi-
<cient accumulated water for.the anaerobic sampling system to be:used.- haong

@ , the disposal . trenches sampled . were -19s, 27,. 30, and . 32.1 The experimental .
.

trench sections included.T2E, T3W/ T4E,|and T5. The on-site well sampled wa'ss.

Field measurements wers m' de for. 'pH, Eh, specific conductance, dis-.UB1A. a
- solved' oxygen and sulphide, and temperature. 'The leachates were analyzed for-

,

inorganic, organic, and radiochemical constituents..,

_

1981' Sampling-

During L October 1981, seven disposal trenches were sampled using
anaerobic procedures. - In-line measurements of. temperature, specific' conduc '
S tance, dissolved oxygen, sulphide, Eh, and pH were also performed using meth-
., ods ~ reported previously (Czyscinski and Weiss,- 1981; Weiss and Colombo,

1980). , The analyses of .leachates collected from trenches 7,19s, 23, 27,
^33L4, 33L8, and 35 included inorganic and radiochemical constituents. The
-| analysis of organic constituents included primarily' chelating agents. ;

. i.

r -

!
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2. WATER SAMPLING AND ANALYSIS

The following is a summary of the field sampling and laboratory
procedures that were developed at BNL and employed for the collection, storage
and analysis of trench and well water samples from the low-level radioactive
waste disposal sites. Further details of these procedures can be found in
Pietrzak et al. (1982), Czyscinski and Weiss (1981), and Weiss and Colombo
(1980).

2.1 Sampling Methods and Analytical Procedures

Procedures were developed to maintain the anoxic character of the trench
waters during sampling. A schematic diagram of the anoxic water sampling sys-
tem is shown in Figure 2.1. After collection, the water samples were stored
in 4-liter borosilicate glass bottles designed to maintain the trench redox
conditions. The anoxic collection procedure allows samples to be stored for
months without oxidation, which results in a reddish-brown ferric hydroxide.
A scheme for sequential processing of water samples collected in the field and
subsequent analysis for the various dissolved and suspended constituents is
shown in Figure 2.2.

TO WASTE TO WASTE

PERISTALTIC
PUMP -

5 %

O AIR BARRIER o

| AIR BARRIERv o Coit o Coilg
C| |o

|v-s '

L

ES$ f V-3 #'' V-8 V-E
Y } N M >PIPE y r

a n'
s, y.7 . .

TO
~

__
IN LINE* V-8

MEASURE : X
INERT SAMPLE COLLECTioM
GAS y.6 BOTTLE

VENT

e 8
"AIR MICROBloLoGICAL

TRAP SAMPLE

Figure 2.1.~ Schematic of the anoxic water sampling system.

.
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Figure 2.2. --Scheme for sequential processing of water samples for analysis.

2.1.1. In-line Field Measurements

Physico-chemical characteristics of trench water which are subject to
change during storage were measured at the time of sample collection. The
temperature, pH, redox ~ potential (Eh), dissolved oxygen and sulphide, and spe-
cific conductance of the trench water samples were measured in-line while the
water sampic was being collected.- A schematic diagram of the in-line field
measurement system is-shown-in Figure 2.3.

. 2.1. 2' ' ' Anoxic Filtration

Upon arrival at BNL, the trench water samples were filtered through
0.45. pa membrane filters to remove suspended particulate matter. The filtra-
tion was also conducted under an inert atmosphere to maintain the anoxic char-
acter of the waters. The filtrate was divided into several fractions and pro-
. cessed according to the scheme shown in Figure 2.2. The dissolved fraction of
each . sample was analyzed for inorganic, organic, and radiochemical consti-
- tuents. The particulate fraction was analyzed for radiochemical constituents
only. --A schematic diagram of the anoxic filtration system is shown in
Figure 2.4.
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:2.1.3: Inorganic ' Constituent's '
~

.
The following:1s a'brief summary of methods used'to seasure.the-^

,

7 dissolved-chemical constituents.in trench waters sampled prior to 1981. .
Trench waters collected during the.1981_ sampling trip were' analyzed - for in- -

Jorganic constituents at.BNL using ion. chromatographic methods. ~Specifically,
I the'anionsichloride,' sulphate, nitrate, phosphate,~' fluoride, and bromide were

,

4 janalyzed on a Dionex Model-~10 ton chromatograph using an anion column with a
?? 0.002 M.sodius. bicarbonate,:0.002 M. sodium carbonate buffering solution. Ions

.were detected by changes in the electrical. conductivity of the buffering.

solution.

- 2.1.'3'.1. ~ Alkalinity -
< , s " , e

*

' ' The'' alkalinity titration was performed on filtered trench water, '

1

immediately after.-filtration. Generally carbonate and bicarbonate' concentra-t

- : tions in groundwater-are determined by titrating the water sample with a
.' ~ tandard acid to pH 8.3 and pH 4.5, respectively. The equations that governs

~

; the - reactions |are --

2a + g '! HCO - ' (2.1)
'

. C03 .

3

.

HC0 .+ H+'! H O Y CO
'

3 2 2 (2.2).
n

, _

. f The. end. points of these .titrat' ions 'are usually sharp in the' absence of
'other; ions that ~ are in . competition for ;thn hydrogen ion. _In the presence of

.

salts of weak organic and inorganic acids 'the . titration curve does not give a
'

fsharp endpoint due to buffering of the systes. The titration, alkalinity in
Ethis caseEis-not a simple function of.the carbonate-bicarbonate concentra-

6 - tions.j However.ffor the sake of simplicity,Lwe have assumed the titration 'l-a
' kalinity. co be equal to carbonate alkalinity. Ihe . shape of an acid-base ' ',-

N -titrat' ion curve _can yield useful-information.in addition:to. carbonate and-
. . bicarbonate relationships..

"2.1.3.2.1 Chloride
ao ,. -

' " -Thiocyanate ion is liberated from mercuric thiocyanate by the -
~

-

' a formation of non-ionic.but soluble mercuric chloride. - In the presence of'

iferric ion, the liberated thiocynate: forms a highly colored ferric thiocyanate
' _'whose' concentration is' proportional to the original chloride' concentration.'

- (The intensity ~of the ferric thiocyanate was measured spectrophotometrically.-1, ,

- '2.1.3.3.: . Dissolved. Metals ~ !

, Dissolved metals in.the acidified' aliquots of filtered trench waters'

~

were determined by atomic absorption spectroscopy.
,

f

-
~

'
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2.1.3.4. Ferrous--Ferric Iron
:

Iron in the ferrous state was reacted with 1,10 phenanthroline between
pH 3.2 and 3.3. The orange-red ferrous phenanthroline complex was measured ?~

spectrophotometrically. Ferric iron was determined by subtracting the ferrous ]
iron concentration from the total iron concentration. Total iron was deter- ?

:mined colorimetrically by reduction with hydroxylamine hydrochloride and sub- o

sequent reaction with 1,10 phenanthroline. Atomic absorption determination of $'
total iron was a convenient check on this method.

2.1.3.5. Fluoride ;f
*f

Fluoride was determined with a specific ion electrode consisting of a ::

single-crystal lanthanum fluoride membrane and an internal reference. The 3;

crystal is an ionic conductor in which only fluoride ions are mobile. The po- 4

tential developed across the membrane in the Orion 94-09 probe is proportional -

to the fluoride ions in solution and was measured against an external
;;.'.reference with the Orion 407A specific ion meter.

-

I
2.1.3.6. Phosphate

r

The determination of orthophosphate involved the formation of molybdo-
phosphoric acid with the addition of ammonium molybdate in acid medium. This
was reduced to molybdenum blue by ascorbic acid at 37'c and measured

--:

spectrophotometrically.
-

2.1.3.7. Nitrogen-Ammonia
'

jz

A gas sensing electrode, containing a hydrophobic gas permeable 3

membrane, allows dissolved ammonia generated in the sample to diffuse through ,!
the membrane until the partial pressure of ammonia is the same on both sides. 1

The partial pressure of ammonia is proportional to its concentration according |
to Henry's law. When sodium peroxide and sodium hypochlorite are added to a :

solution containing an ammonium salt, the Berthelot reaction takes place with y
the formation of a green compound related to endophenol. The color intensity s h

was measured spectrophotometrically which is proportional to the ammonia con- :

centration. Methods have been developed at BNL to perform this analysis in an a
inert nitrogen or argon environment. {

st
l 2.1.3.8. Nitrogen-Nitrate )
| %

Nitrite reacts with sulphanilamide uudes acidic condiffons to yield a
diazo compound which couples with N-1-napthylethylene-diamine dihydrocntoride

-3

to form a red colored compound. The color intensity measured spectrophoto-
-

metrically was related to the concentration of nitrite.
-

*
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2.3.3.9. . Nitrogen-Nitrite plus Nitrate -

,

'
, . Nitrate' was reduced ~ to nitrite when - passed through a cadmium-copper

' column. .The nitrite was then treated with 'sulphanilamide and N-1-
' naphthylenediamine dihydrochloride to form the red azo dye as above. When,-

' both nitrite 'and ~ nitrate were. present .in a sample, the nitrate content was
;- obtained _by subtracting :the nitrite value from the combined nitrite plus

: nitrate value.
~

- '2.1.3.10.c Silica-
.

[ "' T form molybdosilicic acid. . This was reduced to molybdenum blue -by ascorbic
' Ammonium molybdate reacts with silicic acid. (HgSiOf)^ in acid medium to

-

. ' acid and measured spectrophotometrically. _0xalic acid was.added before the
ascorbic-acid to eliminate-interference from phosphates.-

2.1.3.11. . Sulphate -;

t
~

When equinolar barium chloride and methylthymol blue are added to a.
sulfate-containing sample at pH. 2.5-3.0, barium sulphate precipitates. After.

.,

adjusting the pH to 12.5-13.0, the barium remaining'in solution reacts with'

the methylthymol blue to form a chelate. The uncombined methylthymol blue re-
maining in solution was measured spectrophotometrically and was proportional

,

to'the sulphate initially present in the sample.

-c.
-2.1.3.12. Sulphide

x

A' silver-silver sulphide electrode used in conjunction with a ;
-reference electrode develops a potential which is a direct function of the

'

. logarithm of toe activity-of the sulphide ion. The sulphide electrode was,

-calibrated using the method developed by Berner (1963).
-

.2.1.4.- '_ Organic Constituents

J 2 a l .~4.1. Dissolydd Carbon'

. - The total dissolved | carbon and inorganic carbon contents were
i ~ determined using a Beckman Model 915 Total Carbon Analyzer. - The difference

between the total' dissolved carbon and the inorganic carbon measurements is
i the-dissolved organic cerbon (DOC) content of the. sample.

, . . .

2.1.4.2. Organic Carbon Compounds-

-A111guid extraction technique using methylene chloride was employed to
- isolate acidic, neutral, and sbasic hydrophobic organic compounds from the

trench waters. ' These fractions were analyzed by gas chromatography and
identified by mass spectrometry (GC/MS) methods.

Hydrophilic compounds were isolated at PNL using BF3 in methanol to,

i 1 prepare. methylated derivatives which were also analyzed by gas chromatography
' and identified by mass spectroscopic methods (CS/MS).

L
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2.1.5. Radiochemical Constituents

Radiochemical measurements were performed on the filtrate and
particulates_ collected following filtration of each trench water sample.
Except for tritium, all of the radiochemical measurements were made on an -

e^1dified aliquot of the filtrate. Tritium was measured on a non-acidified
fraction of filtrate. The following is a brief summary of the procedures used a

to measure radionuclides in trench and well waters.

2.1.5.1. Gross Alpha / Gross Beta _

An aliquot of acidified filtrate was heated to dryness in a 50 mm
-

planchette and counted with a Canberra model 2200 low-level alpha / beta gas -

flow proportional counter. Each sample was counted at two instrument settings
corresponding to the plutonium-239 alpha plateau and the strontium-90/
yttrium-90 beta plateau. This measurement was not made for the particulate
fraction. Gross counting should be regarded as a rapid, e2mi quantitative
measure of sample activity. ,

2.1.5.2. Tritium

An aliquot of tritiated water, distilled by conventional methods at
atmospheric pressure, was emulsified with Packard Insta-Gel liquid
scintillation reagent and counted in a Searle Analytic-92 liquid scintillation
counter.

2.1.5.3. Strontium-90

Strontium-90 was determined by radiochemically separating strontium
from the trench water sample and counting the in-growth of yttrium-90 with a
low-level beta counter. These determinations were made by LFE Laboratories,
Richmond, California. .

-

2.1.5.4. Plutonium-238,239,240
''

Plutonium isotopes were radiochemically separated from other alpha
emitting radionuclides by anion exchange chromatography and electroplated onto 4

a counting disc. Plutonium isotopes on the disc were measured by alpha {
-

spectroscopy with a surface barrier silicon detector. The Pu isotopes were
analysed by LFE Laboratories, Richmond, California.

._

2.1.5.5. Camma-Ray Emitters

Gamma-ray emitting radionuclides, such as Am-241, Cs-137, Cs-134,
Co-60, Na-22, and Mn-54, were measured by counting aliquots of the filtered
trench water with a 2 kev resolution Ge(Li) detector. Radionuclide identifi-
cations were made on the basis of measured gamma ray energies and relative -

peak heights of nuclides emitting more than one gamma.
-

__
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3. 'RESULTS OF LEACHATE CHEMISTRY

- 3.1 Selection-of Leachate Data

As reported earlier, several sampling trips were undertaken by BNL to
Maxey Flats disposal site during the period 1976-1981 to collect trench and
well water samples. In many instances, the same trench was sampled multiply
during subsequent sampling trips.

During the April 1976 preliminary study sampling trip, adequate
precautions were not taken to prevent air from coming in contact with water ,

samples .during . collection. Consequently, the water samples do not represent j

the actual leachates in the trenches. We consider these data suspect and have {
not discussed them further in this report.

'

The samples collected during the 1977 survey study sampling trip were
analyzed for radionuclides as well aus dissolved organic carbon. The major ;

'

constituents, however, were not determined. Consequently, we have considered
the radionuclide data based on.the survey study to evaluate the distributions
of radionuclides present in the various trenches at the disposal site.

The leachate samplings conducted in September 1976, July 1977, May 1978,
' October 1979, and October.1981 involved use of anoxic sampling procedures. In'

addition, the leachate analyses were relatively complete in that most of the
samples were analyzed for major ion constituents, radionuclides, and in many
cases for organic constituents.

An ion balance of the major cations and anions present in each leachate
sample was conducted to determine the completeness of the trench water anal-
yses._ Equivalents of cation and anions sums were compared-to calculate the
ion balance error. Table 3.1.gives the percent error in ion balance for each.

water sample collected during the five sampling trips. In most cases, we
found the error in ion balance to be less than 10%, indicating that these#

analyses are relatively complete and accurate. However, eight leachate sam-
f plea exhibited appreciable error in ion balance. As a. result, these data have
been excluded from further consideration. Based on a relatively small ion ba-
lance error, we have compiled in Table 3.2 a list of-trench water samples that

. will be considered further in the interpretation of trench leachate composi-
.tio ns . - It should be noted, however, that for the interpretation of . radio-
nuclide and organic data all leachate camples have been considered, since
these constituents are present in trace amounts and do not contribute
significantly to bulk composition of the trench leachates.

4
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? Table 3.1. Ion balance of major anions and cations for Maxey Flats
e trench leachates. '

-

Trench Sampling Date ! Cattons I Antons Errora
(meq/L) (meq/L) (1)

"
2 9/76 42 40 2.4

* 2 7/77 65 52 11
7 9/76 29 28 1.7

- 7 10/81 129 124 2.0
- 18 9/76 42 50 -8.7
.- 19s 9/76 25 24 2.0.

19s 5/78 46 22 35
19s 11/79 39 24 24
19s 10/8! 24 28 1.8

; 23 10/81 65 68 -2.3
_

26 9/76 26- 35 -15
26 7/77 34 23 19
27 9/76 143 129 5.1
27 5/78 104 117 -5.9
27 10/79 194 180 3.7
27 10/81 81 76 3.2

3
30 10/79 157 135 7.5

1 32 9/76 59 65 -4.8
32 7/77 128 67 31
32 10/79 351 44 78

-

33L4 9/76 81 47 27
- 33L4 5/78 42 38 5.0

33L4 10/81 56 53 2.8
33L8 10/81 21 23 -4.5
33L9 9/76 123 82 20
33L18 5/78 20 169 -79
35 10/81 59 55 3.5

- 37 9/76 144 175 -9.7
;

-. eThe percest ion balance error was cettmated using the
relationshipt

[ * 100Percent h vor *-

where Ze sad Za represent cation ard anion suas (meq/L).
] respectively.

E

t
" 3

N An on-site well UBIA was sampled several times by BNL during the study
[ period to obtain baseline information on ambient groundwater characteristics.
t-- Analyses of the well water samples revealed the presence of contaminants such

~

'

- as radionuclides and dissolved organic compounds, presumably derived from

J neighboring trenches. Consequently, the composition of an of f-site well UA3,
4 which is the shallowest of UA series wells (Zehner, 1983), was selected for -

baseline information. The water in this well is derived from rock units cor-
f responding to lower part of Nancy Member and upper part of Farmers Member.
.

According to Zehner (pers. comm.), well water UA3 may be used as a substitute
- for U21A to represent ambient groundwater composition.

,

a
.

Y

F' a

__

1

'
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Table 3.2. Selected trench leachates considered
"

'in this study.
.

- Trench Sampling Date Leachate Designation

2 9/76 2(76)
7 9/76 7(76)-
7a 10/81 7(81)
18 9/76 18(76)
19s 9/76 19s(76)
19ea 10/81 19s(81)
23a 10/81 23(81)
26 9/76 26(76)
27. 9/76 27(76)
27 5/78 27(78)
27 10/79 27(79)
27 10/81 27(81)
30 10/79 30(79)

-32 9/76 32(76)
33L4 5/78 33L4(78)
33L4 -10/81 33L4(81)
33L8 10/81 33L8(81)
35 10/81 35(81)
37 9/76 37(76)

aSamples taken from these trenches during the
1981 sampling trip have been designated is 7-3,
19W and 23M in a previous report (Dayal et al.,
1984). The number or letter suffix corresponds
to a particular riser pipe that was used for

- sampling trench water at that particular time.

The major ion compositions of UA3 well waters sampled in 10/78, 6/79, and
~ 10/79 by USGS personnel as reported by Zehner (1933) are given in Table 3.3.

i- In our interpretation of leachate data, we have used the average composition
.of UA3 -to represent ambient groundwater composition.

25
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Table 3.3. Major ion composition of well water UA3.a

Concentration (mg/L)

Constituents UA3 (10/78) UA3 (6/79) UA3 (10/79) UA3 (Av)

Calcium 280 180 200 220

Magnesium 430 350 370 380
Potassium 37 18 17 24 _

Sodium 350 280 220 300
Ammonium b b b <1d

Iron (total) b b b <0.1d
Manganese (total) b b b <0.1d
Alkalinity (as CACO ) 484 434 459 459

3
Chloride 77 67 67 70

Sulphate 2400 2000 1900 2100

Nitrate + Nitrate (as N) b c 0.2 0.2

Silica 8 10 9 9

pH b 7.0 6.8 6.9
Total Dissolved Solids 4430 3980 3700 4040
Dissolved Organic Carbon b b b 6.2d
Dissolved inorganic Carbon b b b 1.5d

aUA3 is the shallowest of the off-site UA series wells. The water is derived
from rock units corresponding to lower part of Nancy Member and upper part of
Farmers Member (Zehner,1983). The water samplings and analyses were

~

conducted by USGS personnel,
bNot determined,
cBelow detection.
dNot determined in UA3 well water; the values given are those based on
well water UB1A cnmposition.

3.2 Field Parameters

Field data on specific conductance, dissolved oxygen, Eh, pH, sulphide,
and temperature for the selected trench leachates are given in Table 3.4.

The sulphide data (E 2 , mV), based on silver / silver sulphide calomel3
electrode pair measurements in the field, were converted to sulphide concen-
trations using the calibration curve obtained in the laboratory (Figure 3.1).
Figure 3.1 shows good agreement between BNL data and data reported earlier by
Berner (1963). The curve in Figure 3.1 is represented by the equation

2E 2- = -0.891 + 0.0294 pS - (3.1)S

2where E 2- represen's the measured sulphide potentials and pS the sulphide
S

activity. Equation (3.1) was used to convert measured sulphide potentials
into sulphide concentrations as follows:

26
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Using the sulphide equilibria equations,

[S -] [H+]2 (3.2)2

H3 KHS- "K
2 [H SI 6=2

O
[S -] [H+]2 (3.3) .

2[S -][H+]22

[H s] . .
2 KHS KHS- 10-20.92 .a

H S HS- value of 10-20.9 (Morel, 1983), and the measured pH and
;

Kthe K
calculated sulphide activities, we estimated the H S concentrations in the

-

=
2 '

trench leachates as given in Table 3.4.
x

_j
Table 3.4. Field parameters of trench leachates.

:n

EDissolved Specific
----

Trench Temperature pH Eh Oxygen Conductance Sulphide HS2
(*C) (mV)a (ppm) (pMho/cm) (Eg , my)b (mg/L)c2

-n

3
2(76) 20.0 6.7 d d 3400 d '

7(76) 22.5 6.9 d d 2530 d

7(81) 16.5 7.4 -44 0.10 12000 -324 2.2x10-IS _

18(76) 21.5 7.0 d d 3450 d
-

19s(76) 21.0 6.6 d d 2340 d -

19s(81) 15.0 6.5 -28 0.10 2100 -465 8.5x10-9
-

23(81) 17.0 7.5 -39 0.05 4800 -302 2.7x10-16

26(76) 21.0 6.8 d d 2910 d 3
=

27(76) 20.0 6.0 d d 120000 d

27(78) 17.6 6.6 +17 0.05 9370 d 3
27(79) 18.0 5.9 +140 0.15 18000 -490 1.1x10- 3

27(Av)e 18.5 6.2 +79 0.10 13120 -490 2.7x10-7 I<

27(81) 16.0 6.8 +17 <0.05 6000 -353 3.4x10-13 t

30(79) 16.0 6.5 +140 0.10 6900 -0.9 1.4x10-24
--

32(76) 20.0 7.3 d d 5750 d -J
33L4(78) 12.0 12.1 -7 4.1 5580 d

33L4(81) 17.0 12.0 -54 0.05 6400 -278 4.3x10-26 __Q

33L8(81) 18.0 6.0 -135 0.25 2000 -125 2.7x10 19 4

35(81) 17.0 8.2 -14 0.10 3400 -486 1.7x10-Il ?ik
37(76) 20.0 5.1 d d 6900 d

; --

!afield measurements 6f Eh are reported relative to the Standard Hydrogen '

gElectrode (SHE). - e;The sulphide electrode was calibrated in the laboratory using the method
|iIg

b
developed by Berner (1963).

cCalculated based on measured sulphide potentials, pH, ar.d the known Jj g
"; $

equilibrium constants for the sulphide system. ddNot measured. =

eAverage values for trench leachate 27 based on values reported for 9/76, 5/78
and 10/79 samplings.

=
;

-
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2Figure 3.1. Calibration curve of the silver-ailver sulphide electrode..Escal corresponds to the4

measured potential relative to the calomel electrode.,. Data reported by Berner (1963) are also
.

presented (4 ).
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The results show that most leachates are depleted in dissolved oxygen in-
dicating anoxic conditions in the trenches. Anoxic conditions are also indi-
cated by negative redox potentials and the presence of sulphide in most
leachates.

The pH data show that most trench leachates exhibit pH in the range of
6.0 to 8.5 pH units. Highly alkaline conditions are observed in trench 33L4
(pH = 12).

Relative to most trench leachates, leachates 7 and 27, both sampled prior
to 1981, exhibit the highest specific conductance.

The calculated H S concentrations range from a low of 10-24 mg/L in2
leachate 33L4(81) to a high of 10-6 mg/L in leachate 27(79).

3.3 Cation Composition

The concentrations of the various cations present in the trench leachates

are shown in Table 3.5.

The levels of ammonium concentrations observed range from 18 mg/L in
leachate 33L4(78) to 116 mg/L in leachate 27(81). Relative to the ambient
groundwater ammonium concentration of <0.1 ppm, all leachates sampled exhibit
considerable enrichment in ammonium.

The calcium and magnesium concentrations of most trench leachates and
well water UA3 lie in the 0-400 mg/L range. The highest concentrations of

2 2Mg + (1300 mg/L) and Ca + (864 mg/L) are observed in leachates 30(79) and
33L4(81), respectively.

The sodium and potassium concentrations observed for most trench
leachates lie in the 20-1000 mg/L and 10-140 mg/L ranges, respectively. The
highest concentrations of both Na+ (2140 mg/L) and K+ (329 mg/L) are observed
in leachate 7(81). Relative to well water UA3, both Na+ and K+ are
significantly enriched in most trench leachates.

| Most trench leachates exhibit dissolved iron and manganese concentrations
in the range of 0-65 mg/L and 0-2 mg/L, respectively. The highest concentra-
tions are observed in leachates 37(76) and 27(79) in.the range of 1100-1400

mg/L for iron and 42-190 mg/L for manganese. Leachates such as 33L4(78,81)
and 35(81) *thich show the lowest concentrations of dissolved iron are also de-
pleted in dissolved manganese. As shown in Table 3.5, in most cases, the dis-
solved iron present in the leachates occurs in the ferrous state. Relative to
ambient groundwater concentrations, both dissolved Fe and Mn are significantly
enriched in most leachates.
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. Table 3.5. Ca' tion composition of trench leachates.

Concentration (ag/L) ., - n
333

2 8 2 2 2 2Trench- ,Na+ K+.- - NHe,+ -Li+. FeT8 Fe + .MRT 'Ca + Mg +- Ba + - Sr +

2(76)' 700- 66 'b. -0.99 40 b 0.8 29 79 b b
-7(76) 240 140 b .0.56 : 61 ' b .0.5 .130 73 . b b
.7(81)L 2140; 329- 75 b- 17 12 1.9 107 193 <0.5 0.7

18(76) .- 540 .50 b' 18 33 b <0.1 14 160 b b'
19s(76) -100 25 ;b - 9.2 150 b 0.8 58 130 b' b

:19s(81) 231' 27 -45 b 65 62 0.5 49 128 0.7 0. 6 -
23(81) 825 77 ~ 100 b 7 6 <0.1 11 .230 (0.5 <0.3
26(76)- 20 39- -b- 0.34 65 b 0.7 31 130 b b
27(76). 670 120 :b- - 1. 9 1200. b 70 600 430 b b

|27(78). -450 36 . 8 10 1. 9 ' 1150- b 88' 240~ 255 b 4-
127(79), 770 .100 -60 .2.3: 1400 1360 190 740 720 17 7

27(Av)c 495. 85. 70 12.0 1250 1360- 116 455 468' 17 5
27(81) .'554 87- '116 Lb 165 164 1.7 220 350 15 '2.3
-30(79)- 1000 <43 ' 50 . : <0. 5 10 10 - 0. 3 32 1300 <2. 0 <0.3
32(76): 700 210 b- .0.15- 16 b 1.2 175 230 b b

-33L4(78) 180 30' 18: 0.16. 0.3 b <0.1 . 650 0.1 7.0 b.
~

33L4(81) 180 102 26 b 0.2 .h <0.1: 864 <0.2 7.3 8
-33L8(81) 150- 11 50. b: 43 42 1.8 190 '49 <0.5 <0.3
35(81)' .614~ 51. 37 b.

|37(76) 680 20 b '0.30 .
0.9 0.8 -0.3 26. 330 <0.5 <0.3

1100 -b 42 250 730 b 'b

mRepresent. total dissolved iron (FeT) and total dissolved 'eanganese
(MnT)* . .

.bNot measured.
cAverage' composition based on data ' reported for 9/76,i 5/78, and -10/79
samplings.

.;

~ 2 2- Other cation constituents, such as Li+,' Bs +, and Sr +, have also been
- detected.. In most leachates,' lithium concentrations are below 1 mg/L.' Hov-
. ever,'leachates'18(76)-and 19s(76) show significant enrichment at levels of 18

2 2mg/L and 9 ag/L, respectively.- In most -trench leachates,- Ba + and Sr + con _:

centrations are low to below detection with-the exception of-leachates-
2

E 27(79,(1) and 33L4(78,81) where - substantial enrichment is observed. Both Ba +4 . angSr appear to be enriched -in leachates which also show enrichment in
Ca .'

L-
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3.4 Anion Composition

The concentrations of the major anions present in the trench leachates
are given in Table 3.6.

|
Table 3.6. Anton composition of trench leachates.

Concentration ag/L

NO " + NO " Alkalinity S0.2~ SiO2Trench Cl- F~ 3 2

(as N) (as CACO )3
m

[ 2(76) 310 a <0.05 1560 11 14

7(/6) 220 a <0.05 1090 (10 12

"
7(81) 2500 44 9 1150 1320 a

18(76) 310 3 <0.03 2050 18 13

19s(76) 150 a <0.05 980 (10 9

19s(81) 231 4.0 0.53 1040 <1.5 a
,

23(81) 575 5.3 28 2420 57 a

,

26(76) 290 a <0.05 1320 <10 9

27(76) 4200 a 1.6 432 69 14

9 27(78) 3900 0.9 0.10 330 <0.5 5

27(19) 6100 a 0.75 300 2.2 19'

27(Av)b 4733 0.9 0.82 354 24 13

27(81) 2340 a 17 312 <1.5 a

30(79) 4 a 0.11 5400 85 42

. 32(76) 370 a <0.05 2720 11 14
E 33L4(78) 168 a 11 1603 <5 1

-

33L4(81) 361 a 10 2120 <1.5 ac

33L8(81) 37 3.7 1.6 1080 15 a
-- 35(81) 235 45 0.67 2310 <1. 5 a

r 37(76) 180 a 13 125 8000 35

aNot measured.
bAverage composition based on data reported for 9/76, 5/78 and 10/79
samplings.

Most trench leachates exhibit chloride concentrations in the 30-600 mg/L
5 range. Leachates 7(81) and 27(76,78,79) exhibit much higher concentrations in

the range of 2300-6100 mg/L. The lowest chloride concentration (4 mg/L) isg
observed in leachate 30(79). Relative to well water UA3, most leachates show,

_

significant enrichment in Cl . Relatively high concentrations of fluoride

{
(=45 mg/L) are observed in leachates 7(81) and 35(81).

p The nitrate concentrations in the various leachates vary from <0.05 mg/L
g in several trenches to 28 mg/L in leachate 23(81). Relative to ambient'

groundwater concentration, nitrate shows enrichment in several trench
leachates.

;

The results of silica analyses conducted on leachates sampled prior to
| 1981 show that for most leachates the silica concentrations lie in the range

9 of 1-15 mg/L SiO . Relatively high concentrations of 35 mg/L and 42 mg/L are2
I observed in leachates 37(76) and 30(79), respectively. In the pH range of 6
9 to 9 pH units, the dominant form of dissolved silica is monomeric silicic

acid, whereas under extreme acidic and alkaline conditions, the ionic, poly-
i meric forms of silicic acid dominate (Duedall. Dayah and Willey, 1976).

- 31
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The sulphate concentrations for most trench leachates range from below
detection to 90 mg/L. Elevated concentrations of 1320 mg/L and 8000 mg/L are
observed in leachatee 7(81) and 37(76). It is interesting to note that ele-

vated concentrations of silica are also observed in the same leachates. Rela-
=

tive to the sulphate concentration of 2100 mg/L in well water UA3, it should
be noted thst most trench leachates show significant sulphate depletion.

The titration alkalinities measured for the various trench leachates show -

that most leachates represent well ' suffered systems and exhibit a wide distri-
bution, ranging f rom 100 to =2700 mg/L. The highest alkalinity is observed in
leachate 30(79). Relative to the ambient groundwater alkalinity, all
leachates exhibit significant enrichment.

3.5 Major Water Types

In Figure 3.3, the cation and anion equivalents are displayed on Piper
trilinear diagrams to graphically represent the dissolved constituents in
trench leachates and to help classify distinct water types. For the sake of
comparison, the average composition of well water UA3 is also projected on the
diamond shaped field to show its distinct chemical identity. In terms of
their anion contents, the trench leachates can be classified into two distinct

.2water types:

22 > SOg + Cl-):(a) Bicarbonate rich (HCO F + CO3 :3
2(7'), 7(76), 18(76), 19s(76,81), 23(81), 26(76), 30(79), 32(76),
33L4(78,81), 33L8(81), and 35(81). 2

;

22 < S0g + Cl-):(b) Bicarbonate poor (HCO + CO33
7(81), 27(Av), 27(81), 37(76), and UA3.

'

In terms of both anion and cations contents, the leachates can be
classified, as shown in Table 3.7, into several groupings of specific water ')'
types.

,

..

s

5

a

-

32

-



,... . ,
_ _ _ _ _ _ _ _ _ . . _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _

I

i-
I

r

i

37(76)e

27(Me

.ga3

/ .27.,s.,
e

e33L4(81)

+ 33L4(783 37(76
4

- g in 90

20 20 .gA3 80

+30 P9) .26(76)

35(8j) 7j76)g,{, 30 7030(79) 30

s''0''u 40 60m

/ UIS "f 8(76) .850 50 S3S(60 50.p \

.n m ,f,0
27(so .

ryu wme
4060

19s ( W.
** 70 ' 70 30

30 gg,

*
e 7(761 g g0 , e 7t81) 20

2(76),

7(ene ,0 ,0 m
-

./ , 27(sih'bpt4(s:(33L4(tal -

1 1 , , , , , ,
1 , 1 1

90 f0 - 70 - 60 50 40 30 20 10 - 10 20 30 40 50 60 70 60 90

* Cs Cl --*

Figure:3.3. Piper trilinear diagram showing tha different water types
representing trench leachates and ambient groundwater.

i

Table 3.7. Various water types showing chemical
variability in trench leachates.

Leachate Water Type
,

2(76), 7(76), 18(76),-19s(76,81), (Na + K) - Mg - HCO3
23(81), 25(76), 30(79), 32(76),
-35(81)

37(76), UA3 Mg - (Na + K) - S0g

7(81) (Na + K) - C1

27(Av), 27(81) (Na + K) - Mg - Cl
.

33L4(78,8!.), 33L8(81) Ca - HCO3

33
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_ 3.6 Dissolved Radionuclides

There are two sets of data presented on dissolved radionuclides observed
in the trench leachates. During the survey study conducted in 1977, leachates

- were sampled from most of the burial trenches at Maxey Flats (trench 1 through
i trench 44) and analyzed for tritium and gamma emitting radionuclides. The re-

sults of 1977 survey study represent the first set of complete data for dis-
- solved radionuclides present in trench leachates and, to our knowledge, is the
- only set-of available data that provides information on the distributions of
B several important radionuclides in all the trench leachates sampled at Maxey
_

; Flats. The second set of data is based on decay corrected average values of
dissolved radionuclides in trench leachates sampled multiply during the sixi

[ sampling trips undertaken by BNL from 1976 through 1981. This set of data
also includes the radionuclide data based on the 1977 survey study.p

The survey study data given in Table 3.8 and displayed in Figure 3.4 show - -

m

; that Co-60, Cs-137, Am-241, and Cs-134 are the major gamma emitting radio-
nuclides identified in the trench leachates. In addition, Mn-54 and Na-22-

-

were detected in several trenches.

[ Tritium, which was also analyzed in the leachates, is found to be the
- cost abundant among all the radionuclides idectified. All leachates exhibit

i substantial amounts of R-3, with leachate 30 showing the highest concentration
9' at a level of 7.4 x 10 pCi/L and leachate 14L the lowest concentration (2.5 x

"

" 810 pCi/L). It is important to note that leachate samples taken from the same
_

trench but at different sumps show significant differences in their H-3 con-
- centrations. For example, leachates 31E and 31W and 36E and 36W represent
_

leachate samples collected from east and west sumps of trenches 31 and 36,
g respectively. Similarly, leachates 44N and 44S correspond to leachates
- sampled at the north and south sumps of trench 44.
_

b The survey study results show that Am-241 was below detection in most
L trench leachates. However, several trenches did contain appreciable amounts

3D of Ar-241. The highest Am-241 concentration, at a level of 9.3 x 10 pCi/L,
[ is observed la leachate 37.

b
g Cs-134 is found to be below the limits of detection in most trench leach-
L ates. Only nine leachete samples conta n measurable quantities of Cs-134,

with leachate 40N showing the highest concentration (2.2 x 10* pCi/L). Mea- -

surable quantities of Cs-137 are found in at least 23 trenches. Like Cs-134,p
? the highest concentration of Cs-137 is also observed in leachate 40N (1.5 x

5
[ 10 pCi/L). It is important to note that practically all lecchates sampled

from the "L" series trenches, where a large fraction of the waste dumped wasy
-; in liquid form and subsequently solidified, contain both cesium isotopes in
; quantities below their detection limits. Only trenches 33L3 and 33L18

contain substantial amounts of Cs-137 and Ca-134 in solution.g
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[ Table 3.8. Tritissa and gamma esittics radionuclides in trench leachates based on
1977 survey study (activity, pC1/L (+20%)]a

Trench H-3 An-241 Cs-134 Cs-137 CHO

3 2 2 3

n 1 3.7x10' (3.5) <1.7x10 U.3x10 U.9 x10 <2.?x10
2 2

- 2 1.9x10 (1.6) 4.7x10 (6.2) <1.7x10 C.3x10 1.9x10 (3.1)
2 2 - -

* 3 1.3x10 (1.9) <l.9x10 <l.4x10 <2.0x10 1.9x10 (12)
~

2 # 2
SS 1.5x10 (G) 0 .7x10 C.2x10 (2.9x10 9.0x10 (24)

- 7 3.6x10 (<!) <6.7x10 <2.5x10 3.3x10 (12) 8.5x10" (I.4)2 2

2 2
- 8 6.4x10 (8.4) <2.7x10 C.6x10 9.0x10 (29) 1.2x10 (1.2)

I I
i- 9L 7.9x10 (7.6) <4.0x10 <1.6x10 <2.0x10 <2.0x10

2 2 2 2
14L 2.5x10 (13) 0.7x10 <l.4x10 c.7x10 <1.6x10

2 2 2 2m
=- 17L 8.9x10 (2.3) <1.9x10 <l.2x10 <1.5x10 <l.5x10 ''

T 18 4.5x10 (<1) <2.2x10 <l.6x10 4. 8x10 (6.8) 2.3x10* (2.8)2 2

2 2
19s 8.4x10 (G) <2.Pa!0 U.2x10 4.6x102 (5.2) 1.3x10 (13)

2 2
22 1.8x10 (5.1) U.dx10 U.2x10 0.7x10 1.5x10# (13)2 # 2.

23 1.0x10 (G) <t.8x10 U.1x10 U .6x10 <l.6x10"
2 3

24 1.9x108(G) 9.0x10 (34) U.4x10 4.3x102 (19) 1.2x102 (15)r 2
25 8.0x10 (<t) <l.7x10 U .3x10 3.3x1C (15) U.2x10

2w
P 26b 1.1 10 (d) 1.0x10 (9.5) 7.0xt01 (29) 4.4x10 (2.0) 4.6x10 8.6)

1.3x10" ((1.4)
*

5.7x10 (16) 5.6x10 (2.1)27C 4.8x10' (<t) 2.7x102 (10)
30 7.4x10 (G) <2.8x10 c.9x10 9.2x10" (l.1) 3.0x10" (2.4) ..

31E 4.8x10 (G) 3.0x102 (62) U.4x10 7.6x102 (4.0) 3.6x108 (7.7)2

31W 4.7x10 (<!) 7.0x102 (23) 9.9xiO2 (6.1) 4.0x10" (O ) 1.9x10 (13)a
r 2 13)

3 ((4.275 32 1.9x10 (G) <3.0x10 U.6x10 4.2x10 (5.7) 2.2x10
2 2

- 33Lt 3.7x10 (3.5) 0 .7x10 <l.2x10 <l.3x10 1.5x10
- 33L3 4.6x107 (1.0) 1.8x103 (17) 3.3 x10# (18)

4.6x10" (1.7) 9.7x10' (1.4)3

I 2
5.9 x10 1.3) 2.0x102 (47) 0.0x10 <2.0x10 <!.8x10 .

_. 33L4d
7.4x10' ((2.5) U.5x10 0.0x10 G.2x10 3,7,go2 (* 5)2 2 2

.- 33L6
R 33L8 1.3x10' (5.1) <l.9xt0 U .7 x10 <2.2x10 5.5 x108 (2.2)2 2 2

2 2
33L9 2.6x107 (1.3) U.7x10 U.4x10 2.8x10 (7.6) 1.9x10 (13)

# 2
33L10 7.4x10 (7.8) <l.5x10 U .2x10 <1.7x10 1.tx103 (14)2 2 2

1.4) U.5x10 U.2x10 U.8x10 1.0x10 (19)
7 ((1.3)

33Lil 2.2x10
<l.9x10 U.8x10 <2.5x10 3.4x10" (2.4)2 2 2

- 33L12 2.4x10
'

33L13 5.7x10 (8.9) <4.1x10 d . 8 x10 c .tx10 1.3 108 (4.5)I I I-

I I 3

g- 33116 1.3x10 (G) <5.4x10 U.6x10 d .8x10 <2.5x10
-

2 2 3

33L17 1.4 x10 (2.6) <1.5x10 <1.1x102 G .8x10 1.3x10,(16)'
- 33L18 5.0x10 (G) 4.7x102 (10) 2.6x108 (12) 3.6x10" (1.8) 8.3x10 5.0)
Z 34-1 1.9x10 (4.9) <3.4x10 1.6x103 (21) 2.8x10" (2.0) 1.0x10' ((4.3)2

i 34-4 9.9x10 (2.2) <3.6x10 <3.9x!0 <5.2x10 2.7x105(U) , t.2 2
^

T 35 2. 4 x10 (G) 2.4x102 (33) 0.7x10 5.1x102 (12) <2.9x102
32 1.4x10 16)

" 36We 5.1x10, (<!) U .8x10 3.0x10 (90) 6.7x103 (4.2) 2.4x10,((11)
-

36E 5.3x10 (O) 0 .7x10 <l.3x10 <2.0x10f 2

I 37f 9.8x10* (2.2) 9.3x103 (4.0) 8.0x102 (46)
4.1x103 (6.9) 3.5 10' (2.2)

Er 388 3.3x107 (1.2) 5,0x102 (57) U .3x10 1.8x10 110) 1.8x103 (12)3

3 1 1

39 7.5x105 (7.8) 0.1x10 G .5x10 2.6x102 (18) <l.9x10
r 40N 6.6x10e(G) <3.2x10 2.2x10" (2.8) 1.7x10 (d) 2.8x103 (11): 2

2 2 3

{ 42h 1.6x107 (1.7) U.6 x10 U .2x10 U.8 x10 2.8x105 (9.2)
1.0x10, (G ) <6.4 x10 7.0x103 (32) 1.5x10' (7.2) 8.4x10,(0)8 2

E 44Ni
8 1

E 44S3 1.4x10 (1.8) <4.tx10 U .8x10 <2.7x10 4.7x10 (7.8)

E-
..

aNumberin()=2a%countinguncertainty.
Na-22 intrench 26=1.3xg0 (21).bm

- cMn-54 in trench 27 = 3x10 (34). -

g^ dNa-22 in trench 33L4 = 1.3x102 (20).
i *Nn-54 in trench 36W = 2.1x103 (14).3_

f n-54 in trench 37 = 1.8x103 (26).En M

_
SMn-54 in trench 38 = 9x102 (28).
hMn-54 in trench 42 = 6x102 (33),
1 n-54 in trench 44N = 1.9x105 gg,3),-

-

M
3Ma-54 in trench 44S = 1.7x102 (24).
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Co-60 is observed in most trench leachates. Only ten trenches (1, 9L,
14L,17L, 23, 25, 33L4, 33L16, 35, and 39) show immeasurably low concentra-
tions of. Co-60. The highest concentration is observed in leachate 44N (8.4 x

~

5
,

10 Ci/L), while leachate 44S contains Co-60 at a concentration level of 4.7 -

x 10 pCi/L.

In summary, tritium is the most abundant radionuclide observed in all
leachatas sampled. In contrast, Am-241 and Cs-134 are below their detection
limits in many leachate samples. Leachate 40N exhibited the highest concen-
trations of both cesium isotopes. Co-60 is found to be present in most trench
leachates, while the highest concentration is observed in leachate 44N. In-

_

variably leachates sampled from the same trench but different sumps show sig- S.
"

nificant differences in radionuclide concentrations. Except 33L3 and 33L18,
all "L" series leachater.; contain immeasurably low concentrations of Am-241,
Cs-134, and Cs-137. Co-60 is also below detection in several "L" series _

"4trenches (9L, 14L, 17L, 33L4, and 33Ll6).
&

The second set of data represents concentrations of radionuclides (decay f
corrected to October 1981) present in trench leachates sampled by BNL during i

'the period 1976-1981 (Table 3.9). The decay corrected (October 1981), average 3
radionuclide concentrations based on all BNL samplings during the period 1976-

-

'1981, are given in Table 3.10. This set of data also includes results of E
Sr-90, Pu-238, and Pu-239,240. In contrast to the large number of trenches y
sampled during the survey study, a relatively small number of selected

-

trenchev were sampled multiply during subsequent sampling trips. 3
I

The average radionuclide concentrations given in Table 3.10 are displayed 3
in Figure 3.5. The error bars in Figure 3.5 reflect the extent of variation -

observed due to multiple leachate samplings in a given trench. y
d

tritium is 3Among the radionuclides identified in the trench leachates1g
the most abundant ranging from 7 x 10 pCi/L in 33L8 to 1 x 10 pCi/L in ]
leachate 30. Following tritium, Sr-90 appeata to be next most abundant rang-

3 6ing from =2 x 10 pCi/L in leachate 37 to 1 x 10 pCi/L in leachate 7. -Most 5
4 6 "

leachates exhibit Sr-90 concentrations in the range of 10 to 10 pCi/L.
-e

Following tritium and Sr-90, both Co-60 and Cs-137 appear to be the next g
dominant radionuclides with most leachates showing a wide distribution in the 2

observed concentrations ranging from 10 to 10 pCi/L. Both co-60 and Cs-137 y3 5

are relatively depleted in the "L" series trench leachates (33L4 and 33L8). ;
Like Sr-90, the highest concentration of Cs-137 is observed in leachate 7. ?

Co-60 also shows enrichment in leachate 7. %
! )

'

The Pu isotopes (Pu-238; Pu-239,240) exhibit a wide variation in the ob- i
served concentrations ranging from =10 to =10 pCi/L. Leachates 7 and 33L8 i0 5

exhibit the lowest concentrations for both Pu isotopes, while the highest d

concentrations are observed in leachate 19s. ]
a

3
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^ Table 3.10. Average radionuclide concentrations in trench leachates sampled during the period 1976-1981.

Concentration *

Trench 11 - 3 Sr-90 Pu-238 Pu-23 9,240 An-241 Ca-134 Cs-137 Co-60

7,9,377 3 3 2 3 2 2
2 1.7x10 4.6x10 6.4x10 3.5x10 4.0x10 <l.0x10 <1.0x10

3 6 3 2 2 3.6x10" 1.7x10"7 3.0x10s 1.1x10 7.1x10 2.6x10 3.9x10 1.0x10
2 I I 2 3 1.2x10"18 3.4 x10 e 4.7x10" 5.7x10 5.1x10 (2.0x10 <l .0x10 4.8x10

1 3 37 5 5 3 1.4x10" <5.0x10 6.1x10 6.9x1019e 7.0x10 2.4x10 2.0x10 5.8x10
I 2 I 3 33 1.9x10" 2.2x10" 6.9 10 !.4x10 <2.0x10 3.2x10 1.5x1023 1.0x10
3 3 1 8 23 2.9x10" 8.0x10" 3.1x10 1.0x10 3.6x10 5.2x10 5.7x1026 1.1x10

3 5 8 3 1 3 3
27 2.3x10 1.4x10 1.3x10" 1.3 x10 4.8x10 7.6 x10 9.3x10 5.3x10

10 1.9x10" 2.0x10 3.3x10 1.2x10 2.2x10 5.6x10" 2.2x10"2 2 2 230 1.tx10
3 5 3 8 3 3 3

32 1.3x10 3.8x10 5.0x10" 1.3x10 6.0x10 5.6x10 4.1x10 2.0x10
7 3 3 2 1 2 3

33L4 4.0x10 1.7x10" 3.5x10 5.3x10 2.0x10 <4.0x10 1.9x10 1.8x10
3 2 3 3 I I 2 3

33L8 7.0x10 4.4x10 7.9x10 1.2x10 <3.0x10 (2.0x10 1.4x10 1.6x10
7 3 I 1 3 1.4x10"33L9 3.3x10 9.7x10 b b <4.0x10 <l.0x10 3.4x10
7 3 3 3 2 333L18 3.8x10 3.1x10" 7.7x10 2.4x10 4.3x10 6.4x10 2.6x10" 4.1x10

3 2 2 8 23 1.5x10" 5.1x10 7.1x108 3.4x10 1.2x10 5.2x10 1.5x1035 3.7x10
3 3 2 2 3 2.3 x10"37 ).8x10 1.7x10 1.7x10" 3.1x10 1.9x10" 2.5x10 6.2x10

aAll concentrations, expressed as pC1/L, are decay corrected to October 1981.
bNot determined.

Am-241 concentrations range from below detection in leachates 18, 33L8,
and 33L9 to a high of =10"'pci/L in leachates 19s and 37.

As reported in the survey study, Cs-134 is below the limits of detection
2in many leachates. The highest concentration, at a level of 6.4 x 10 pCi/L,

was observed in leachate 33L18, which also shows significant enrichment of
Cs-137.

-- 3.7 Total Dissolved Carbon and Organic Compounds

Water samples collected from several trenches were analyzed for total
dissolved carbon and for both hydrophobic and hydrophilic organic
constituents.

The concentrations of total dissolved carbon, inorganic carbon, and
organic carbon in the various trench leachates are given in Table 3.11. The
total dissolved carbon concentrations range from a low of 460 mg/L f n leach-
ates 7(76) to a high of 3300 mg/L in leachates 37(76). In most leachates, the
dissolved organic carbon represents a major fraction of the total dissolved
carbon, while in several cases the dissolved organic carbon accounts for the
total attount of carbon dissolved in the leachates. The highest dissolved or-
ganic carbon concentration (3280 mg/L) is observed in leachate 37(76). Rela-
tive to dissolved organic carbon concentrations, the inorganic carbon present
in solution is low in most cases. The highest concentration (1500 mg/L) is
observed in leachate 30(79) which also exhibits a relatively low concentration
.of dissolved organic carbon. In leachates 27(76,78) and 33L4(81), the dis-
solved inorganic carbon concentrations were found to below the detection limit
of 2 ppm.
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Figure 3.5. . Average radionuclide concentrations in trench leachates (decay
corrected to October 1981) based on multiple samplings during the
period 1976-1981. The error bars represent the extent of varia-
tion observed in radionuclide concentrations in a given trench
sampled multiply. Asterisk (*) indicates concentrations below
detection limits.
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Table 3.11. Dissolved carbon concentrations
in trench leachates.

Dissolved Carbon (mg/L)

Sample Total Inorganic Organic

2(76) 480 270 210
7(76) 460 210 250
7(81) 950 220 730
18(76) 940 440 500
19s(76) 700 80 620
19s(81) 600 170 430
23(81) 1300 520 780
26(76) 1100 150 950
27(76) 730 <2 730
27(78) 540 <2 540
27(79) 1574 74 1500
27(Av) 948 25 923
27(81) 550 57 493
30(79) 1760 1500 260
32(76) 1300 510 790
33L4(78) 1110 10 1100
33L4(81) 1500 <2 1500
33L8(81) 490 330 160
35(81) 930 390 540
37(76) 3300 20 3280

The hydrophobic organic compounds reported in Table 3.12 are those found
in the methylene chloride extract of selected leachate samples. The hydro-
phobic organic constituents identified in the leachates consist of several
straight- and branched-chain aliphatic acids, aromatic acids, alcohols, alde-
hydes, ketones, auines, aromatic hydrocarbons, esters, ethers, phenols, and
heterocyclics. Table 3.12 shows the range of concentrations observed for the

= various hydrophobic organic compounds in the trench leachates. The total con-
centrations of hydrcphobic constituents range from 6 mg/L in leachate 30(79)
to a high of 78 mg/L in leachate 32(76). In most leachates, the carboxylic
acids represent a major fraction of the total hydrophobic constituents.

The hydrophilic organic compounds are those which are present in the non-
-extractable methylene chloride fraction. The hydrophilic organic groups of
compounds identified consist of chelating agents, dicarboxylic acids, and
phthalate esters. A detailed listing of the various carboxylic acids and
phthalates observed is given in Table 3.13. The total concentrations of
hydrophilic constituents range from less than 1 mg/L in 33L8(81) to a high of
31 mg/L in 23(81). The chelating agents represent a major fraction of the
total hydrophilic constituents, except in leachates 7(81) and 35(81) where the
phthalate estcrs dominate. Leachates 33L4(81) and 33L8(81) are predominsntly
enriched in dicarboxylic acids, representing a major fraction of the total
hydrophilic constituents.
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Table 3.12. Hydrophobic organic ccupounds in selected trench leachates.a,b

Trench Imachates oca

Hydrophobic organic Compounds, 19s(76) 19s(79) 26(76) 27(76) ' 27(79) 30(79) 32(76) 32(79) 33L4(78)

.Carboxylic acids 25. 6.9 42 22 14 5.6 64 7.9 35

Benzole acid 0.22 1.2 0.22 0.24 1.9 0.59
0.35 0.26 0.66 0.16 1.8 - 1.1

C6 acids ~
1.4 2.1 d 0.14 d 0.80C8 acids

2-Ethythexanoic acid 5.6 1.9 ' 3.4 17 9.7 1.1 8.8 3.2 27

Hexanoic acid 1.5 1.9 1.2 0.64 4.7 2.0
-1sobutyric acid . 2.0
2-Methylbutanoic acid . 4.6 0.52 19 0.98 0.60 13

3-Methylbutanoic acid 1.8 0.80 0.48 0.76 5.8 1.6

-2-Methylhexanoic acid 1.5 0.13 1.2 0.40 0.24 3.2 0.57 0.30
- 2-Methylpencanoic acid 4.2 0.45 4.0
3-Methylpentanoic acid 3.1 0.67 3.6 1.4 0.98
2 **ethylpropionic acid 0.40 _ 0.12 0.24

'Nonanoic acid 0.08
Octanoic acid . 0.36 0.64 0.10 1.3 0.20 0.39

4.6 4.7Pentanoic acid .

0.56 - 0.34 1.5 0.08 0.16 3.4 0.25Phenylacetic acid
Pheny1hexanoic acid d' d d d d d

Pheny1 propionic acid 1.2 1.3 0.56 0.50 9.8 0.70
2.7 2.1Toluic acid.

Valeric acid 2.0 0.28 1.3

Esters .
0. 54 0.45 0.29 0.36 0.30

Triethyl phosphate - 0.38 0.18 d 0.29
-Tributyi phosphate 0.16- 0.17 0.36 0.30

Hydrocarbons 3.0 9.6 3.8 3.6 0.62 7.8 2.6 0.39

Alkanes (C10-C31)
Dimethyl naphthalene
Naphthalene 0.12 0.03 '.0.28 0.15 0.06 0.28 0.07

. Toluene 2.9 9.5 3.5 3.4 0.56 7.0 2.4 0.39

Iylene ' d 0.03 0.48 0.13

Alcohols 2.9 - 0.10 0.31 0.23' O.19 0.73- 1.1

Cyclohexano! 2.9 0.10 0.24 1.1

Diethylene glycol d d

Ethylene glycol d d d d

2-Ethyl-1-Hexanol 0.23 0.17 d

e-Terpineal 0.31 0.49

Phenols 2.9 1.2 2.0 1.1 0.79 5.4 0.36 9.1

' Cresol isomens 2.9 1.2 2.0 0.70 0.56 4.2 0.28 0.28

Phenol 0.04 0.40 0.23 1.7 0.08 0.20
8.6

Vanillan

.,

Ketones and Aldehydes 0.59 0.20 1.8 0.08 1.1

' Camphor 'd d d
t

1.1Cyclohexanone
Dibuty! ketone - d d
Fenchone 0.03 d d 0.08
Methy11sobutyt ketone 0.56 0.20 1.8

T2tal 34 19 48 27 18 6 78 11 47

8A11 concentrations are reported in ag/L.
b esults of trench leachates 2(76). 7(76), 18(76), 31(76) and well vater CB1A(79) are reported elsewhere (Weiss and Columbo,R

'

! 1980). However, qualitative analysis revealed the presence of staller hydrophobic organic constituents in those leachates.,

4PNL identified several heterocyclic hydrophobic compounds in teachates 7(81),19s(81.p2), 23(81), 27(81.82) and 35(81). The
<following compounds were reported Barbital, Bensofuran, Benzothiazol 2(3H) bensothianalone, caffeine, caprolactas,
1,3-dihydro-2H-indol-2-cne, p-diomane, nicotina, pentabarbital, piperidinone, and tetrahydrofuran. Detailed realysis of leachate
27(4/81) revested the presence of several hydrocarbon and hydcocarbon halide classes of compounds. Further details are given
elsewhere (Kirby et al., 1984).

. dCompounds were identified but not quantified; blank spaces indicate capounds not detected.
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Table 3.13. Hydrophilic organic compounds in selected trench leachates .ba

-

Trench Imachates
.

Hydrophilic Organic Compounds 7(81) 19s(81) 23(81) 27(78) 33L4(81) 33L8(81) 35(81)
-

Chelating agents 6.2 23 28 1.2 0.40 0.08 0.87
Ethylenedicainetetrascetic

acid (EDTA)' 5.01 12.4 4.89 0.96 0.40 0.078 0.868N-Hydroxyethylethylene-
diaminetriacetic acid (HEDTA) 8.35 19.5

" Ethylenedisminetriacetic acid

(ED3A) 1.19 2.19 3.88 0.212
_

-

Dicarboxylic acids 2.8 0.56 0.45 0.35 2.6 0.39 2.2Oxalic acid
Succinic acid 0.345 0.026 0.039 0.080
Methylsuccinic acid 0.191 0.021 0.021 0.231Pentanedioic acid 0.248 0.041 0.054 0.406Hexanedisic acid 1.57 U.223 0.244 0.167 0.451 0.104 0.834

[ Methylhexanedioic acid 0.305
- Octanedioic acid 0.781 0.057E Nonanedioic acid 0.455 0.338 0.210 0.096 1.39 0.111 0.314
M

_ Monocarboxylic acids 0.03 0.172
Dodecanoic acid"
Hexadecanoic acid 0.061
Nondnoic acid

h Octadecanoic acid
6.

0.031 0.111

i Oxygenated acids 2. 2, 0.03 0.04 0.19
Citric acid=

4-oxe-Pentanoic acid 2.7 0.029 0.043 0.185

, Aromatic acida I.9 0.44 0.90 0.08 0.03 2.0
- Benzoic acid
h 2-Hydroxybenzoic acid 0.027"

I,3-8entenedicarboxy11e acid 0.381 0.276 0.440 0.077 0.877
- 1.4-Benzenedicarboxy11c acid 1.18 0.162 0.457 1.14
1 1,2,4-Benzenetricarboxylic acid 0.311

Pentafluorobenzoic acid
* Phthalate esters 8.8 3.05 1.8 1.3 0.10 14o Dibutyi phthalate
E Disethyl phthalate 8.82 2.836 1.67 0.391 0.098 13.6-

Methyl phthalate 0.213 0.108 0.012 0.874
; Dioctyl phthalate 0.851
-

Total 22 27 31 3.0 3.0 0.81 19;

'

sconcentrations reported in ug/L; methylated (fP /Hethanc1) acids identified as methyl esters; analysi's3F

y conducted by PNL; samples collected by BNL. :

- b
.

No entry indicates compound is below detection levels.
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' A comparison of the concentrations of hydrophilic and hydrophobic
constituents and total dissolved organic carbon is shown-in Figure 3.6. The
hydrophilic ~ constituents represented are total chelating agents, total car--
.boxylic acids' (dicarboxylic acids,' monocarbrxylic ' acids , oxygenated acids , and
aromatic' acids), and phthalate esters observed in the various trench leach-

' ates. "The hydrophobic constituents, displayed in Figure 3.6, indicate that:

the concentration. ranges for the_ total hydrophilic and hydrophobic consti->

tuents observed :in ' the various trench leachates are comparable and that they-.

' are significantly lower (two- or_ three _ orders of magnitude) than the total
_

i dissolved. organic carbon in the leachates.. This observation indicates that a-

large fraction of the total dissolved organic carbon has not been charac .
terized -and most- probably consists of high molecular weight organic compounds

. such as humic and2fulvic-acids.:
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24. : DISCUSSION,
, -

4.1L:Lehchuinte Formation and Anoxia in Trenches

.T e combination'of hydrological and geochemical factors determine to'ah;_ , "
' large extent,the nature and amount of :leachate produced in a trench at a given

.

g /s
site.< At~ the Msuey Flats site, the weste trenches are located. in'non porous'

' shale of relatively low hydraulic conductivity. Consequently, this leads to
accumulation of-rainwater that infiltrates.through the trench caps. Such

. stagnant accumulations of water c,nd eventual overflow at the Maxey Flats site
has been termed the'" Bathtub Effect".-. Because of the long residence time of

: acciumulated water in the trenches, prolonged. leaching and microbial degrada-
As ation of buried waste materials occurs and leads to-leachate formation.~

result of'such interactions for extended. time periods, the resultant trench
_.

.leachaces acquire geochemical properties which are unique compared to natural~

cc
: groundwater. The important biog'eochemical processes controlling the formation'

;and! composition of trench leachates are discussed in the following sections.

4.1.1. Microbial Degradation of Organic Wastes ,

The development of anoxia can be attributed to redox. conditions in
/ trench'leachates largely controlled by microbia1' degradation of organic matter '

,present in the buried wastes. A large fraction of wastes buried in the
trenches consists of unconsolidated organic materials. Many components of

- these materials are subject to both aerobic and anaerobic microbial' degrada-
. The presence of. aerobic and anaerobic sulphate reducing, de-,

-tion processes.
nitrifying,.and methanogenic bacteria have been reported in the trench leach-
ates and these bacteria are able to grow anaerobically (Weiss and Colombo,T 6

1980).
J- .

, .

Civen the relatively stagnant leachate accumulations in the trenches
. at Maxey Flats, the dissolved oxygen is consumed rapidly during aerobic. decom-
position processes. _ Following depletion of all molecular. oxygen, further de-
gradatioa of organic material occurs by anaerobic processes which represent

As discussed below, the
rj' progressively lower Eh values as shown in Figure 4.1.

,

anaerobic degradation of organic matter involves denitrification, followedI

-successively by sulphate reduction and methane generation. . During these aero-
bic and anaerobic oxidation processes,' there is a continual production and~

~ buildup of: decomposition products such as carbon dioxide and ammonia which
causes the alkalinity, total aqueona CO , and ammonia contents of the trench

-

,

2[ Concurrently, dissolved oxygen, sulphate, and nitrateleachates to> increase.'

are consumed, resulting in negative redox potentials and the presence of sul-
phide in solution. Iron reduction contributes to high concentrations of dis-''

'

: solved ironi present. primarily as Fe + ( Aller,1983; Dayal et al.,1983).2
!'

:
,,

.,
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Figure 4.1. Approximate Eh values at which various redox reactions occur in
water at pH 7 and 25*C (after Drever, 1982).

Anaerobi,c oxidation of organic matter occurs in the following
sequence:

(a) Denitrification

org + 2NO + 2H+ = N2 + 2.5CO2+HO (4.1)2.5C 3 2
.

_

This is not an important process in that nitrate levels are low in
most groundwaters. However, at Maxey Flats some trench leachates
contain waste-derived nitrate. Particularly, in these trenches,

: denitrification could be important.

(b) Deamination of Amino Acids. Amino acids, which are constituents of
. protein, are decomposed under anaerobic condtions as follows

[ Amino Acid] = [N-free compounds] + NH3 (4.2)

The ammonia reacts to form NHg+,i

3+HO+CO2 = NHg+ + HCO - (4.3)NH 2 3
-

(c) Sulphate reduction. The oxygen in the sulphate is used by bacteria
to oxidize organic matter to CO , Producing sulphide species as a2

= by product.

2 + 2Corg + 2H O = H S + 2HCO - (4.4)504 2 2 3
_

HS will form rather than H S if the PH is >7 in pH units. Sulphate2,

_
reduction is an important process in trench leachates.

:

- (d) Fermentation reactions. There are many fermentation reactions, but
'

the simplest fermentation reaction known to occur in some trench
leachates at the Maxey Flsts site is methane generation,

i
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Corg + 2H O = CO2 + CHg (4.5)2

Metirne generation fermentation reaction represents an advanced stage
.of microbial oxidation of organic matter, following sulphate
depletion, and drives the redox potential to lower Eh values.

4.1.1.1.: Redox Equilibria and Buffering in Trench Leachates

Although Eh measurements reflect the redox levels of aqueous systems,
it is important to know which redox processes control and buffer the system.
~A redox buffered system is one in which reducible or oxidizable constituents
- are present that prevent changes in Eh in response to additions of small
amounts of . strong oxidizing or reducing agents (Drever,1982). Figure 4.2

- shows.the change in Eh upon decomposition of organic matter in fresh water
containing sedimectary material. In the absence of solid phases such as Mn
and Fe oxides,' there is a sharp drop in Eh to a constant value controlled by

2S0g -/H S, following complete depletion of all molecular oxygen. The Eh value2
remains constant until all the dissolved sulphate is consumed by the process
of' bacterial sulphate reducton, at which point the fermentation reactions take
over, as reflected by a steady decrease in Eh with further decomposition of
organic matter. .If the nitrate content of groundwaters is appreciable, re-
actions involving nitrogenous compounds such as denitrification (NO ~/NHg+)3

2. may provide some buffering between the 0 /H O and S0g /H S redox levels.2 2 2

+ 0.9
- 0-HO2 2

+ 0. 6 - -

28MnO2 - Mn +

$ + 0. 3 - -

D
O.0- O 2Fe2 3- Fe +

-

- SOI-H S
'

2
-0,3 -

FERMENTATION
' AMOUNT OF

ORGANIC MATTER REACTED -*

Figure 4.2. Redox sequence based on decomposition of organic matter in fresh
water containing sedimentary matter (after Drever, 1982). The
. lengths of the horizontal segments are arbitrary, depending on
the quantity and reactivity of specific solid phases. pH is as-

; sumed to remain constant at 7.0. Because of the initially low
nitrate concentrations in groundwater, denitrification is assumed
not.to be an important redox process.

In the presence of iron and manganese oxides, reactions involving
reduction of the solid oxide phases also provide buf fering between the 0 /H O2 2

2and S0g -/H S Pairs in the redox sequance (Figure 4.2).2
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In the discussion above, we have only evaluated redox buffers for
relatively uncontaminated systems involving organic matter and solutes in the
absence and presence of sedimentary niaterial such as iron and manganese
oxides. Cosidering the complexity of the solid phases and solute chemistry of
the trench leachates, it is difficult to establish unambiguously the dominant
redox buffers controlling the redox conditions in the trenches. However,
plotting the leachate data on an Eh pH diagram showing the various solid /
solution boundaries representing the important redox buffern in a groundwater
system (Figure 4.3), indicates that the redox levels of most leachates
(region A) correspond to buffering by the Fe2 3O /Fe + and SOi,2 /H S Pairs, re-2

2

flecting the presence of reactive organic matter and relatively long residence
times for infiltrated water in the trenches. In contrast, the ambient ground-
water plots in region B which appears to be buffered by iron reduction

2[(Fe(OH)3/Fe + pair], indicating the absence of metabolizable organic matter
in groundwater or that its residence time is relatively short.

' ' ' ' '
+ 0.9 - -

0 /H O2 2
_

+ 0. 6 - -

2- % BMnO2/Mn + _
- N _

N.
+ 0. 3 - N A As -

_

> N .s -*
c s B N

s
W - eV -

0.0- # N -

N 8 ee
- A 2/ Fe + -Fe(OH)3

N _-

N Fe2O /FeS23s 2- O. 3 - N SO / H S -

q 2
2O / Fe +-

Fe2
_

3

H 0/H+ --

2
' ' I ' I I-0.6
5 6 7 8 9 10

pH

Figure 4.3. Solid / solution boundaries showing the various redox buffers in a
groundwater syste% Dashed lines delineate regions A and B show-
ing the redox ranges for trench leachates (e ) and groundwater
( A), respectively (Adapted from Drever,1982).
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It has been reported that, in complex aqueous systems, the measured
redox potential often represents a mixed potential and does not respond to a
particularredoxcouple{JacksonandPatterson,1982,StummandMorgan,21981). Assuming the S0g -/H S and Fe2 3O /Fe + redox buffers to be controlling2
the redox levels of the trench leachates and knowing the sulphate, bisulphide,
and ferrous iron activities and the pH, we have obtained two sets of data, re-
presenting estimates of the redox potentials of trench leachates based on the
two redox buffers. Our calculations show that the calculated redox potentials
are consistently lower than the measured values for most trench leachates and
that the estimated values still lie in region A (Figure 4.3). The calculated
redox potentials appear to be more reflective of the redcx conditions in that
complete sulphate depletion and some generation of methane was observed in
some of the trenches.

In summary, consideration of redox processes and leachate Eh and pH
2 2Fe2 3/Fe + and S0g /H S pairs appear to be the dominantO 2data indicate that

buffers controlling the redox conditions of most trench leachates.

4.1.1.2. Microbially Mediated Changes in Solute Chemistry

The enrichment and depletion of leachate constituents, relative to
ambient groundwater, a a result of microbial degradation of organic wastes
are given in Table 4.1. Figure 4.4 shows that the redox potentials for most
leachates lie in the O to -100 mV range. Leachates 2(76), 26(76), and 30(79)
have redox potentials around +100 mV. However, relative to the groundwater
redox conditions (=+280 mV), all leachates exhibit redox potentials which are
significantly lower, indicating chemically reducing conditions.

Relative to ambient groundwater comcentration, all leachates are
significantly enriched in ammonium (Figure 4.5). As shown in Table 4.1, en-

richments of as high as 120-fold are observed in leachate 27(81). The minimum
enrichment (18x) ir observed in leachate 33L4(78). As discussed earlier, the
elevated levels of am.nonium in the leachates can be attributed to its contin- '

ual production and build up during the aerobic and anaerobic oxidation of
organic waste materials.

Following complete oxygen depletion, bacterial sulphate reduction is an
important procesa during anaerobic microbial degradation of organic matter.
Figure 4.6 shows that, except for leachate 37(76), all trench leachates are

2 relative to ambient groundwater. Leachatessignificantly depleted in S04

(=10-3), 27(81), 32(76), 33L4(81), and 35(81) exhibit the maximum depletion19s(81 2
). The least depletion of Sog is observed in leachate 7(81)

2
(Table 4.1). Anomalously high concentration of Sog - is observed in leachate
37(76) which could be waste-derived.
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Table 4.1. Enrichment and depletion of leachate
constituents due to blodegradation.

Enrichment / Depletion Factorsa

2Leachate Alkalinity S0g - NHg+b

(x 10 ) (x 10-3) (x 10 )0 1

2 (76) 3.4 5.2 e

7 (76) 2.4 5.0d e

7 (81) 2.5 0.06 7.5
18 (76) 4.5 8.6 c

19s (76) 2.1 5.0d c
198 (81) 2.3 1.0 4.5
23 (81) 5.3 0.3 10

26 (76) 2.9 5.0d e
27 (Av) 0.8 1.0 7.0
27 (81) 0.7 1.0d 12
30 (79) 14 0.4 5.0
32 (76) 5.9 1.0d e
33L4 (78) 3.5 2.0 1.8
33L4 (81) 4.6 7.0 2.6
33L8 (81) 2.4 7.0d 5.0
35 (81) 5.0 1.0 3.7
37 (76) 0.3 3809 e

aEnrichment/ Depletion Factor = C /Cw, where Cet
represents concentration of species in trench
leachate and Cw, the average well water concen-
tration as reported by Zehner (1983) for well UA3.

bSince Cy was not available for these species in
well water UA3, well water UBIA concentrations were
used instead for calculating enrichment factors.

cLeachate not analyzed for ammonium,
dDetection limits of species in leachate were used
to calculate enrichment and depletion factors.
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Figure 4.7. Alkalinity contents of trench leachates relative to ambient
groundwater (solid line).

In terms of the principal inorganic leachate constituents known to be-
modified .by microbial degradation of organic matter, Fissure 4.8 shows' that
relative to ambient groundwater (well water UA3), most trench leachates

. exhibit significant sulphate depletion, and elevated levels of ammonia and
-titration alkalinity (C032 + HC0 ().
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Figure 4.8 Ternary plot showing the nature and extent of modification of
infiltrated rainwater as a result of microbial degradation pro-
cesses. UA3 represents the composition of ambient groundwater.

4.1.1.3. Microbial Degradation of Organic Solutes

A microbiological study of the trench leachates, revealed that
(a) aerobic and anaerobic sulphate reducing, denitrifying, and methanogenic
bacteria are present in the leachates; (b) mixed cultures isolated from the
leachates are able to grow anaerobically in trench leachates; and (c) the or-
ganic compounds in the leachates are utilized by the bacteria as a carbon
source for growth.

Microbial degradation of the organic constituents of the waste under
anaerobic conditions can result in the production of gases such as CO , CH ,2 g
H , and several organic acids and alcohols. Laboratory work at BNL demon-2
strated that methane bacteria present in the leachates produced appreciable
amounts of tritiated and carbon-14 methane in the leachates. Several of the
low molecular weight organic acids are formed in the trenches due to brenkdown
of complex organic materials and can be further metabolized by uiero-
organisms. Among the hydrophilic organic compounds identified in the trench
leachates, some of the monocarboxylic and dicarboxylic acids are believed to
be common metabolic intermediates. Some of these acida could also be ini-
tially waste derived. The unoxygenated carboxylic acids could be a product of
microbial degradation of unoxygenated carboxylic acids and/or alkanes
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(Robertson, 1984). Recently, Kirby et al. (1984) reported that EDTA-like
species, ethylenediaminetriacetic acid (ED3A), which was identified in the
leachates and does not appear to be commercially available as a chelating
agent, may be a biodegradation product of N-hydroxyethylenediaminetriacetic
acid (REDTA) or ethylenediaminetetraacetic acid (EDTA).

Although microbial degradation of organic solutes in anaerobic environ-
ments proceeds slowly, j a is not clear which of the organic compounds found in
the leachates are furt'.er degraded and to what extent. For this purpose, A.
J. Francis (Weiss and Colombo, 1980) conducted laboratory experiments on
trench leachates 26 and 32. A mixed culture bacteria isolated from each of
the leachates was used to inoculate the respective filter-sterilized leach-
ates in serum bottles filled with N . Uninoculated, filter-sterilized control2
samples were incubated under identical conditions. Af ter 30 days of incuba-
tion at 28'C, the inoculated and the control samples were analyzed for the or-
ganic constituents by gas chromatography and mass spectrometry as described in
detail elsewhere (Weiss and Colombo, 1980).

The observed changes in concentrations of several organic constituents
due to microbial activity are shown in Ta5ies 4.2 and 4.3. Changes in concen-
trations of several acidic organic compou ds were observed in both the leech-
ate samples. However, little degradation of tributyl phosphate and
a-terpineol was observed. Several of the low molecular weight organic acids
are formed due to breakdown of complex organic materials and are further me-
tabolized by microorganisms; hence these compounds are in a dynamic state of
being both synthesized and destroyed.

' Table 4.2. Anaerobic degradation of organic compounds present
in trench leachate 26 by a mixed culture bacteria.

Initial Change in
Compound Concentration Concentration

(mg/L) (%)

2-Methylpropionic acid 3.5 + 31
2-Methylbutanoic acid 19 + 16
Valeric acid 4.6 -100
C6 acid (unidentified)a N.Q.b + 6

C6 acid (unidentified)a N.Q. + 4
Hexanoic acid 1.8 -100
2-Methylhexanoic acid 1.3 + 8
Cresol 1.8 + 11
C8 acid (unidentified)a N.Q. - 4

1Cg acid (unidentified)a N.Q. -

Benzoic acid 1.1 0
Phenylacetic acid 1.4 - 7
Pheny1 propionic acid 1.2 -100

6a-Terpineol 0.16 -

aPercent change in concentration was determined on the
basis of the ratio of the compound with the internal standard.

b .Q. = not quantified.N
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Table 4.3. Anaerobic degradation of organic compounds present
in trench leachate 32 by a mixed culture bacteria.

Initial Change in
Compound Concentration Concentration

(mg/L) (%)

22-Methylpropionic acid 5.9 -

2-Methylbutyric acid 21 - 52

3-Methylbutyric acid 9.9 0
Valeric acid 5.5 + 27
2-Methylpentanoic acida N.Q.b - 24

C6 acid (unidentified)a N.Q. - 27

Phenol 1.1 - 27

Hexanoic acid 5.1 - 45

2-Methylhexanoic acid 3.0 - 10

Cresol (isomers) 3.9 - 21

C8 acid (unidentified)a N.Q. - 13

Benzoic acid 1.9 - 26

Octanoic acid 1.9 - 21

Phenylacetic acid 3.8 - 50

Phenylpropionic acid 9.3 - 53

Phenylhexanoic acid N.Q. - 11

a-Terpineol 0.26 - 12

Tributyi phosphate 0.24 0

aPercent change in concentration was determined on the
basis of the ratio of the compound with the internal
**andard,.

b .Q. = not quantified.N

The findings suggest that several of the low molecular weight organic
acids can be formed due to breakdown of complex organic material. In addi-
tion, some of these compounds can be further metabolized by microorganisms,
indicating that both the sources and sinks for certain organic compounds are
time dependent and a function of the nature and intensity of microbial acti-
vity. Since some of these organic compounds are known to solubilize radio-
nuclides by complex formation and enhance radionuclide mobility, it it impor-
tant to know the dynamics of the system in terms of both synthesis and de-
struction of certain organic compounds in a given trench. This can have a
significant effect on the solubilization, mobility and transport of several
radionuclides.

58

- - - - - - - --



~

_i_...

-

''
-

4.1.2. Leaching of Buried Waste

Water accumulations in the trenches lead to prolonged leaching of buried
waste materials, resulting in the presence and build up of various waste de-
rived constituents in the leachates. The nature and extent of modification of
infiltrated water due to waste leaching is a function of the quantity and cha-
racteristics of the waste and the residence time of accumulated water. The
water accumulations in the trenches at Maxey Flats have a relatively long res-
idence time, which allows continuous leaching of waste materials for extended
time periods contributing to leachate formation. As a consequence, the re-
sulting leachates exhibit enrichments, to varying degrees, of waste-derived
inorganic, organic and radionuclide constituents associated with fuel and
non-fuel cycle low-level wastes ( Appendix A).

4.1.2.1. Enrichment of Waste-Derived Constituents

Inorganic Constituents
1

'

The important inorganic constituents that were found to be2

significantly enriched in most trench leachates relative to ambient ground-
2water are Na+, K+, Fe +, Mn, Cl and dissolved inorganic carbon. Table 4.4

shows the extent of enrichment of the various constituents relative to ambient
groundwater in each trench leachate. For example, all trench leachates except
33L8 show significant enrichment in Cl , with leachates 7(81), 27(Av), and
27(81) concentrations being more than an order of magnitude greater than that
of ambient groundwater (Figure 4.9). The chloride concentration in leachate
27 (Av) is elevated by a factor of =70.

Relative to ambient groundwater, several trench leachates are enriched
in sodium by factors varying from 1.6 for leachate 27( Av) to a high of 8.7 for
leachate 7(81). Leachates 7(76),19s(81), 26(76), 33L4 (78,81), however, ex-
hibit concentrations close to that of the groundwater (Figure 4.10). Both
leachates 19s(76) and 33L8(81) are depleted in Na+ by factors of 3 and 5,"

respectively.

Like Cl , potassium is enriched in all trench leachates, except
33L8(81) [ Table 4.4, Figure 4.11]. The small depletion observed in leachate'

37(76) is perhaps not significant. Like Na+, the maximum enrichment (14x) of
K+ relative to groundwater is observed in leachate 7(81). It should be noted
that chloride was also significantly enriched in leachate 7(81). Similar to
the observed depletion of Na+ and Cl in leachate 33L8(81), potassium exhibits

p a similar pattern.

As evident from the enrichment plots, both dissolved iron (Figure 4.12)
and manganese (Figure 4.13) show enrichments of varying degrees in most trench
leachates. The enrichment factors for dissolved iron vary from a low of two
for leachate 33L4(81) to a high of 12,000 for leachate 2/( Av). In contrast,

leachate 27(81) is only enriched by a factor of 1,600. As discussed later, a

major fraction of the total dissolved iron, believed to be a by product of
corrosion of steel drums commonly used for packaging wastes, is present as
Fe'+ ion. This is also consistent with the anoxic redox conditions of most
leachates. Leachates 23(81) and 33L4(81) show no significant enrichment or
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depletion of manganese, while 18(76) and 33L4(81) are depleted by fact. ors of
three and two, respectively.- Like dissolved iron, dissolved manganese shows
maximum enrichment in leachate 27(Av) [1,200x]. In. comparison, le.cchate
27(81) is| enriched by a factor of 17. ~ Although the oxidation strde of Mn was

.

- r.ot determined, one would expect, based on existing redox conditions in the
2trenches, most of the dissolved mangsnese to be present as Mc +. Furthermore,

2based on Figure 4.2, complete reduction of manganese oxider'to Mn + occurs be-
fore reduction of trog oxides can take place. Since most'of the dissolved2iron is present as' Fe +,' one can assume that tranganese is present as Hn + ,,
well. ,

Table 4.4. Enrichment of Icachate constituents due to waste leaching.
.

' aEprichment Factors

b b c cLeachate DOC ,d DIC ,d Na+ K+ mat d p*T ,d Cl-

E (x10 ) (x10 ). (x10 ) (x10 ) (x10 ) (x10 ) (x10 )2 0 0 0 0 2 0

2(76) 0.3 6.1 2.3 2.8 7.5 4.0 4.4
7(76)_ 0.2 4.7 0.8 5.8 5.0 -6.1 3.1,

7 (81 ) -. . 1.2 4.9 7.1 .14 19 1.6 36
18(76) 0.8 9.9 1.8 2.1 0.3 3.3 4.4
19s(76)- 1.0 1.8 0.3 1.0 7.6 15 2.1
19s(81) -0.7 17.0. 0.8 1.1 5.0 6.5 3.3
23(81) 1. 3 - 11.7 2.8 3.4 1.04 0.7 8.2
26(76) 1.5- 3.4 0.8 1.6 7.4 6.5 4.1
27(Av) 1.0 0.6 1.6 3.5 1200 120 68

- 27(81) 0.8 1.3 1.8 3.6 17 16 33
30(79) 0.4 .33.7 3.3 1.8 3.2 1. 0 - 0.05
32(76) 1.3 11.5- 2.3 8.8 12 1.6 .5.3

'
33L4(78) 1.7 0.2 0.6 1.2 0.58 0.03 2.4
33L4(81)- 2.4 0.02 0.6 4.2 1.08 0.02 5.2
33L8(81) 0.3 7.4 0.2 0.5 18 4.3 0.5

^-35(81) 0.9 8.8 2.0 2.1 3.0 0.09 3.4
37(76) 5.3 0.5 2.3 0.8 420 110 2.6

aEnrichment factor - C /Cv, where Ce represents concentration oft
leachste species and C,, the well water species concentration aa reported -
by Zehner (1983) for well UA3.

bDOC = dissnived organic carbon; DIC = dissolved inorganic carbon.
CMnT, FeT represent total dissolved manganese and iron, respectively.
d Since C, was not available for these species in well water UA3, well
water UBIA concentrations were used instead for calculating enrichment
factors.

' Detection limits of species in leachate were used to calculate enrichment
factors.
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Like the' other inorganic constituents discussed above, dissolved
inorganic carbon also shows considerable enrichment in most trench leachates
(Figure 4.14). Only leachate 33L4 shows depletion in dissolved inorganic

-carbon compared to ambient groundwater. -Among the leachates studied, leachate
~30(79) is observed to be the most enriched in dissolved inorganic carbon -

~ (100x).
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Figure 4.9. Chloride concentrations in trench leachates relative to ambient
groundwater (solid line).
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Figure 4.10. Sodium concentrations in trench Icachates relative to ambient
groundwater (solid line).
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Figure 4.13. Manganese concentrations in trench leachates relative to ambient
groundwater (solid line).
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- Figure 4.14. Dissolved inorganic carbon concentrations in trench leachates
relative to ambient groundwater (solid ifne).
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The enrichments of Na', K+, Cl , and other inorganic canstituents are
-

also reflected in the high specific conductance of the leachates, especially
F for leachates 7(81) and 27(Av) [ Figure 4.15]. Relatively low specific
E; conductance is observed for leachate 33L8(81) which is also depleted in
- several inorganic constituents, relative to groundwater.
_

__

In addicion to the principal waste-derived inorganic constituents
r: discussed above, there are several other constituents which are present ind
--

elerated conceatrations in many leachates samgled. Significant enrichments of1 ths following constituents are c,bserved: Ca and high pH in leachate
2 2 233L4(78,81), Mg + in leachate 30(78), Ba + and Sr + in 27(Av), 27(8 ), andm

33L4(78,81), Li+ in 18(76) and 19s(76), F in 7(81)'and 35(81), S0g{ in 7(81)b

{ sad 37(76), NO - in 23(81) and 27(81), and SiO3 2 in 30(79) and 37(76).
-
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Figure 4.15. Specific conductance of trench leachates relative to ambient
groundwater (solid line).
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Dissolved Radionuclides

The 1977 survey radionuclide data and the decay corrected average
radionuclide data based on multiple trench samplings during the period 1976-
1981 show that substantial amounts of H-3, Co-60, Sr-90, Cs-137, and Pu iso-
topes (Pu-238; Pu-239,240) are found in most trench leachates. In many leach-

ates, Cs-134 and Am-241 are also present. In addition, Na-22 and Mn-54 are
observed in several leachate samples.

Tritium is the most abundant of the radionuclides identified and is
invariably present in all trench leachates. Its presence and relatively high
concentrations can be attributed to the readily leachsble nature of H-3 pre-
sent in waste materials. Chemically bound as HTO, tritium is the most mobile
radionuclide among those identified in the trenches. Because tritium does not
participate in precipitation reactions and is not removed by sediment, it be-

~

haves conservatively and could serve as an inert tracer for evalusming the
nature and extent of waste leaching.

The types of radionuclides and their concentration levels observed in the
leachates reflect to a large extent the nature and extent of leaching as de-
termined by the reactivity and quantity of waste materials, the leach behavior
of the radionucl' des, the redox and chemical environment of the trenches. For
example, most leachates sampled from "L" series trenches invariaety exhibit

concentrations of Cs-137, Cs-134, Co-60, and Am-241 below their detection lim-
its. This could very well be a result of solidification of liquid wastes dis-
posed of in these trenches. In the case of trecch 33L18, the liquid wastes
were solidified with ureaformaldehyde (UF). Earlier work at Brookhaven Na-
tional Laboratory has shown that leaching of UF generates a considerable
amount of acidity. The pH of the leachates was observed to be around 2.0 pH
units. As a result of strongly acidic conditions in trenches 33L3 and 33L18
(Weiss and Colombo, 1980), leaching of waste materials is more intense thus
giving rise to high concentrations of waste-derived radtenuclide consti-
tuents. The high concentrations of dissolved organ c emutituents , especiallyi

the complexing agents, also tend to keep the radionuclides, such as the Fu
isotopes and Co-60, in solution and thus raise their concentrations as well as
make them more mobile.

Organic Constituents

As shown in Figure 4.lo, the concentrations of to+al dissolved organic
carbon in trench leachates are significantly elevated relative to ambient
groundwater. The degree of enrichment varies by a factor of 20 for leachate
2(76) to a high of 530 for leachate 37(76). Several leachates are enriched in
dissolved organic carbon by more then two orders of magnitude, compared to
local groundwater compoeition (Table 4.4).

'

Tables 4. 5 and 4.6 show the various hydrophobic ac ' hydrophilic organic

compounds identified in the trench leachates. The hydrophobic organic com-
pounds present consist of straight- and branched-chain aliphatic acids, aro-
matic acids, alcohols, aldehydes, ketones, amines, aromatic hydrocarbons,
ester, ethers, and phenols. Among the Fydrophilic organic compounds, the
classes of compounds consisted of chelating agents, carboxylic acids,
oxygenated acids, and phthalates.
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Figure 4.16. Toral dissolved organic carbon in trench leachates relative to
ambient' groundwater (solid line).

The types of most compounds identified reflect to a large extent the.
nature of the buried organic waste materials. Solvents or scintillation
fluids, such as p-dioxane, toluene, and xylene are present. Tributyl phosphate
is_ presumably-derived from the process of solvent extraction of natal ions
from solution of reactor products. Chelating agents such as EDTA, NTA, and
DTPA are commonly used as chemical decontamination agents in power plants.

.
Some'of these compounds such as tributyl phosphate, methyl isobutyl ketone,
phthalates, aniline, cyclohexylamine, and chelating agents have the potential'

~f to form radioauclide complexes and thus enhance radionuclide mobility.

Many of the water soluble organic compounds identified in th'2 trench'

leachates, especially the straight and branched chain organic acids, could be
metabolic produets formed as a result of anaerobic degradation of organic
wastes.
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aTable 4.5. Waste-derived hydrophobic organic compounds in trench leachates

- ' Compound Class - Specific' Compounds

Carboxylic acids Benzene acetic acid-
Benzene propanoic acid
Benzoic acid

,

C5 acids
C6 acids
C8 acids
2.5-Dimethylbenzene butanoic acid
2-Ethylhexanoic acid
Hexanoic acid
Isobutyric acid
Methylbenzoic acid
2-Methylbutanoic acid
'3-Methylbutanoic acid
2-Methylhexanoic acid
2-Methylpentanoic acid

^ 3-Methylpentanoic acid
2-Methylpropionic acid'

Nonanoic acid
Octanoic acid
Pentanoic acid
Phenylacetic acid
Phenylbutyric scid
Phenylhexanoic acid
Phenylpropionic acid

.
- Phthalic acid

Phthalic anhydride
Toluic scid

. Valeric acid

Esters Dibutylphthalate
'

-Diethylphthalate
.

_ Dioctyl adipate
Di-Isooctyl phthalate
Methyl methacrylate
Methyl ethyl tripropylene-glycol
Phthalate ester
Triethyl phosphate

' .Tributyl phosphate

Sulfonamides N-Butylbenzene sulfonamide !
- N-Methylbenzene sulfonamide

'C2-Tnluene sulfonamide
C3-Toluene sulfonamide

,
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Table 4.5.1 Waste-derived hydrophobic organic compounds in trench leachates a
1

-(continued). !

1
- Hyd rocarbons Alkanes (C20-C31)

Dimethyl naphthalene
Dodecane
Naphthalane
Toluene
Xylene (1somers)

. Tridecane
Undecane

Hydrocarbon halides Bromodichloromethane
Chloroethlybutene.

Dichloroiodomethane
Dichloromethylbutane

Alcohols Cyclohexanol
Diethylene glycol
Ethylene glycol
2-Phenylcyclohexanol
Polyethylene glycol'-
Polyethylene glycol oligomers
2-Ethyl-1-Hexanol
a-Terpineol

Phenols Cresol isomers
Phenol
4-T-Butylphenol
Vanillin
Vanillone,

' '

Ketones' and Aldehydes 2-Butanone
Camphor
Cyclohexanone
Dibutylketone
Fenchone
4-Hydroxybenzaldehyde
Methylbutenone
Methylisobutyl ketone

Anines Aniline
N,N-Bis (Phenlymethyl) amine
Dicyclohexyl amine
Cyclohexyl amine
Pyridine

*
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aTable; 4.5. Waste-derived hydrophobic organic compounds in trench leachates
(continued).

-->

Esters. Alkylphenoxy oligomers
BIS (2-Chloroethyoxy) ethane
BIS (2-Chloroethyoxy) methane
BIS (2-Chloroethyl) ether
BIS (2-Chloromethyl) ether
Tripropyleneglycol methyl. ethyl
BIS (1-Methoxyethyl) ether
BIS (2-Ethoxyethyl) ether
Diethylene glycol .diethyl ether"

Heterocyclics Barbital
Benzofuran
Benzothiazol
2 (3H)-Benzothiazolone

$~ '
,

Caffeine-
Caprolactam

. 1,3-Dihyd ro-2H-Indol-2-One
' ' P-Dioxane

Nicotine
.Pentabarbital
Piperidinone
Tetrahydrofuran

abased on leachate samplings and analyses conducted by both BNL and PNL.

4

4
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aTable 4.6. Waste-derived hydrophilic organic compounds in trench leachates

Compound Class Specific Compounds

Chelating agents Diethylenetriaminepentaacetate (DTPA)
Nitrilotriacetic acid (NTA)
Ethylenediaminetetraacetic acid (EDTA)
N-Hydroxyethylethylenediaminetriacetic acid
(HEDTA)
Ethylenediaminetriacetic acid (ED3A)b

Dicarboxylic acids Oxalic acid
Succinic acid
Methylsuccinic acid
Pentanedioic acid
Hexanedioic acid
Methylhexanedioic acid
Octanedioic acid
Nonanedioic acid

Monocarboxylic acids Dodecanoic acid
Hexadecanoic acid
Nonanoic acid
Hexadecanoic acid
Octadecanoic acid

Oxygenated acids Citric acid
4-Oxo-Pentanoic acid
Benzoic acid
2-Hydroxybenzoic acid
1,3-Benzenedicarboxylic acid
1,4-Benzenedicarboxylic acid
1,2,4-Benzenetricarboxylic acid

Phthalates Dibutyl phthalate
Dimethyl phthalate
Methylpropyl phthalate
Dioctyl phthalate

abased on leachate samplings conducted by BNL and analyses by PNL.
bKirby et al. (1984) reported that ED3A may be a degradation product of

HEDTA or EDTA.
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-4.1.2.2.; Effect on Solute Chemistry

The ternary plot,in Figure 4.17 summarizes the nature and extent of
madification'of infiltratedLwater as a result of leaching of buried waste ma-

'terials. ;The-end components in the ternary plot represent the principal-
suites of~-inorganic constituents which.are believed to be waste-derived, based,

"on' discussion in the. previous section'of-this report. ' Relative to the compo--
-sition~of groundwater represented by well water UA3, the compositions of most
trench leachates reflect enrichment in the constituents (Na + K + Cl + F +
NO ) and' depletion of (Ca + Ba + Sr).and Mg.~~ Only leachates 33L4(78,81) and3

133L8(81) are enriched ~in,(Ca + Sr '+ Ba), depleted in Mg and (Na +K + Cl + F +,

.NO ),-reflecting leaching'of'the cementitious matrix, which was used as a3
-binder'for.' solidification of the liquid wastes in these' trenches.. In con-
trast,' 30(79) and 37(76) are the only leachates which exhibit-substantial en--~

_

richment'of Mg and depletion of other waste-derived components with the over-
all~. composition approaching that of ambient groundwater. Therefore,-in terms*

: of, waste-derived inorganic constituents, leachates :30(79) and 37(76) aPrsar to
'be the least modified-relative to ambient groundwater. The maximum modifica-'

tion in the composition of infiltrated' rainwater as a result of waste leaching
is reflected in the compositions'of trench leachates 33L4(78,81) and 7(81).

~

't

90 10

80 20

70 ,30 %
: . 30(79) "f.

./ 60 40 *0 .'

*UA3
'

h'50 37(76)

50 "% ~19s (76).
40 60*

19s(81)= . -

30
18(76) f0

33L8(81)20 35(81). 2 80 80 -
7(76)* 32(76).

10 27(Av)* 2N 90. . <
Q

- 33h4%33Lj(81) 7(8l,'
( s

~

-90 80 -7O 60 50 40 30 20 10
~ Co + Sr + Bo

?
N'

Figure 4.17. Ternary plot showing the nature and extent of modification of
: infiltrated rainwater as a result of leaching of buried waste
materials. UA3 represents the composition of ambient
groundwater.
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4.1. L Saturation States and Precipitation Reactione .

-

(In addition to waste leaching and microbial degradation reaction controls !

on trench leechate compositions, the leachate solutes are also subject to chi- '

.

ogenic precipitation reactions, especially in relatively stagnant systems such =. [
as those at Maxey Flats where the products of waste leaching and mircobial de- -

,

degradation are continually generated and subsequentry accumulate. To eval-
~

uste equilibrium controls on leachate chemistry, WATEQF geochemical code y
(Plum:her, Jones, and Truesdall,1983) was used to calculate saturation states . [
of trench leachate solutes with respect to given mineral phases. 'a

In the solubility calculations, total titration alkalinity was assumed to
-

be equal to carbonate alkalinity. Only carbonate, sulphate, phosphate, fluor-
' g

:- -

lide, and sulphide mineral formations have been considered. Ideally, such
'

solubility calculations should be done in conjunction with direct analysis of
particulate matter in leachate or sediment for detailed chemical or minera- ,

logical composition, especially for the sulphide and carbonate phases. How- $
ever, in the prescat study, the main emphasis was placed on solute chemistry. i

fENo attempt was made to characterAze the solid phases.

In Table 4.7 we have presented the mineral solubility products and the [j
reactions used in tb WATEOF program code to calculate saturation states. - ?5 -

Figure 4.18 and Tabic 4.8 show the calculated saturation indices (log IAP/KT) {
for the cartronate, sulphate, phosphate, fluoride, and sulphide minerals -i

plotted for each trench leachate sample. The horizontal bars on either side - =

'

of the equilibrium line (log IAP/KT = 0) represent 5% tolerance limits on sat- -

}.
uration index values due to uncertainties in the values of mineral solubility

.

'

products. - -

-

: '' -

Table 4.7. Solubility products at 25'c and I ats for selected mineral phases. $.
|- i

Reaction Solubility Producta
(log Ksp) ,

2 2-CACO 3 (Calcite) ! Ca + + C03 -8.5 's f2 2CaMg(CO )2 (Dolomite) ! Ca + + gg + + 2CO 2-3 3 -16.9 -

2 2-FeCO3 (Siderite) ! Fe + + C03 -10.5 ' #
.

MnC03 (Rhodochrosite) ! Mt2+ + C0 2- ' '
3 -10.5

2! Ca + + 50,2- -4.8 -
CaS0g*2H O (Cypetss)2

! Ba + + S0.2- -10.12bas 0g (Barite)
2CaF2 (Fluorite) ! Ca + + 2F- -12.3 ^ ' t

2 3-Fe 3(P0g)2*H O (Vivianite) ! 3Fe + + 2POg -36.02

FeS2 (Pyrite) Fe #+ + 2S - -18.62 '

FeS (Amorphous) ! Fe + ,322 -16.9b _ ,,

2 2FeS (Mackinawite) ! Fe + , 3 - -17.5b - y

aThe Kap values are reported by Plummer et al. (1983).
bThe tr values for amorphous FeS and mackinavite are those reported bya
Aller (1983)."
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- Table 4.8. Rettoo of ion'ectivity products to steeral solublity coastante (les IAP/ET) fo'r haey Flate treach leechstes.e.b

Treach - Calcite . Dolomite Siderite Rhodochrootte Cypom ' 8erite ' Fluorite- Vivisaite Pyrite - Fo$ (Am) - Desekieavite ,

j 2(76) -0.33 0.004. 1.74 '-0.19 - -3.05 . -!.27 s 2.29 I
&

.. .

[2.06.7(76) ,'0.44 : 0.89
.

~-0.21_ '-2.46; -0.62- 3.39 i

7(81) - -0.51 1.49 '3.57 0.59 -0.83 ~1.75 2.J3 2.18 10.9 0.00 ' II.40 |
'

18(76) : -0.25 0.01 - 2.08 '. -1.22 -3.27 -1.71 2.80 '
i

.19e(76) . - -0.17 0.27 2.17 -0.27 -2.81 --0.98 3.66*

'0.42 1.49 -0.74 -3.62 -0.67 0.25 2.14 ' O.97 6.87 . 7.4719e(81) . -0.50 -
'

23(01) 0.09 1.69 1.81 -0.27 -2.97 0.56 ~-0.39- 1.81 1 -12 5 -10.2 0.41 -; N
#

26(76) -0.23' 'O.41 '2.03 -0.11- -3.08 -3.87 3.134

,

27(79) 0.75 . -l .26 - :1.40 - 0.48 -3.00 0.15 ~ -0. 42 ' '2.10' : 9.92 ' 9.04 9.64
,

27(81) -0.21 -0.005' l.51 . 0.49 - -3.34- 0.29 -0.69 3.44 ' .' -5.01 -<
''

3.26 ' 3. 86
. .

. ,

'30(79). -0.24 1.29 1.20' -0.67 -2.68 m 1.04 -4.46 -0.57. -25.7' -9.90 -9.30

32(76)' O.82 2.34 2.10 0.69 -2.86 '-1.05 2.43
,

. % .

. I
} 33L8(81). -0.34 -1.05 0.92 - -0.59 -2.00 0.16 0.79 0.09- -2 5.7 ~ -4.67 - .-4.07

; 35(81) 1.11 3.52 1.59 0.89 -4.18 -1.01 ; 1.79 0.43 -1. 38 . 4.51 5.11

f
. . ,

37(76) -2.59 -4.39 -0.02 -1.24 -0.01 -1.03 -1.38
? !

acalculations based on geochemical code WATEQF (Flamer et al.,1983). 'l*

| buo entry tedicates data not evallable.
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'c The calculations.show=that most leachates tend to show saturation with <

calcite, dolosite, and rhodochrosite, implying that the Ca +. M8 +, g,2+ and2 2 '

,

2 concentrations appear to be controlled by the' precipitation of these-C03 ;

mineral phases. Leachate 37(76), however, shows distinct undersaturation with
respect to!the three; carbonate phases.: This is consistent with.the observa-
' tion that' the lowest alkalinity observed among all the leachates was for

- .leachate 37(76).: 1The saturation with respect to the carbonate p1ases is
: caused byfthe high carbonate concentrations resulting from the generation of

21CO2 'during microbial degradation of organic matter. High Mn + concentrations
are presumably a result of the reduction of manganese oxide phases during
anaerobic degradation process (Aller,1983; . Dayal et al.,1983).''

As expecte'd,_most leachates exhibit undersaturation with respect to
-gypsum.' This is not surprising, considering that sulphate concentrations are
low due to the bacterial sulphats reduction process. In leachate 37(76), how-,

2;; ever,'the S0g concentration appears to be controlled by gypsum solubility.
It should be recalled that this is the only leachate sample that contains con-

~

siderably high concentrations of sulphate (8000 mg/L). In the case of iron '

equilibria,_all.leachates are generally distinctly. supersaturated with respect

c to : siderite, -pyrite, and iron monosulphides (amorphous FeS and mackinawite).
2' Calculated;supersaturations can be attributed to several factors: (a) Fe + g,

complexed by dissolved organic constituents; (b) the solubility products are
2incorrect; (c) other phases than carbonate formation _ are controlling Fe + con-

,

centrations. Considerationofotherironphasegindicatesthatinleachates
_

23(81),;30(79), 33L8(81), 35(81), and 37(76) Fe + concentrations may.be con-
' trolled by vivianite, a ferrous phosphate. However, other leachates show
gross supersaturation with respect to the phosphate phase. .It is quite con-

2ceivable that Fe + is complexed'with chelating agents such'as EDTA which has'

been reported to be-present in most trench leachates. The net effect of iron-
2complexation would be to suppress the Fe + activity and to'increcse its

so bbility.

.

. In stammary, solubilit'y calculations based on trench leachate compositions
indicate that-calcite, dolomite, and rhodochrosite mineral phases are likely

_

to form in'the trench environments and exert control on the concentrations of
Ca +, Mg +, ,q,2+, and C03

2 2 2. In case df iron equilibria, gross supersatura-
-tions are found with respect to siderite, mackinawite, amorphous FeS, and
pyrite. .Sese leachates exhibit saturation with respect to vivianice.,

4.2. Waste ' Migration From Trenches

4.2.1. Oxidation' Behavior of Anoxic Trench Leachates

Oxidat' ion experiments were. performed on several trench leachates to
f f obtain-some information on the behavior of enoxic trench leachates as they en-

-counter a relatively less reducing environment along the groundwater flow
. paths. his information is important considering that the sorption character-
istics and solubilities of several radionuclides, especially the actinides,
are significantly .different in oxidizing and reducing conditions. Further-

_
more, the development of a geochemical discontinuity, represented by ferric
ayhydroxide precipitation,' following oxidation of iron-rich anoxic leachates,

ican'have.a profound effect on the migration of radionuclides.

.
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; Briefly, the oxidation experiments conducted at BNL involved the
_

~following. laboratory procedures: an aliquot of each sample'was anaerobically.

! Stransferredninto an oxidation chamber in an argon. filled glove box and spikedt

: J with,.Sr-85, Cs-137, and Co-60._ The ' pH," Eh, and alkalinity were determined in-
.

, mediately upon' transfer by. standard ~ analytical methods (Franson, 1981). Fur .*

ther,,an aliquot;of1 the initial, sample was acidified with hcl and analyzed for-
; initial: concentrations' of ferrous iron,' total; iron,' Cs-137, Sr-85,' and ~ Co-6G.

. The oxidation chamber was' removed from the glove box and the spiked trench'-

'
water was. exposed.to' air.for approximately two, weeks. . Following complete air

| oxidation,' the pH, Eh, 'and alkalinity were determined. The sample was fil-r

.tered, acidified, and analyzed for Cs-137, co-60, St-85, ferrous . iron,' and .
.

.

' total iron. 3 Details of the procedures used to analyze dissolved metals and i
,

i

. gamma emitting. radionuclides _ in the oxidation experiments are given elsewhere
- (Daya1Let al., 1984).

.The chcnges-observed in pH, Eh, alkalinity, and radionuclide concentra-
/ tions, upon. air' oxidation of radionuclide-spiked trench leachates, are pre . -

sented in Table 4.9. The changes in the concentrations of Fe + and total dis-2

solved iron' are given in Table .4.10. _ Also listed in Table 4.10 are the acid
- generating potentials of the leachates, based on the ferrous to ferric

;;
_ oxidation reaction.. -

' 'g , The results in Table 4.10 indicate that all-trench waters, following-
oxidation,! exhibit removal of most of the iron from solution,- as a result of--

: ferric'oxyhydroxide| precipitation. A reddish-brown precipitate;was observed
for all leachates, except.leachate 33L4. As shown in Tab'e 4.10, the initial

'

dissolved iron' concentrations |in~leachates 33L4 (78,81) are extremely low for
a ferric _oxyhydroxide precipitate 'to be . observed following oxidation.

f 4.2.1.1. .-Ferric Oxyhydroxide Precipitation and Leachate. Acidity
.

~

. . For the majority of trench waters,' oxidation resulted in an increase in
. pH. . ' A slight decrease i.. pH _ was observed for t_he trench leachate 33L4.- This

p . leachate is atypical of. most Maxey Flats: trenches, however, in that the dis-
'

' posed waste wasLin liquid form and . subsequently solidified in a cement mat-
rix. ~ Another notable exc'eption, leachate 27 having a high Fe + concentration2

- - and a low alkalinity,.was discussed in'a previous report (Pietrzak et-al.,,

' 1983). . ' Air' oxidation'of this leschate sample resulted in a drastic drop in
. pH. The_pH changes can be attributed to' a combination of'three processes
occurring simultaneously during oxidationi (a) loss of CO2 as a result of ex-
posure of the leachate to the-lower partial pressure of CO: 2 in air; (b) gene-

p _ ration of acidity during oxidation .of ferrous to .ferrie iron; and _(c) neutral-;^ , - ization of resulting acidity by trench water alkalinity. |As discussed ear-
~~

' lier,; during the development of an' anoxic water regime, bacterial degradation
,

. processes liberate carbon dioxide which. raises the P f the anoxicCO2, water. Upon exposure to air,'the'pH of naturally occurring anoxic waters nor-
P .mallyfrises, as-a resultfof.CO2 loss and subsequent readjustment of the

chemical system (Czyscinski and Weiss, 1981). ,
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Observed changes in'pH. Eh, alkalinity, and radionuclide concentrations upon airTable 4.9.
~

_ - oxidation of trench leachates.

Radionuclide in Solution
- teachate pHa 'Eh (mV)a Alkalinity (aeq/L)a Af ter Oxidation (%)

' initial oxidized initial Oxidized- Initial oxidized Sr-85 Co-137 Co-60

7(81) 7.5 . - 8.1 . -43 +402 25 19 86 104 97
19s(18)' '~6.9 8.5 +25 +397 18 - 17 ' b b b
19s(79)- 7.1 8.2 -58 +399 21 18 86 101 98
19s(81)- 6.7 7.7 -26 +411 22 19 92 100 92
23(81) ' 7.7 8.7 -95 +394 51 - 47 - 97 104 93
26(79) 6.5 ' 8.3 -52 +413' 19 19 92 94 90
57(78). 6.6 3.0 +17 +557 -7 -b 'b- b b
27(79) 6.6 3.0 +140 '+300 6 -b' b b b:,

, -27(81) 6.8 4.8 ,-43 +421 6 (0.5 99 100 95
~30(79) 7.9 8.4 ' -37 +398 135 99 99 98 99
32(79) .. 7.9 . 9.0 - -56 358 340 42 b b b
33L4(78) 12. t ' 11.6 - -7 194 32 21 b

_104 99
b b

33L4(81) 11.3'- 10.8 +150 +246- 34' 23 88 '
-' 33L8(81) 6.2 ' 8. 2 +79 '+379 47 47 33 '101 37
35(81) 8.2 8.4 -83 +399 47 47 ~a4 101 92

aThe initial measurements were made in the glove box immediately following sample transfer.
< bNot determined.

. Table 4.10. Changes in ferrous iron and total dissolved iron .
concentrations upon air oxidation of trench leachates.

- Dissolved Iron Concentration (ag/L) Acid Generatings .

Initial Outdized .Fotential (H+1

14achate. Fe + . y, y, 2+ _ y, -(,,qft)2

7(81) 15 15 <! ' O.4 _0.54

i 19s(78) b 115 b :b 4.1d

- t9s(79)e 53 49 <4 0.8 1.9

19s(81)C- 68 71 ~ <4 8- 2.4

23(81)C 6 3- <1 0.3 0.20
26(79)- 90 100 <4 1.1 3.2

.27(78) b 115G b b 41d
27(79) 1360- 1400. b b 49

+ ' 27(81) 92 151 2 2 3.3

'30(79)c 3 1.5 2 0.8 -0.10

32(79) b ' 0.4 b b 0.01d-

33L4(78) b 0.3 . b b 0.01d
33L4(81) <1 1.1 <1 .0.2 <0.04
33L8(81). 23 45 <1 0.5 0.82
35(81) 2 l.5 <1 0.2 0.08

'
- aAcid generating potential calculated based on oxidation of dissolved

ferrous iron according to Eqs. (4.1T and '(4.2).
b ot determined.N

cThe differences in the ferrous iron'and total iron concentration are
not significant, considering the analytical precision of the two
methods.
d ssioning FeT exist as Fe+2 in solution.A

~
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'The principal'aechanism which would decrease the pH is the oxidation'of
~

<

dissolved ferrous iron..-Ferrous to ferric iroa oxidation may be represented
as:

2 - 3:Fe + + 1/4-02 +' H+ $ Fe + + 1/2 H O -(4.1). 2

3
Fe + + 3H O ! Fe(OH)'3' + 3H+ ' (4.2)2

Each equivalent of ferrous: iron that is oxidized and precipitated as ferric
, hydroxide produces two equivalents of hydrogen ion.- Since all the dissolved'

Tiron is in the ferrous state.in most trench.leachates being studied and is

available' for ' oxidation, calculations show the agid generating potential in.meq/L'of .H+ vhich could be generated frosa :the Fe + oxidation reaction'

(Table' 4.10). .'However, the resulting acidity can be neutralized by .the trench i

, ater alkalinity. , The neq/L of. the buffering capacity of e'ach trench leachatew.

available from the titration alkalinity is givec in Table 4.9. The alkalinity
' data indicate that all leachates are relatively well-buffered, except leachate

-- 27 which has a. low alkalinity.- *

The changes.in pH of trench water resulting from oxidation are inter-
S :preted in terms of these competing reactions. For leachates with high ferrous

~

t iiron and' alkalinity such as leachates 19s(78,79,81)'and 26(79), the available
. buffering capacity is well in excess of that required to neutralize the acid-

^

, '
.ity/ created;during iron oxidation. The exception is leachate.27, where the ,

acidity generated as'a result of the' oxidation of'high concentrations of fer-
,

rous iron in solution is well in excess of the buffering capacity. Conse-
quently, as discussed in'an' earlier report-(Pietrzak et al., 1983), a sharp

.

''
_- . drop in,pH is. observed upon oxidation of leachate 27 which, in turn,' inhibits

_

complete oxidation of ferrous iron ~to ferric hydroxide. .For leachates con-'

2;taining relatively low concentrations of Fe + iron such as trenches 23(81),
7(81), 30(79), 32(79) and 35(81) but with high alkalinity, exposure to air re-
sults in a release of excess PCO ,- developed during bacterial degradation,-,

2
and a subsequent rise in pH. Similar behavior has been reported in naturally,

. occurring anoxic waters.

4.2.1.2. Balance Between Acidity and Alkalinity
f

The balance between acidity and alkalinity can be visualized'in terms of-
a: simple ~ model- as shown in Figure '4.19. Infiltrated rainwater interacts with-

N, buried waste materials and' acquires a certain alkalinity, primarily from the
CO2-generated.during microbial degradation of organic wastes. ' The amount of
alkalinity acquired is a function of the characteristics, quantity, and re-
activity of organic materials'and the residence time of infiltrated water.
Concurrently there is a build up of sulphide,-as a result of sulphate reduc-,

2: tion, and Fe +, derived from the leaching of waste materials and/or from cor-
- rosion of steel containers. As the anoxic leachate migrates along groundwater

2. flow paths,-oxidation of Fe + occurs, generating acidity which is neutralized'

.by the alkalinity of the leachate. For the oxidation reaction to occur, it is
,

assumed that there is sufficient 02 present in the d If the anoxic !
' ~

.leachate has a low buffering capacity and high Fe +groun water.
_

2
.

concentration such as in

78'
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leachate 27, where the acidity generated following oxidation is much greater
than the initial alkalinity of the leachate, all the alkalinity will be con-
sumed and an acid leachate will result. However, most Maxey Flats.leachates
are relatively well-buffered and, as a result, the acidity generated from oxi-

2dation of Fe + is.not appreciable to neutralize the initial alkalinity and
thus give rise to acid leachates along groundwater flow paths.

RAIN
-

l
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CAP

N:'|$h: hihij eg gg n yyg
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- :-- :- 19 fin -'EE5$5$5$iji_-:s:EE ? :_ - _ - _ _
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i IF Ac > Ak = ACID LEACHATE

..

Figure 4.19. Generation of acid leachate visualized in terms of the balance
| between acidity (Ac) and alkalinity (A ).k
1

.4.2.1.3. Leachate oxidation and Saturation States

Although we.have some idea of the mineral phases controlling the anoxic
leachate chemistry, it is important to determine what mineral phases control
the principal solute chemistry of the oxidized leachates, considering the fact
that significant changes were observed in redox potential, pH, dissolved iron
concentration, and alkalinity. All these changes reflect geochemical discon-
tinuities in natural systems where iron-rich anoxic waters encounter an

!

oxidizing environment.
!
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Using the principal solute species of the anoxic and oxidized leachates,
the ratios of ion activity products to mineral solubility constants (log IAP/
KT) were calculated for calcite, dolomite, siderite, vivianite, and amorphous
ferric hydroxide (Table 4.11). Figure 4.20 shows a plot of calculated satura-
tion indices versus the principal mineral phases for the various anoxic and
oxidized leachate samples.

Figure 4.20 indicates that, with respect to calcite and dolomite, most
anoxic and oxidized leachates exhibit saturation to supersaturation. However,
leachates 27(78, 79, 81), upon oxidation, show gross undersaturation relative
to both calcite and dolomite. Only in leachate 27 was significant acidity

generated following oxidation due to the initially + low buffering capacity and2 2high iron concentration. Assuming the Ca + and Mg leachate concentrations
to be the same before and after oxidation, the plot in Figure 4.20 indicates

thatleachate27uponoxidationisgrossgyundersaturatedwithrespecttoboth
calcite and dolomite in terms of its CO3 -content.

With respect to the iron equilibria in terms of siderite and vivianite,
the anoxic leachates exhibit saturation to superaaturation with both iron min-
eral phases. Upon oxidation, however, all leachates are grossly under-
saturated with respect to siderite and vivianite because most of the dissolved
iron is transformed to Feb.

As expected, practically all anoxic leachates are in!tially under-
saturated with respect to amorphous ferric hydroxide. Fo> lowing oxidation,
however, all leachates, except 27, exhibit saturation to ;upersaturation.
This is also confirmed by the observation that a reddish-brown ferric
hydroxide precipitate formed upon air oxidation of most leachates. In the
case of leachate 27, however, the high acidity present in the oxidized leach-
ate tends to inhibit precipitation of Fe(OH)3

The solubility calculations indicate that, in addition to significant
changes observed in solute chemistry, certain carbonate and oxide mineral
phases may be expected to form and exert control on solute chemistry at geo-
chemical interfaces, representing zones where iron-rich, anoxic waters mix
with oxic groundwater. These authigenic minerals could also have an effect on
the gecchemical partitioning of radionuclides, even though ferric oxyhydroxide
does not appear to be an effective in situ radionuclide scavenger in the pre-
sence of organic complexing agents.

80



. Table 4.11 Ratios of ion activity products to mineral solubility constants
(log IAP/KT) for anoxic and oxidized trench leachates.a

Redox-
Trench'' -State pH. .Eh(mV) Calcite Dolomite Siderite Vivianite . Fe(OH)3

7(81) Anoxic- 7.4 -44 0.51 1.49 1.57 2.18 -0.77
0xidized 8.1 +402 1.11 2.70 -4.09 .-15.1 2.82

19s(78) Anoxic _6.9 25 -0.21 0.12 1.98 4.38 -0.10

0xidized 8.5 397 -0.34 -0.13 -6.52 -16.7 2.96

.19s(79) -Anoxic 6.9' 57. -0.22 0.23 1.80 3.32 0.36
0xidized 8.6 393 -0.27 0.16 -6.55 -17.8 2.98

-19s(81)_ Anoxic 6.5 -28 -0.50 -0.41 '1.49 2.14 -7.38

0xidized 7.7 +402 0.66 1.91 -2.02 -8.38 4.07

23(81)- Anoxic 7.5 -39 0.09 1.70 1.81 1.81 -0.58
0xidized 8.7 +394 1.14 3.82 -5.21 -20.4 2.38

27(78) -Anoxic 6.6- 17 -0.38 -0.50 2.16 6.86 -0.17
0xidized 3.0 557- 6.53 -12.8 -7.08 -14.7 -4.65

27(79). Anoxic 5.9 140 -0.75 -1.26 1.40 2.10 -0.10
0xidized 3.0 300 -6.18 -12.1 -7.19 -17.5 -9.16

,

27(81) . Anoxic- 6.8 +17 -0.21 0.01 1.51 3.44 -0.41
0xidized 3.7 +400 -5.87 -11.3 -4.56 -30.4 -3.43

32(79) Anoxic . 7.5 -56 0.35- 1.77 0.21 -2.40 -2.28
0xidized 9.0 368 0.07 2.20 -7.53 -22.2 -0.11

33L8(81) Anoxic 6.0. -135 -0.33 -1.05 0.92 0.08 -5.83
0xidized 8.2 +379 1.54 2.72 -3.95 -14.0 2.96

35(81) Anoxic 8.2 -14~ 1.11 3.52 1.59 0.43 1.07.
Oxidized 8.4 +399 1.28 3.87 -4.63 -18.5 2.42

CCalculations based on geochemical code WATEQ (Plummer et al., 1983).
bAmorphous phase.

!
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^4.2.2| Role'of. Organic Complexants in Waste Migration
7

Organic chelating agents such as EDTA, NTA, and DTPA are known to in--

. crease the solubility.of many metals due to the formation of stable metal com-
F plexes.' As-a result,' complex 4 tion significantly affects the sorption behavior

-as well as-the-mobility of radionuclides (Swanson, 1983). Complexing by EDTA
'isishown'to~be an important. mechanism for. increased mobility of some radio-

' N.. .nuclides.- Migration ofLCo-60, derived from waste disposal pits at Oak Ridge,
has been attributed to complexing with EDTA (Means et al., 1978).s

' . Since the trench leachates at Maxey Hats"are known to contain appreci-
Lable concentrations of organic complexing agents as well as chelating agents*

,
'(Tables 3.12 and 3.13)_and some of the radionuclides such as Co-60 and the Pu
Lisotopes are. believed to be present as mobile radionuclide complexes, several-e

_

experiments were conducted at BNL during the course of this study to provide. -

-some generic information on the role of organic complexing agents on geochem-
!' - ical_. cycling-of radionuclides present.in anoxic _ trench leachates as they mi-

-grate along groundwater flowpaths. Specifically,' experiments.were designed to
evaluate: (a) the etability of radionuclide complexes with EDTA and NTA under,

' 1 anoxic ; trench conditions; (b) the effect'of organic-complexing agents on ra-
dionuclide sorption and mobility; and (c) the effect of. chelating agents on'

-

_

~

radionuclide scavenging by. authigenic mineral precipitates such as ferric
oxyhydroxide.,

4.2.2.1 Stability of Radionuclide Complexes<

Laboratory experiments.were conducted to evaluate the stability of metal
;J ~ ! complexes in a strongly reducing sulphide-bearing environment. Briefly, the

.

experimental procedures, as_ described by Czyscinski and Kinsley (1982), were
;'' _

as follows: a simulant of. trench leachate 32 and some organic material were
,

- placed'in so environmental chamber along with disaggregated Nancy shale. The ,

sealed environmental chamber was equipped with pH and sulphide electrodes to
[

' monitor developae c and evolution of anoxic conditions-as a consequence ofb ~

bacterial degradation of the organic material.-.=The pH was kept at approxi-'-

mately 7 by| adding IN H SOg. For the majority of experiments, the system was2

|- allowed to reach the. lowest redox state possible, as indicated by the Eh and
|

- sulphide electrodes. At this point, the tagged stock solution of-trace metal
! - complex was injected through the: septum port to give the initial concentra-
| tions listed in Figure 4.21. The solution was sampled periodically and the
E filtered seple analyzed co determine the-relative amounts of metals in-

~

tsolution-at different' time periods.

I

.-
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Figure 4.21. ' Percent metal in solution vs time for Co and Zn chelete stabil--
icy' experiments. The Eh for the experiments are approximately
-200 mV, SHE.for;ZnDTPA, CoNTA, CoDTPA, and -250 mV, SHE.for

- .CoEDTA, except where indicated.. The pH was maintained at ap- t~

proximately 7. 'A' simulant of Maxey Flats trench leachate 32 and-

.

Nancy shale were used in the experiments.

,Five experiments were performed, four under'strongly reducing redox con--
qg ditions (approx. -200 mV and '-250 mV, SHE) and one under relatively more oxi-.

dizing conditions (approx. O mVf SHE).' Low redox conditions were considered
_

-for CoEDTA, NTA, and-DTPA' stability experiments, and the more oxidizing condi-,

- tion'for an additional CoEDTA experiment., ZnEDTA_ stability was also investi-
gated under the, most relucing conditions.

1

Figure-4.21 illustrates the. stability of.CoEDTA, CoDTPA, CoNTA, and- :

ZnEDTA complexes under strongly reducing conditions and that of CoEDTA under-
-oxidizing conditions. . : As reported by Czyscinski. and Kinsley (1982), cobalt

M :shows initially a rapid decrease in metal-ion concentration in solution fol-
-lowed by an asymptotic approach-to-steady state conditions. The observed de-
creases may simply.be due to' sorption of.the uncomplexed metal'onto the

: shale. -The decrease in cobalt concentration for the NTA system was greater
'than that.'for the EDTA system. This' may be-due to the fact that either NTA is
auch more. biodegradable or that the, extent of complex formation is not as auch
as-in the case of EDTA. Neither of-these experiments showed the precipitous

~ drop in-trace metal" concentration under strongly redue.ing conditions shown by
Zn and Cu in the' work of.Reddy and Patrick (1977).

.-After' apparent. steady state conditions were established in the chamber
-containing the CoEDTA complex, an aqueous solution of manganese chloride was.

i
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|

~ added, such that the' cobalt and nanganese were in equimolar. concentrations. j

This was done to test whether cobalt would be displaced by manganous ion and )
1subsequently removed from solution by shale.

:The results'shown hera in Figure 4.22 indicate that cobalt complexes with
EDTA and NTA persiet.in strongly reducing, anaerobic environments typical of
burial trenches, where anoxic conditions. develop. The shale is relatively
ineffective in removing cobalt from solution in the presence of EDTA, 4

-indicating that cobalt is complexed with EDTA and that the complex is stable |
under anaerobic conditions, even in the presence of manganous ion.

I I I I I i i i .I I I I I I I I I I I I I I i i i i i I |
.
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.
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Figure 4.22. ~ CoEDTA stability af ter addition of K1C12 under reducing

conditions. A simulant of Maxey Flats trench leachate 32 and
Nancy shale.were used in the experiments.

.4.2.2.2 Radionuclide Sorption and Mobility

A series of scoping experiments were . performed to ascertain the effect of
EDTA on radionuclide sorption. Other organic substances included in this
study,.which are known to acc as potential complexants, were a decontaminating
agent, oxalic acid, and solvents used as extractants, which had been identi-

. fled in trench waters. Maxey Flats uell water UBI-A, which is relatively free
cf the organic snbstances found in the disposal trench waters, was used in
these experiments. Another set of experiments was performed to determine the
effect of EDTA on retention of radionuclides by various commonly encountered
soil forming minerals. Clay minerals, particularly the expandable 2:1 layer
silicates, exhibit the.cbility to adsorb organic molecules in the interlayer
sites (Grim, 1968). Samples of the major classes of clay minerals were used
along with limonita,'a common iron bearing soil component. Distribution co-
efficients were measured in the absence and presence of EDTA. Details of the
laboratory procedures used in the two sets of experiments are given elsewhire

i

>(Czyscinski and Weiss, 1981).'
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" The results of the sorption experiments displayed in Figure'4.23, showing .
..

'%_ tthe effectiof varying EDTA concentrations on' sorption of-Cs-137, An-241,
,

-Co-60,'and~Sr-85 by.Maxey Flats shale,-indicate that both the presence of'EDIA
and:its concentration' level-affect the extent of sorption for. cost radio-

.

' !nuclides studied. :In;the case of Cs-137,.the sorpti_on coeff?cient remains un-
6 -affectediat 65 x 103'aL/g in the 0-100.mg/L EDTE concentration range, indi-,

;

-- |cating-that EDTA does not exert any control on the sorption of Cs-137. In

! contrast,1both An-241 and Co-60 exhibit'a drastic drop-in Kdvalugswithin-
"

y~
-creasing EDTA concentrations.-'The. sorption coefficient of 2 x 10 mL/g for
An-241inEDTA5frgesystemdropsby~approximatelythreeordersofmagnitudeto

, a value er 3 x 10 mL/g in 100 ppa EDTA-spiked system. Co-60 shows a similar
_Lsorption behavior with; increasing EDTA concentrations. Sr-85,0on the other

*

hind,! exhibits a decline from an initially low value of 4 x 10 mL/g in EDTA-
0

.

-

~freefsystem to.2 x 10 in EDTA-spiked system. It should be noted the the ex-
0.tremely low K. d value (1 x~10 .mL/g) for Co-60 measured in 100 ppa EDTA-,

e spiked system indicates that a' major part of cobalt is present as a non-sarp.

fM .tive EDTA' complex and that partitioning of the radionuclide between the solid ,

and the. liquid phases'is practically neglible.- :
'

'

- .. The'effect of'other complexing agents such as oxalic acid, tributylphos-, , ,

. Thate :(TBP). tetrahydrafuran .(THF) , and- MIBK [all these organic compounds
were'also found in the trench leachates] on the^ sorption of An-241, Co-60,

- -Cs-134, Cs-137, and Sr-85 by'Maxey Flats shale was also investigated. The
-sorption' data-shown in Figure:4.24 indicate that, like EDTA, all four com- -

~

2plexing agents investigated do not appear to-have any effect on the sorption
-behavior of the:ccsium isotopes,_Cs-134 and Cs-137. An-241, however, appears
ito be the most affected in:the presence of added organic compounds, with tri-

.
buty1 phosphate showing the maximum effect on the sorption coefficient of the

' presence of 100 ' ppa EDTA, however, the An-241 sorption coefficient decreased
6 3from 10 mL/g'(EDTA-free) to:3 x 10 -mL/g. This'value is still more than an

order of magnitude' greater than that observed in the - presence of TBP, indi-
cating the high complexing capacity of EDTA for An-241 compared to that ofs

: .TBP. -Co-60 sorption appears.to be' unaffected, except when oxa1ic acid is pre--
t.

t1sent which shows a slight decrease in K ed indicating limited formation of a
, .

Sr-85 shows a' slight decline in sorption coeffi-;
- Leobalt-oxalic acid complex.

+ _ ;cient when TBP, THF, and MIBK are present. This is comparable to that ob-
.

,

g, ' served for EDTA-spiked system.
p

? In summary,. cesium sorption remains unaffected in the presence of the or-
-

-ganic substances studied. ~ Compared to other radionuclides, An-241 sorption"~

wasiinfluenced by all the complexing' agents, with EDTA being the most effe'c-<

.tive. {In the case of cobalt. however,.only. EDTA exerted a strong effect on-

~its sorption behavior. Sr-85 exhibited a slight decline in the sorption co-- >

'

Lefficients in the presence of all~ organic substances, except oxalic acid.

M . Lower sorption coefficients. observed in the presence of complexing agents '

-can be attributed to formation of stable;radionuclide complexes. Americium'<
-

appears to form complexes with all the organic substances studied, however,
4" the extent of complexation is most pronounced in the case of EDTA. Similarly,'

' ' cobalt.also~ appears to form a strong complex with EDTA. The results further
~show that, even in the presence of EDTA, both cobalt and americium are removed

~

:from solution byishale,1 indicating that although their. potential for sorption
~

-is considerably reduced some sorption is still possible.
'

-

!
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Figure 4.23. Effect of varying EDTA concentrations on the sorption behavior
of ' Am-241, Co-60, Sr-85, and Cs-137. Maxey Flats well water
UBIA and Nancy shale 'were used in the experiments.

'Another study was performed to determine the effect of EDTA on retention-

of radionuclides by various commonly encountered soil forming minerals.
Samples of- the major clay minerals were used along with limonite, a common
iran-bearing soil component.. Radionuclide partitioning was measured with and
without the addition of EDTA to tie well water-mineral system.
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ligure 4.25 shows that the strontima, cobalt, and cesium sorption coef fi-
cients for shala and illite are similar. This is not surprising considering
that the Maxey Flats shale used in this study is primarily illitic. Further-
more, as discussed earlier, the presence of EDTA does not affect the sorption
behavior of cesium and strontium, but exerts a pronounced ef fect on cobalt.
In EDTA-free systems, both limoni.to and vermiculite exhibit comparable sorp-
tion capacities for most radionucl2 des. When EDTA is added, however, both co-
bal t and anericium sht v a signif;icant decrease in their sorption coef fi-
cients. In contrast, cesium an.d atrontium sorption appears to be unaf fected.
This observation is in agreement with our earlier hypothesis that alkali
metals show relatively little af finity towards the formation of corplexes with
EDTA while both americium o'd cobalt form strong complexes.

Kaolinite appears to be the least ef f ective ia removing radionuclides from
snie-ion. This is not surprising considering that, among the common clay
mine;11s , kaolinite has the lowest aorption capacity.

Montmorillonite is a notable exception in that both americium and cobalt ,
radionuclides which form strong complexes with EDTA, do not appear to be sig-
nificantly af fected in terms of their sorption behavior when EDTA is added to
the system. It is quite conceivable that because of the expandable character
of the montmorillonite type clays, the radionuclide-EDTA complexes are inco r-
porated in the interlayer sites of the claf structure. In fact, adsorption of
organic molecules , particularly polar molecules , by montmorillonite t y pe e x-
pandable 2:1 layer silicates is well known (Grim, 1968). Therefore, since the
expandable clays have the ability to remove radionuclide complexes f rom solu-
tion, our observations of substantial sorption of americium and cobalt by
montmorillonite in the presence of EDTA are not surprising.

4.2.2.3 Radionuclide Scavenging by Authigenic Ferric 0xyhydroxide

'

Laboratory experiments were conducted to determine the role of strong or-
ganic complexants such as EDTA on radionuclide scavenging by ferric oxyhydro-
xide, simulating a geochemical discontinuity where iron- end organic-rich
enoxic leachates encounter an oxidizing environment.

Based on the results of oxidation experiments conducted on several anoxic
trench leachates (Table 4.10), it is clear that almost all trench leachates
upon oxidation exhibit removal of dissolved iron from solution, as a result of
ferric oxyhydroxide precipitation. However, the radionuclide data in
Table 4.9 indicate tha t coprecipitation or scavenging of Co-60, Cs-137, and
Sr-85 by the resultant precipitate is minimal. Amond the radiocuclides
studied, Cs-137 is removed the least from solution, followed by Co-60 and
Sr-85. The maximum removal of S -85 and Co-60 is observed in leachate 33L8
with values approaching 67% and 63% of the initial amounts present. The lack
of substantial removal of dissolved radionuclides upon oxidation of trench
leachates, even in the presence of a ferric oxyhyd roxide precipitate , can be
attributed to complexation of radionuclides with chelating agents , considering
that relatively large concentrations of dissolved organic carbon are present.
As discussed earlier, some organic chelating agents such as NTA, DTPA, and
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Figure 4.25. .Effect of EDTA (dashed line) on partitioning of An-241, Co-60,
Cs-134, Cs-137, and Sr-85 by common soil. forming minerals, in-
cluding limonite. Solid line represents EDTA-free systems.
Sorption data for Nancy shale are also included. In these sorp-
tion experiments, conducted with Maxey. Flats well water UB1-A,
the initial EDTA concentration was 100 ppm EDTA.
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EDTA and several organic complexants have been reported in these trench-

!E waters. Table 3.13 shows that greater than 50% of the total hydrophilic or-
- ganic compounds present in leachate 33L8 consist of complexing agents. In an

earlier report (Pietrzak et al., 1983), we presented data on the oxidation be-
1 hevior of West Valley trench leachate 8 as a function of time, showing that,

even though ferric oxyhydroxide precipitation occurred upon air oxidation of
the anoxic leachate, coprecipitation of dissolved radionuclides was minimal.-

-- Cleveland and Rees (1981) made a similar observation for total dissolved Pu in
j' Maxey Flats trench leachates, where plutonium is reported to exist primarily
b as complexes of the tetravalent ion with strong organic ligands such as EDTA.

Only partial precipitation of dissolved plutonium by ferric oxyhydroxide was
!b reported. Work at PNL also shows generally good correlation between Pu and

Co-60 and EDTA, and between Sr-90 and Cs-137 and carboxylic acida in water
samples from experimental trench sections located in the vicinity of trench 27
(Kirby et al., 1984). Polzer et al. (1984) have also reported the occurrence
of Pu-EDTA complexes in trench leachate 19s. These studies indicate that com-

5 plexing by EDTA appears to be a potentially important mechanism that increases
mobility of Co-60 and the Pu isotopes.

In our oxidation experiment, we specifically chose EDTA to determine
whether strong organic complexants were indeed responsible for the observed
lack of removal of dissolved radionuclides by ferric oxyhydroxide in oxidized
trench leachates. For this purpose, Maxey Flats trench leachate 33L8, the

E only trench leachate which exhibited substantial removal of Co-60 and Sr-85
'- from solution upon oxidation, was selected. The leachate sample was spiked
L{ with varying amounts of disodium EDTA: O ppm, 0.14 ppm, 1.4 ppm, and 14.0
r ppm. The spiked leachate samples were exposed to air for a period of twoJ

ju weeks. Following complete oxidation, the samples were analyzed for Co-60,
_

Sr-85, and Cs-137 remaining in solution.

-
Thu results show that increasing amounts of Co-60 remain in solution upon

oxidation of leachate samples spiked with increasing amounts of EDTA, with the-

maximum Co-60 solubilization occurring at a disodium EDTA concentrations of =2
ppm (Figure 4.26). No significant decrease in the removal of Sr-85 and Cs-137

_

7 was observed with increasing amount of EDTA in solution. It is interesting to
note that, in our earlier experiments (Figure 4.25), limonite, which is chem-o

- ically and mineralogically similar to ferric oxyhydroxide, also exhibited lack
- of removal of Co-60 in the presence of EDTA. However, Sr-85 and the cesium
=_ isotopes, Cs-134 and Cs-137, remained unaffected. These findings confirm our

earlier hypothesis that, at least for Co-60, complexation of radionuclides
with complexing agents such as EDTA prevents their removal from solution by

! ferric oxyhydroxide. This olservation indicates that organic complexing
agents play an important role in the geochemical cycling of radicnuclides in

i Maxey Flats trench leachates. This is further substantiated by our findings
' .of decreased radionuclide sorption on Maxey Flats shale and some common soil
_

forming minerals, especially the sorption of cobalt and americium in thep
presence of EDTA and tributylphosphate.

_

_

.j-
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4.2.3. In Situ Ieachate Migration

. 4.2.3'.1. Expe rimenta1{ Trench Area

. An experimental facility was established on the . disposal site -to*
,

< investigate : in ' situ leachate migration by subsurface routes in the vicinity of
' burial trench 27. The experimental area consisted of an experimental trench
excavated paralle1 to trench 27 in 1979 for _ the purpose of' intercepting leach-
: ate -flowing from. the burial trench area. Subsequently,~ a- series of inert
atmosphere wells were . installed- in the same area to facilitate. sampling of
leachates without exposure to air (Figure 4.27).

. The results of. Inorganic and -radionuclide constituents in the water sam-
ples taken from trench 27 and experimental trench sections T2E, T3E, T4E, and '

'

. T5 by .BNLiin 1979 are given in Table 4.12. Analysis of the data indicates
- leachate migration,by subsurface routes in the vicinity of burial trench 27.
Initial . observations made at the site during excavation of the experimental
trench indicate that water flowed into three sections of the experimental

.' trench and that the radionuclide concentrations in these waters were similar
to that of trench leachate 27 (Kirby'et al.,1984).
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Table 4.12. Concentration of dissolved constituents in trench 27 and experimental
trench leachatesa-

Concentration (ag/L)

Constituents ~27 T2E T3W T4E T5

Anions
Alkalinity (as CACO ) 300 300 450 300 3203
Bromide 180 180 2200 2 4100Chloride . 6100 1200 160 140 84
Nitrate (as N) 0.75 0.51 0.39 <0.05 1.4
Phosphate <1 <1 <1 <1 <1
Silica 19 8 9 8 0.7Sulfate 2 530 980 1500 1300

Cations

Ammonia (as N) 60 20 9 5 (1
Baritse 17 G G G G
Calcium 740 380 450 610 610
Iron-total 1400 1.3 1. 3 0.5 0.2Iron-ferrous 1365 1.0 0.1 b b
Lithium 2.3 <0.5 <0.5 <0.5 <0.5
Magnesium 720 160 95 95 130
Manganese 190 3.5 2.7 1.1 0.2Potassium 100 35 26 17 32Sodiin 770 530 910 260 1200Strontium 7 8 7 6 8

Others
Dissolved Organic Carbon 500 120 15 29 14
Dissolved Inorganic carbon 74 70 120 50 90

aleachates sampled by BNL in October-November 1979 (Czyscinski and Weiss,1961).
Not determined.

Trench 27-Source of Contaminants

The radionuclide data given in Table 4.13 and displayed in Figure 4.28
show that (a) ele 'eted concentrations of H-3, Sr-90 and Pu-isotopes are pre-
sent in the exp u lmental trench sections and that Am-241, Cs-137, and Co-60
were not detected; (b) the concentration levels of both H-3 and Sr-90 in waste
trench 27 and experimental trench sections follow the sequence 27 > T2E > T3E
> T4E > T5; and (c) the Pu isotopes also exhibit a similar distribution pat-
tern in the trench waters, except that T3W shows a slightly higher
concentration than T2E.

Non-radioactive constituents such as K+, Cl , S10 , NHg+, and dissolved2
organic carbon displayed in Figure 4.29 also show similar distributions to
those of the radionuclides, except that Cl and K+ are relatively enriched in
T5 compared to T3W and T4E.

The distributions of free chelating agents suc'a as EDTA and DTPA show the
presence of both chelating agents in trench 27 (Figure 4.30). However, free
EDTA does not appear to be present in the experisental trench sections. Free
DTPA was found to be present above the detection limit in all experimental
trench sections, presumably derived from trench 27.

I
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a-, Table'4.13. Concentrations of radionuclides in trench 27 and experimental trench leachates

Concentration (pC1/L (12o1)]b -
-

Radionuclide- 27 . T2E T3W T4E T5 j

'R-3 - 5.tx10' (G ) 6.7x10' ( U ) 3.7x107 ( C ) '. 1.5x103 (1.1) 1.7x10" (3.1)
,

g,$ago (10) 1.9x10" (10) 2.3x102 (10) 1.8x10I (38) 3.5x10I (27)5-Sr-90c :

Pu-238C ' 2.6x10" (10) 6.8x10I (10) 1.6x102 (10) 2.2x10I (10) 4.9x100 (18)
'

~

I
Pu-239,24CC'. ' 2.4x103 (10) - 9.3x10-3 (20) 1.7x108 (34) ~ 5.9x10 I (50)' 2.5x10 3 (100)

1 3 1 I
As-24' - 4.7x103 (3.0) <1x10 <!:10 <lx10 <lx10 |

'

2 2 2 gg,go2Co-137 2.2x103 (3.2) (1x10 Ox10 <!a10

2. 2 2 2
.Co-60I 4.0x103 (2.6) <2x10 <2x10 <2x10 Ox10

; aLeachetes sampled by BNL in October-November 1979 (Caseynski and Weiss.1981).
bThe number in () represents 20% counting uncertainty.

,

cAnalysis performed by LFE laboratories, Richmond, California. i

Based on the' distributions of H-3, Sr-90 and Pu isotopes and several non-
radioactive. constituents such as.K+, Cl ,-NHgt, DOC, SiO , and DTPA in waters2

isampled.from waste trench 27 and experimental trench sections, one can con-
clude-that there is sufficient evidence of leachate migration by subsurface .

routes'and that the contaminants'in.the experimental trench sections are de-
: rived from . waste trench 27. The observation that distributions of most con-

~

-taminants in waste trench 27 and experimenta1' trench sections follow the se-
' .quence,27 > T2E > T3W > T4E > T5 in terms of.their concentration levels indi-

,

cates that the contaminant plume moves preferentially in a southerly direction
towards T2E and T3W, both representing the eastern section of the experimental
trench facility.

'In 1980, the inert atmosphere wells were installed and subsequently
: sampled.along with the experimental trench sections and waste trench 27.
Figures 4.31 and -4.32 show the distributions of H-3, Sr-90, Pu-total, and Cl-

T. .in waste trench'27, the-inert atmosphere wells, and the experimental trench
sections.- The inert well data are solely based on samplings conducted by

.PNL,1whereas the experimental trench data are based on both BNL and PNL-
investigations.--

The distribution profiles show that.for contaminants, such as H-3, Sr-90,
t' -Pu-total,'and Cl , leachate 27 exhibits the highest concentrations, indicating'

; . trench 27 to be the source. The comparably high concentrations of H-3, Sr-90, ,

Pu-total, and Cl 'in experimental trench sections T1 and T2, and ' inert wells
-W2NA 'and W3NA indicate excellent subsurface' communication in this area of the-

K
' 3 experimental ~ facility and with trench 27. The contaminant' profiles further

~ indicate relatively poor communication between trench 27 and the extreme west-'

ern (T5 and W5N) and eastern (WIN) sections of the experimental trench facil-
t ity. ' This. observation is . further supported by recent PNL data (Kirby et al. ,'

1984) indicating the' absence of waste-derived EDTA.from trench 27 in inert
atmosphere wells, WIN, W3N,~and W3NA and in experimental trench sections T4
.and T5.'
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Results of the organic analysis of trench leachates and experimental
trench waters conducted by BNL are given in Table 4.14 (Weiss et al., 1982).
The type of organic compounds present in the trench leachate and experimental
trench sections indicate that several of these compounds are associated with
buried wastes and that trench 27 is the probable source. Some of the organic
compounds identified in the experimental trench sections could be associated
with plastics used in the trench construction. In summary, the presence and
type of organic compounds identified in the experimental trench sections for-
ther indicate subsurface communication in this area, preferentially in the
direction of T2E and T3E from trench 27.

Experimental Trench--Source of Contaminants

NaBr was added as a groundwater tracer to experimental trench sections
T2E, T3W, and T5 (Nowatzki, Thompson, and Wachs, 1981) to study subsurface
water movement. Figure 4.33a shows the concentration levels of bromide in
waters collected from trench 27 and experimental trench section T2E, T3W, T4E,
and T5. Tae observed distribution profile indicates a substantial buildup of
Br concentration in trench 27, presumably derived from the experimental
trench sections. The observation that Br concentrations in trench 27 and ex-
perimental trench section T2E are comparable and, at the same time, signifi-
cantly lower than T3W and T5 indicates excellent subsurface communication be-
tween trench 27 and T2E and relatively poor communication between trench 27
and the other sections of the experimental trench, Furthermore, the extreme-
ly low Br concentration observed in T4E (no bromide tracer added) compared to
T3 and T5 indicates absence of subsurface communication betweer he experi-
mental trench sections T4 and T5, and T4 and T3. Figure 4.33b 'ws the build
up of Br in trench 27, derived from experimental trench sections, as a func-
tion of time. The plot indicates an increase in Br concentration of more than
400 ppm in a period of 2 years, after the experiment was first initiated.

Figure 4.34 shows the distribution of bromide in waste trench 27, the
,

in;rt atmosphere wells, and the experimental trench sections. The average ex-
perimental trench bromide concentrations are much higher than those observed
in the inert wells or trench 27, indicating the experimental trench to be the
source gf bromide. The low concentrationa of Br observed in inert wells WIN
and W2h relative to that of experimental trench section Tl indicates lack of
flow of water in the direction of W2N and WIN f rom T1. The fact that W2NA ex-
hibits a much higher concentration than that of W2N suggests that Br in W2NA
is derived from trench 27 and experimental trench sectinn T2 rather than from
well W2N and also indicates practically no communication between the wells W2N
and W2NA. Similarly, comparison of Br concentrations observed in T5 and WSN

'

indicates lack of leachate migration in the direction of W5N from T5.

. .
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Table 4.14. ;0rganic compounds identified in trench leacha'te 27 and
P experimental trench waters.a .

Organic Compound 27 T2E T3W T4E. . T51

Acidic Fraction:

2-Methylpropionic acid 0.24
2-Methylbutanoic' acid ~ -0.60

'

'3-Methylbutanoic acid 0.76
Valeric acid 0.28
Ethylene glycol .N.Q) N.Q.

1 Diethylene glycol
3-Methylpentanoic acid 0.45
C6 acide 0.16
Phenol 0.23 0.06
Hexanoic acid 0.64
2-Methylhexanoic acid 0.24
C8 acid 'N.Q. N.Q.
Cresol (isoners) .

0.56
2-Ethylhexanoic acid 9.7 0.44
C8 acidd 0.08
C8 acidd- 0.06
Bensoic acid 0.24
Octanoic acid' O.10
Phenylacetic acid 0.16
Nonanioc acid
Pheny1butyric acid.
Phenylpropionic aied 0.50
Polyethylene glycol N.Q.
Phenylhexanoic acid N.Q.
Toluic acid
Dioctyl adipate N.Q.
Di-isocctyi pthalate N.Q.

,

Neutral Fraction:

p-dioxane N.Q, N.Q.
'Methylisobutyl ketone 1.3'

Toluene
~ 0.56

Kyiene
Cyclohexanol
Dibutyl ketone
2-Ethyl 1-hexanol 0.17
-Diethylene glycol diethyl ether N.Q..s

Fenchone
~

N.Q.
. Triethyl phosphate 0.29'

Camphor N.Q.s
* Naphthalene 0.06-

Tributyl phosphate
Phthalate ester
2-butanone N.Q.
Tetrahydrofuran - N.Q. N.Q. N.Q.
Cyclohexanone N.Q. N.Q.

aAll concentrations are reported in ag/L; no entry indicates the compound
was not detected.

bNot quantified (N.Q.).
cQuantified using 3-Methylpentanoic acid standard,
dQuantified using 2-Ethylhexanoic acid standard.
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fTrench 27 and Experimental Trench--Sources of Contaminants

Distributions of other waste derived constituents such as dissolved in-
:

organic carbon, Sr +, Na+, Ca +, and alkalinity indicate both waste trench 272 2

and experimental trench sections to be cources of the contaminants. Apparent-
!

ly crushed limestone was used as backfill material in the experimental2 2 !
Considering that leaching of limestone will release Ca +, Sr +, dis-trench.

solved inorganic carbon and alkalinity, the observed profiles in Figure 4.30
can be attributed to the presence of sources for these contaminants in both
the waste trench 27 and the experimental trench sections. The distribution of

=

Na+ shown in Figure 4.35 can also be explained in a similar f ashion in that
Na+ was added in the form of NaBr tracer to the experimental trench sections.
Depletion of Na+ in T4E can be attributed to the fact that no NaBr was added
to this particular section of the experimental trench. Furthermore, the pro- :

files in Figure 4.35 show that, irrespective of where the contaminant source
is located, the inert wells W2NA and W3NA and experimental trench section T2
exhibit similar and significantly higher concentrations than those observed
for the other inert wells and experimental trench sections, indicating excel-
lent communication between waste trench 27, inert wells W2NA and W3NA, and ar-
perimental trench section T2 in both directions.

4.2.3.2. Other Observations of in situ Leachate Migration

At the second experimental facility on the disposal site (Figure 1.3),
-

LANL has been involved in studying in situ radionuclide migration in the vici-
= nity of a disposal trench. A series of porous cups were emplaced in the soil

near trench 19s to sample interstitial water on a seasonal basis at various
depths and at increasing distance from the trench boundary.

The results of the LANL study, as reported by Polzer et al. (1982), show
=

that H-3 was observed as far as =35 feet from the trench boundary. Migration
of leachate, derived from trench 19s, along a sandstonc layer as well as by
interstitial flow though the surrounding soil is believed to result in the ob-
served interstitial tritium distributions. The distributions of other radio-
nuclides in soil interstitial waters further indicate that relative to tri-
tium, Pu-238, Co-60, and Cs-137 are less mobile, with the extent of observed
migration following the order

H-3 > Co-60 = Pu-238 > Cs-137
Tritium, chemically bound as HTO, migrates unretarded along with inter-

stitial water in the soil or along the sandstone layer. Cs-137, on the other
hand, was not detected in any of the interstitial water samples, indicative of
its non-conservative, reactive nature which results in maximum attenuation and
lowest mobility. Pu-238 and Co-60 were observed in interstitial waters but
not beyond a distance of 7 feet from the trench boundary. Although both'

Pu-238 and Co-60 are krewn to exhibit non-conservative geochemical behavior,
it is believed, as discussed earlier in this report, that the presence of che-
lating agents such as EDTA in trench 19s (Table 3.13) can ferm radionuclideBoth thesecomplexes, giving rise to enhanced mobility of Pu-238 and Co-60.
radionuclides are known to form relatively stable complexes with EDTA, and the

> presence of Pu in trenches at Maxey Flats aa - Pu-EDTA complex has been re-
- ported (Cleveland and Rees, 1981; Kirby et al., 1984). More recently, Polzer

et al. (1984) have reported that greater than 95% of the dissolved plutonium
in some trench leachates is present as a mobile PuEDTA complex species.
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On-site' wells (UB series) were sampled by.BNL repeatedly, along with the
.c - trench leachates during the period 1976-1979. - Radionuclides and organic con-

taminants were observed in five wells UB1, UBIA, UB2, UB3, UB4 drilled by
-

USGS, indicating subsurface migration of leachate derived from neighboring
- trenches. Well water UBIA was found to contain the lowest radionuclide con-
centrations.> -Subsequently, well UB1 was grouted to prevent further migration-
.of trench .leachates (Weiss and Colombo,1980). However, well UBIA drilled
nearby was left open.,

The types and concentration levels of organic and radionuclide
contaminants observed in well water UB1 are given in Table 4.15. Subsequent
sampling of.well' water UB1A also showed the presence of organic compounds and

- radionuclides.--Most of the organic compounds present in the well waters are
waste-derived and are also observed in the trench leachates. These on-site
well observations suggest migration of leachate,' presumably derived from -
neighboring trenches located approximately 35 feet-away, by subsurface routes'.

'in' the general direction of the UB wells. .It is believed that transport is
. through the fractured lower sandstone marker bed which represents the base of
most trenches at the site.

In a separate study, Zehner (1983) reported subsurface migration of Co-60
and Mn-54 -along the lower sandstone marker bed as much as 270 feet from the
: nearest burial trench (trench 46).. The groundwater velocity is estimated to
'be 50 f t/yr in the ' horizonatal direction, based on the rate of travel of the
radionuclide front at one location.

.

\
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Table 4.15. Concentrations of organic
compounds and radionuclides
observed in well water
UBl.a

.

Constituents Concentration

Organic Compounds (mg/L)
2-Methylbutyric acid 0.84

b 0.732-Methylpentanoic acid
3-Methylpentanoic acid 0.16
Phenol 0.31
Hexanoic acid 1.1
2-Methylhexanoic acid 0.74
Cresol (isomer) 0.39
Cresol (isomer) 0.38
2-Ethylhexanoic acid 1.6
Benzoic acid 0.40
Octanoic acid 0.38
Phenylacetic acid 0.44
Toluic acid (isomer) 0.13
Toluic acid (isomer) 0.28
Phenylpropionic acid 3.8
Phenylhexanoic acid N.Q.c
p-Dioxane N.Q.
Toluene 2.7
Xylene 0.12
Naphthalene 0.09
a-Terpineol 0.16

Radionuclides (pCi/L)
8H-3 4.8x10
4Sr-90 7.1x10
3Co-60 4.7x10
1Pu-238 3.3x10

Pu-239,240 4.2x10-1

aSampling and analysis conducted by BNL
(Weiss and Colombo, 1980).

b Quantified using 3-Methylpentanoic
acid standard.
cNot quantified (N.Q.).
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5. RELEVANCE OF RESEARCH FINDINGS TO NRC NEEDS

BNL research on the Maxey Flats disposal site has provided some generic
insights into such geochemical processes and controls as the mechanics of
leachate formation, microbial degradation and development of anoxia, organic
complexation and radionuclide mobility, redox inversion and modification in
the source term, solubility constraints on solute chemistry, mineral authi-
genesis, corrosion products and radionuclide scavenging, and the role of
organic complexing agents in geochemical partitioning of radionuclides.

A knowledge of such processes and controls affecting the geochemical
cycling of radionuclides as well as an understanding of the important factors
that contribute to variability and uncertainties in the source ter, is essen-
tial for evaluating the performance of waste package and the site, making
valid predictions of release for dose calculations, and for planning site
performance monitoring as well as remedial actions.

Based on the observations made at Maxey Flats, it is clear that infil-
trated water should not be allowed to accumulate in the trenches, leading to a

" Bathtub Effect". Such accumulations of water for extended time periods re-
sult in prolonged leaching of waste materials, contributing to elevated con-
centrations of waste-derived constituents in the *.rench solutes. Furthermore,
because of the long residence time of infiltrated water in the trenches, mole-
cular oxygen is depleted rapidly by aerobic oxidation of organic matter, lead-
ing to the development of anoxia in the trenches. Without significant replen-
ishment of accumulated water, the microbial processes continue, leading to a
build up of decomposition products which result in strongly anoxic condi-
tions. The development of such redox conditions in the trenches affects the
geochemical partitioning of radionuclides, increases their migration poten-
tial, and also contributes to uncertainties in the source term, in that dras-
tic changes take place in solute chemistry upon oxidation. Therefore, future
shallow land burial sites should be located in well-drained systems where the
accumulated water has a short residence time.

Unsegregated, poorly packaged, and unstabilized wastes, which were buried
at Maxey Flats, are readily leachable and biodegradable, giving rise to the
development of large void spacet and subsequent trench cap subsidence, fol-
lowed by increased infiltration and accumulation of water in the trenches.
This in turn contributes to a greater potential for migration of radio-
nuclides. The presence of complexing agents in unsegregated wastes can also
contribute to enhanced nuclide mobility and affect radionuclide partitioning
at geochemical interfaces. Because of the extreme heterogeneity of the unseg-
regated wastes, both in character tnd composition, the leachate chemistry is
highly variable from one trench to another, or even within the same trench.

These problems associated with unsegregated, poorly packaged, and un-
stabilized wastes lead to the importance of the waste form in providing trench
stability, decreasing the rate and extent of leaching and microbial degrada-
tion of buried waste, and also reducing the uncertainties in the source term
in terms of solute chemistry. In fact, in the trenches where the liquid
wastes were solidified with cement (33L4 and 33L8), the solute chemistries
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2-were more predictable in terms of low radionuclide concentrations, high Ca +,
2--concentrations, high pH,' and low concentrations of dissolved2Sr +,:and CO3

organic carbon.

All these problems encountered at the Maxey Flats disposal site point to
the need for waste segregation, *mproved stabilization, and proper-packaging

.

.to ensure stability. Future s' :s will most likely be located in well-drained
systems, where the residence time of accumulated water is relatively short.

r
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<6. -SUMMARY AND CONCLUSIONSi

~
~

e A combination.of hydrological and geochemical factors determines to a.
11arge extent the formation and compositions of trench leachates.- At
ythe Maxey= Flats site, the: waste trenches are located;in non porous*

: shale-of low, hydraulic conductivity. This results in accumulations'of.
- rainwater that. infiltrate-through-the trench caps. Such accumulation

of-stagnant water and its eventual overflow, which has been termed the4

"Rathtub ,Effect", has been observed in the Maxey Flats trenches.

o= Because~ofJthe long residence, time of accumulated. water in the
;t . trenches, prolonged leaching.and microbial degradation of buried waste

. material. occurs' continuously and leads to leachate formation. As a
,

result of such interactions for: extended time periods,.the resultant.
g trench leachates acquire geochemical properties which are unique, com-

pared"to ambient groundwater.r -

foi Relative.to. ambient' groundwater, the Maxey Flats leachates exhibit
,

" -significant modifications in terms of inorganic, organic, and radio-
1 nuclide. solute constituents, attributable primarily to microbial de-
? gradation and leaching.of; buried waste materials.-

.

.e zThe, development of anoxia in trench leachates is largely' controlled by
1microbial degradation of organic matter present in the buried wastes.'

A large-fraction of wastes buried in the trenches consists of uncon-
'solidated organic materials.- Many-components of these materials 1are,

.

'

subject to both aerobic and anaerobic microbial degradation pro- .
cesses. . The anoxic redox conditions observed in the trench leachates
are characterized by. negative redox potentials, low dissolved oxygen'

; and sulphate concentrations, the presence of. dissolved sulphide, and~

.

: high contents of-alkalinity and.aamonia, reflecting the nature'and in-
tensity.of the microbial processes..'

.

!
'

e An evaluation of redox' equilibria and~ redox buffering in trench leach-
2 2O /Fe + and S0g /H S couples appear to be the-| ates indicates that Fe2 3 2

dominant buffers controlling the redox conditions in most trench,.
'

[ - leachates.

, o The' enrichments, to varying degrees, of inorganic, organic, and radio-

E
'

nuclide constituents associated with fuel cycle ~and non-fuel cycle

|' low-level wastes reflect'the nature of the leaching process itself and
of the waste materials.- Elevated concentrations of Na+, K+,[ ~

Fetotal, Mntotal, Cl , dissolved organic and inorganic carbon and
,

|( .

j - several organic compounds, as well as radionuclides such as H-3,
* 'Am-241, Co-60,' Cs-134, Cs-137, Sr-90, . Pu-238, and Pu-239,240 are a[

' consequence of waste leaching.-.Some of the waste-derived organic com-
pounds present-in the trenches such as chelating agents and several:

,

carboxylic acids.are strong complexing agents and have the potential
i to form stable radionuclide complexes and thus enhance nuclide
' mobility.
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In Maxey Flats trench leachates, representing relatively stagnant sys-e
tems, where the products of wasta leaching and microbial degradation
are continually generated and subsequently accumulate, the leachate
solutes are also subject to abiogenic precipitation reactione. The
WATEQF geochemical code used to calculate saturation states of trench
leachates with respect to several mineral phases indicate calcite,
dolomite, and rhodochrosite are likely to form and exert control on

2 2 2 ~. In the case ofthe concentrattuns of Ca +, gg +, Mn +, and CO3
iron equilibria, gross supersaturations are found with respect to
siderire, mackiaawite, amorphous FeS and pyrite. Some leachates, how-
ever, exhibit saturation with respect to vivianite, indicating that

2 3the Fe + and POg - concentrations are most likely controlled by this
mineral phase.

o Laboratory oxidation experiments, performed to obtain generic inf orma-
tion on the behavior af anoxic trench leachates as they encounter a
less reducing environment along groundwater flow paths, demonstrated
that, upon oxidatior, a series of chemical changes were initiated
which results in a 3rastically different solute chemistry. The exper-
iments further showed that, even though precipitation of ferric oxyhy-
droxide occurred in most cases, coprecipitation or scavenging of the
radionuclides was minimal. These observations indicate that some of
the radionuclides may have formed complexes with organic complexj ng
agents sufficiently stable to withstand scavenging by authigenic fer- '

ric oxyhydroxide, which represents a geochemical discontinuity where
iron-rich, anoxic waters encounter a more oxidizing environment.

Evaluation of the balance between the initial alkalinity of trenche
leachates and the acidity generated as a result of the ferrous iron
oxidation reaccion shows that the Maxey Flats leachates represent
well-buffered systems and that the acid generated is not appreciable
to affect the oalance between acidity and alkalinity. This is impor-
tant considering that an acid leachate would not only affect the in-
organic and radionuclide solute species but also have a significant
effect on letchate-sediment interactions.

Solubility calculations indicate that, in addition to significante
changes observed in solute chemistry upon oxidation, certain carbon-
ate and oxide mineral phases may form and exert control on solute
chemistry at geochemical interfaces, representing zones where iron-
rich, anoxic waters mix with oxic groundwater. These authigenic
minerals could also haie an effect on the geochemical partitioning
of radionuclides,

Radionuclide sorption experiments performed to evaluate the role ofe
organic complexing agents in waste migration show that cobalt forms
relatively strong complexes with EDTA and NTA and that these complexes
persist in strongly reducing, anaerobic environments typical of burial
trenches, where anoxic conditions develop. As a result of the forma-
tion of such stable complexes, Maxey Flats shale is not very effective
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in removing cobalt from solution. On che other hand, the sorption of
cesium and strontium remains unaffected in the presence of added com-
plexing agents, indicating little affinity for alkali metals towards

These observations, together with our findings ofcomplex formation.
a lack of removal of radionuclides from solution by authigenic ferric
oxyhydroxide in oxidized trench leachates containing complexing
agents, indicate the important role organic complexants play in the
geochemical partitioning and mobility of radionuclides.

In situ leachate migration experiments conducted in the vicinity ofe
two burial trenches demonstrated that migration of inorganic, organic,
and radionuclide constituents does indeed occur on the disposal site.
The experimental trench facility experiments showed that migration of
contaminants occurs by subsurface routes both out of and into trench
27. Experiments conducted in the vicinity of trench 19s also indicate
subsurface migration of radionuclides away from the trench boundary.
Because of its non-reactive nature, tritium was found to be the most
mobile, and cesium the least.

The types and concentrations levels of organic and radionuclide con-e
taminants observed in well waters UB1 and UB1-A also suggest on-site,
subsurface migration of leachates, derived from neighboring trenches,
in the general direction of the UB wells.

In most cases, the observed subsurface leachate migration is believede
to occur along the fractured lower sandstone marker bed, which repre-
sents the base of most trenches at the site.

.

Because Na+, Cl , and H-3 are enriched in the trench leachates, as a' e
result of waste leaching, and because they are known to be non-
reactive geochemically, they serve as excellent inert tracers for,

leachate migration, as evident from the observed concentration gra-
_ dients in the vicinity of trench 27.

The problems associated with unsegregated, poorly packaged, and un-e
stabilized wastes encountered at the Maxey Flats disposal site point
to the need for waste segregation, improved stabilization, and proper

Stabilized, packeged waste not only ensures trench stabil-packaging.
ity but also decreases the rate and extent of leaching and microbial

7
- degradation of buried waste. In addition, the uncertainties in the,.

source term are reduced.

.

..
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APPENDIX A

,

3 CHEMICAL CONSTITUENTS IN FUEL AND NON-FUEL CYCLE WASTES
(FROM CLANCY et al., 1983).
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Table A-1. Chemical characteristics of fuel and non-fuel cycle low-level waste constituents.

Descriptive Class Examples Fuel Cycle Non-Fuel Cycle

35
Agricultural compounds DDT, malathion, [ 1"C , 32 , S] Xp

X
Alcohols methanol, cyclohexanol, diacetone

XAldehydes and acetals paraldehyde, 1, 1,-diethoxyethane

XAliphatic halogenated 1,1,1-trichloroethane

hydrocarbons
X

Alkanes cyclohexane

X
Alkenes 2,3-dimethyl-2-hexene

Alkyl halides 1-isobutyl-4-ethyloctyl bromide

alanine, tryptohan [3 , I"C, 35 ) xH 3; Amino acids
O

I
Amino sugars

Ammonia and ammonium salts ammonia, ammonium sulfate X

Aromatic hydrocarbons benzene, toluene, p-xylene
anthracenes,
dibenzene anthracene [ "C] X

Asphalt natural or petroleum-derived X

Carboxylic acids citric acid, tartaric acid
oxalic acid, hydroxy-acetic acid X X

X X
Chelating agents EDTA

X X
DTPA
NTA
ng X X

Carbohydrates 2-deoxy-d-glucose, [3, I"C] XH

Drugs acetylsaligzcliC, 35 ]
## *#

r mycin D, [ S

1 ---- . .
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Table A-1. Chemical characteristics of fuel and' non-fuel cycle low-level waste constituents. (continued)
-

Fuel Cycle Non-Fuel Cycle
Descriptive Class Examples

Esters

X
Acetates ethyl acetate

Adipates dioctyl adipate, bis-2-ethyl-
Xhexyl adipate

Biocarbons natural or metabolic products of
Xorganisms

Borates sodium teraborate, metaborate
boric acid, borate polymers X

X
Heptonates stannous glucoheptonate

:

= Phosphates chromic phosphate, tributyl

;; phosphate, sodium phosphate stanggus
polyphosphate, orthophosphates, P X

--

Phthalates di-2-ethylhexyl, diethyl
dibutyl, dioctyl phthalates X X

Sulfates ammonium sulfates, calcium sulfate,
35

sodium sulfate, other sulfate salts, S X X

Ethers bis (2-chloroethyl) ether, tetrahydrofuran
X1,4-dioxane

palmitic acid, [leic acid, oxalic acid,
linoleic acid, oFatty acids

1, I"C] X

X
Ho rmones histimine dihydrochloride

Inorganic acids boricacid,phosghoricacid,sulfuric acid, [ 2 ] X XP

X
Ketones methyl isobutyl ketone, d-fenchona

.
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. Table A-1., Chemical characteristics'of fuel'an'd,non-fuel cycle low-level wa e constituents (continued).
'

*

' Descriptive Class- . Examples- Fuel; Cycle - ?Non-Fuel Cycle- 2
,

['

' Lipid-related' products tactylocholineghloride,1sphingo- ; ,

ayeline [3 , C] X, 'yy ,

H
; .

Miscellaneou's' inorganic calcium fluoride, chloride, copper, X -X,
'

~

-

diatomacecus earth,: fluoride, portlane
cement, Mg. 2n, sodium, hydroxide,
sodium iodide. ,

. , . ,

'; -

Nitrosamines- N,N-dimethylnitrosamine
~' X

A. X .
,,Nucleosides' -
*

-,
Nucleotides adenogine-3',5'-cyclicphosphate

[3, "C, 32 , DH p 1] X
~
w

Nocleotide sugars guanosine'diphospho-1-fucose, {I"C] X"

Organic acids acetic acid, benzoic acid,
iodoacetic acid, phenylhexanoic acid -X

XPeptides -

X' ;

Phenol and phenolic cresols, p-tert-butyl phenol
|

compounds

Prostaglandins Prostaglandin E2
XD][3H, C

X- ,

Proteins

Protein-labelling reagents = acetic anhydride, 1-fluoro-2,4-

i?'C " 2{' 3 ibb bih " *
X
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Chemical characteristics of fuel and non-fuel cycle low-level waste constituents..'(continued)

'

Table A-1.
~

' Descriptive Class Examples, Fue7. Cycle. Non-Fuel' Cycle

' adenine, guanine. sulfate [3H, -' I?Cl : .X
Purines

uracil [3 , I"C] _ XH .Pyrimidines |
;

Radionuclides .Ba-137m, 139,' 140 X
X -|

C-14
Cs-144 X _|

*|XCo-58, 60-
|
i Cs-134, 136, 137, 138 -X-

Cr-51- X
'XH-3 .

XI-125,131
I-129 -X .,

I-130,"132, 133, 134, 135' X !

XFe-55, 59

U La-140 X
" Mn-54- X

Mo-99 X _

XNa-22
X'P-32

XPu
XRb-88

Sr-89, 90, 91,.92 X
XS-35-
XTc-99

XTh
U-naturals ar ' daughters X

XY-90, 91
Zr-95 X

X
Resins ion-exchange, urea-

Xformaldehyde

X
Stertods aldosterone, estradiol,

X
progesterene

X
Vitamins. nicotinamide

_-

|
E- -
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Table A-2. Summary of chemical constituents in fuel cycle low-level wastes.

Organic Compounds Elemental ~ Species

asphalt (solidification agents) barium-137m, 139, 140
urea-formaldehyde resins bromine-84

(may contain alkali metal cerium-144
bisulfates) cesium-134, 136, 137, 138

carboxylic acids (decontaminating chloride (Cl)
'

- -chemicals) chromium-51
chelating agents' oxide or hydrated oxide

(NTA', ElyrA, DTPA, TTHA) cobalt-58,60
oxide or hydrated oxide

ion exchange resins - copper
'(sulfonated and aminated organic fluoride

polymers; modified plystrenes, F , metallic fluorides

copolymers of divinyl benzene iodine-129, 131, 132, 133, 134, 135
and styrene are typical substrates) iron-55, 59

phthalates oxide or hydrated oxide

(for filter testing) . lanthanum-140
vinyl ester styrene magnesium

manganese-54
- Inorganic Compounds oxide or hydrated oxide

molybdenum-99
ammonia ~ niobium-95
ammonits sulfate Pu

boric acid rubidium-103, 106
calcium fluoride strontium-89,- 90, 91, 92

calcium sulfate uranium
sodium tetraborate, metaborate natural U and daughters

portland cement
.

. Tellurium-132, 134
(with or without bentoi.ite or Th

vermiculite) Tritium

diatomaceous earth Yttrium-90, 91
zinc

' zirconium-95
oxide or hydrated oxide

a

i
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Table A-3. _. Summary of. identifiable cheetcals in non-fuel cycle mestes.

Scintillation Vials ' Other Liquids, Solid unste Biological unste -
.

- toluew, xylene, sodium 50Z is spent scintillation fluido. Other liquido cellulosics, PVC, animal carcasses,<

hydrox1Jeg (with esall are ogranic weste, alcohol. - bensene, ethyl acetate, plastics, rubber, cultures disinfected
Ramounts of methanol); and R1A Kits uhich may contain any of the following glass, metal filir.gs, with Clorox Beau .

aguasols PDF compoundet' - other trash. CoupR (a phenot
'

. .
solution), or

amonium sulfate, sodlun barbitsi, media aside, ' Wescadynk (todine
asmonim salt, sulfonic acids, colleide,.

.

. base); or contami-

stannous polyphosphate, stannous glucoheptonate, nated antaal
'amino sugars, amino acids, nucleosides, . wastes.

nucleotides, protein hydrolysates, pyruvic acid,>=

y '18mRC0 , anthracene compounds, phosphoric acid,3
todoacetic acid, Solton-Ihanter reagent. ;
tododeoxperidine, sodium it.dide, organic
phosphates,'orthophosphates, methionine,
tritisted thymodine, ethidium bromide

'(intercalating dye), paradimethyl amino.
bensalide (FDAB), ethylenediaminatetraecetic.
acid (EIFTA)~

additional possible. liquid unste could be solutions
,

of any of the labeled compounds found in Appendix A-1.
,
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- OFFSITE DISTRIBUTION LIST-

s

.
Department for Human Resources Office,of Nuclear Material Safety h. L

'

Commonwealth of Kentucky and Safeguards i f
;- 275 East Main Street US Nuclear Regulatory Commission ; -

f--

Frankfort, KY 40601 Mail Stop 623 SS

[ Washington, DC 20555
'

Atta: D. T. Clarke
_m%Attn: M. J. Bell T. Nicholson

._ R. E. Browning L. S. Person ,r
= Department for Natural Resources T. C. Johnson S. Romano 'I J

State of Kentucky S. Z. Jones R. J. Starmer /
4Fort Boone Plaza _.-

8 }[
8 Reilly Road m

Frankfort, KY 40601
- Office of Nuclear Regulatory Research - _ -

_

1 Attn: D. Mills U. S. Nuclear Regulatory Commission [ _|
Moll Stop 1130 SS ;-

-

Washington, DC 20555 -1
9L
%f:

Envirosphere/Abasco
- 2 World Trade Center Attn: G. F. Birchard K. Kim

New York, NY 10048 E. F. Conti M. McNeil a {
o

F. A. Costanzi E. O'Donnell
-

[
-?

Attn: O. J. Oztunali K. R. Goller
_ 4

-g
-

Hittman Nuclear Development Corp. Pacific Northwes'c Laboratory

: Route 2, Box 238A PO Box 999 .f
i4

Hillsboro, KY 41049 Richland, WA 99352
$'

Attn: J. E. Razor Attn: L. J. Kirby [
;

==R. W. Perkins
J. L. Swanson ,,

A. P. Toste ,}'

"! Les Alamos Scientific Laboratory ;

Environmental Fcience ;
- P. O. Box 1663 U. S. Department of Energy y
.

Los Alamos, NM 87545 Germantown g?

'.

Washington, DC 20545 -

'- Attn: W. L. Polzer .
r

Attn: E. Jordan @j
.

bhOak Ridge National Laboratory
PO Box X U. S. Department of Energy 3 [

8Oak Ridge, TN 37830 Technical Information Center -'

P. O. Box 62 n
- Atta: H. Godbee Oak Ridge, TN 37830

^ "

N. Cutshall
D. Large [
L. J. Mezga & A,

C. Olsent -

.
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OFFSITE DISTRIBUTION LIST (continued)

University of Arizona U. S. Geological Survey
Department of Nuclear Engineering Office of Radiohydrology -,

Tucson, lut- 85721. 410 National Center
~

Reston, VA 22092
Atta: R. G. Post

M.~E. Wachs . A't ta: J. Fisher
J. B. Robertson
H. Zehner

BROOKHAVEN NATIONAL LABORATORY

.T. M. Ahn H.J.C. Kouts
H.'Arora' S. C. Lane (2).

,

R. E. Barletta- C. Pescatore
J. Clinton; R. F. Pietrzak
-P.. Colombo- P. L.' Picitilo

M. Cordovi A. J. Romano
M.-S. Davis C. Sastre
R. E. Davis D. G. Schweitzer-

R. Dayal P. Soo
A,-J. Francis H. Todosow (2)' I

D. Curinsky ,J. Weeks
W. Y. Kato A. J. Weiss
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As part of the NRC efforts to develop'a'date base on source term characteristics for

low level wastes, Brookhaven National Laboratory (BNL) has produced and analyzed a large
amount of data on trench leachate chemis,try at' existing shallow land burial sites. In this
report, we present the results of our investigations at the Maxey Flats, Kentucky disposal
site. In particular, data on trench leachate chemistry are reviewed and discussed in terms
of mechanisms and processes controlling the composition of trench solutes. Particular em-
phasis is placed on identifying both intra- and extra-trench factors and processes contri-
buting to source term characteristics, modifications;_and uncertainties. The problems
associated with unsegregated, poorly packaged, and un' stabilized wastes encountered at the
Maxey Flats disposal site point to the need for waste 's,egregation, improved stabilization,
and proper packaging. Stabilized, packaged waste not only ensures trench stability but
also decreases the rate and extent of leaching and microh,ial degradation of buried waste.7
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