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ABSTRACT

The results of source term characterization studies for the commercially
operated low-level waste (LLW) disposal sites located in the eastern United
States provide an understanding of the importance of hydrological and geochem-
ical factors in controlling the mechanics of leachate formation, evolution of
leachate compositions, microbial degradation of organic waste and development
of anoxia in the trenches, and the nature and extent of leaching of waste
materials. The varying degrees of the intensity of these processes, as deter-
mined by the different site characteristics, are clearly reflected in the con-
trasting leachate geochemistries of Maxey Flats and West Valley trenches, as
compared to those of Barnwell and Sheffield trenches. These are important
geochemical considerations which not only define LLW source terms but also
shed light on the nature and extent of geochemical changes that are likely to
occur along a redox gradient outside of the trench environment.

Unsegregated, poorly packaged, and unstabilized wastes, which were buried
at the sites, are readily leachable and biodegradable. Especially at the
Maxey Flats and West Valley sites, where the infiltrated water accumulates in
the trenches leading to a bathtub effect, the relatively long residence time
of accumulated water results in continually intense leaching and microbial de-
gradation of waste materials for extended time periods. These leachates
exhibit strongly anoxic, reducing conditions, as reflected by negative redox
potentials, depletion of dissolved oxygen and sulphate, high alkalinity and
ammonia concentrations, as well as high concentrations of dissolved iron and

2 2manganese, present primarily as Fe + and Mn +. Although the Barnwell and
Shef field leachates exhibit a fair degree of anoxia, as reflected in depletion
of dissolved oxygen and some alkalinity and ammonia enrichments, no signifi-
cant sulphate depletion relative to ambient groundwaters is observed, indica-
ting that the anaerobic degradation processes are not as advanced as those
reflected by the leachate characteristics of Maxey Flats and West Valley
trenches. This is also evident from the relatively higher redox potentials
measured for the Barnwell and Sheffield leachates.

The enrichments, to varying degrees, of inorganic organic, and radionu-
clide constituents associated with fuel cycle and non-fuel cycle LLW reflect
not only the nature of the leaching process and reactivity and amount of waste
materials but also the differences in the site characteristics. Relative to
ambient groundwaters, the trench leachates are generally enriched in Na+, K+,
FeTs M"T, Cl , dissolved organic and inorganic carbon and several organic
compounds, as well as radionuclides such as H-3, Co-60, Cs-134, Cs-137, Sr-90,
Pu-238, Pu-239,-240, Am-241, attributable to leaching of waste materials. The l
Maxey Flats and West Valley leachates exhibit modifications which are gen-
erally cons'iderably more pronounced than those observed in the Barnwell and
Sheffield leachates. This is also reflected in generally higher values for l
specific conductance, ionic strength, and total dissolved solids in Maxey j
Flats and West Valley leachates. l

|

The observations made at the existing sites have important implications
for site selection and disposal of low-level radioactive wastes at future
shallow land burial sites in that waste package requirements will include
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waste segregation, improved stabilization, and proper packaging. In accor-
dance with current disposal procedures, stabilized and/or packaged waste not-
only ensures trench stability but also decreases the. rate and extent of,

leaching and microbial degradation of waste materials. In addition, the
Iuncertainties in the source term are considerably reduced. . Furthe rmore , to

avoid water accumulations in the trenches, future sites will most likely,be
located in relatively well-drained systems, such as that represented by the
Barnwell site, where the residence-of accumulated water in the trenches is.
relatively short. Many of the current waste package requirements and site
selection criteria outlined in 10CFR61 for the shallow land ' disposal of lote
level radioactive wastes are based on lessons learned from experiences at
existing shallow land burial sites.

.
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EXECUTIVE SUMMARY

As part of the U.S. Nuclear Regulatory Commission's (NRC's) efforts to
develop a data base on LLW source term characteristics, Brookhaven National
Laboratory (BNL) during the past several years has been involved in geochemi-
cal studies of 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 has
generated a considerable amount of data on source term characteristics and
geochemical controls on the compositions of trench leachates from existing
shallow land burial sites. Although the current disposal procedures are much
improved from those practiced in the past, it is 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.

The study has provided an understanding of the importance of hydrological
and geochemical factors in controlling the mechanics of leachate formation,
evolution of leachate compositions, microbial degradation of organic waste and
development of anoxia in the trenches, and the nature and extent of leaching
of waste materials. A knowledge of these processes and controls affecting the
source term geochemistry as well as an understanding of the important factors
that are likely to contribute to variability, modifications, and uncertainties
in the source term is essential for evaluating the performance of the waste
package and the site, making valid predictions of release for dose calcula-
tions, and for planning site performance monitoring as well as remedial
actions.

In this report, we present the results of our investigation involving geo-
chemical characterizations of trench leachates from the Maxey Flats, West Val-
ley, Barnwell, and Sheffield LLW disposal sites. Data on trench chemistry are
reviewed and discussed in terms of mechanisms and processes controlling the
compositions of trench solutes, emphasizing the contrasting leachate geochemi-
stries observed at Maxey Flats and West Valley and Barnwell and Sheffield
sites.

The Maxey Flats and West Valley trenches are excavated in non-porous shale
and glacial till of relatively low hydraulic conductivity which results in ac-
cumulation of rainwater that infiltrates through the trench caps. Because of
the relatively long residence time of accumulated water in the trenches at
these sites, prolonged leaching and microbial degradation of waste materials
occurs continually, leading to leachate formation. As a result of such inter-
actions for extended time periods, the resultant trench leachates acquire geo-
chemical properties which are unique and considerably modified compared to
ambient groundwaters.

The Barnwell and Sheffield trenches, on the other hand, represent gener-
ally well-drained systems, where the infiltrated water has a relatively short

! residence time and is continually not present in the trenches, thereby

|
i !
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resulting in leachate geochemistries which are not modified, compared to
ambient groundwaters, to such an extent as the Maxey Flats and West Valley
leachates are.

The development of anoxia observed in practJeally all the trenches at the
sites can be attributed to redox conditions in the trench leachates largely
controlled by microbial degradation of organic matter present in waste mate-
rials. As a result of aerobic degradation processes, the dissolved oxygen
present in the trenches is consumed rapidly. Following depletion of all
molecular oxygen and concurrent development of anoxia in the trenches, further
degradation of organic material occurs by anaerobic processes which involve
denitrification, followed successively by sulphate reduction and methane gen-
eration. During these degradation processes, there is a continual production
and buildup of decomposition products such as carbon dioxide and ammonia,
thereby resulting in elevated levels of alkalinity, total aqueous CO , and2
ammonia in trenches. Concurrently, dissolved oxygen, nitrate, and sulphate
are consumed, depleting the leachates in these constituents.

Given the relatively stagnant water accumulations in the trenches at Maxey
Flats and West Valley, the leachates exhibit strongly anoxic, chemically
reducing conditions, as reflected by negative redox potentials, depletion of
dissolved oxygen and sulphate, high alkalinity and ammonia concentrations, as
well as high concentrations of dissolved iron and manganese, present primarily

2 2as Fe + and Mn +,

Although the Barnwell and Shef field leachates exhibit a fair degree of
anoxia, as reflected in depletion of dissolved oxygen and some alkalinity and
ammonia enrichments, no significant sulphate depletion relative to ambient,

| groundwaters is observed, indicating that the anaerobic degradation processes
j are not as advanced as those reflected by the leachate characteristics of
| Maxey Flats and West Valley trenches. This is also evident from the rela-

tively higher redox potentials measured for the Barnwell and Sheffield
leachates.

The modifications in ambient groundwaters, as a result of waste leaching
processes, are also reflected in contrasting character of leachate geochem-
istries. The enrichments, to varying degrees, of inorganic, organic, and
radionuclide constituents associated with fuel cycle and non-fuel cycle LLW
reflect not only the nature of the leaching process and reactivity and amount
of waste materials but also the differences in the site characteristics.

Relative to ambient groundwaters, the trench leachates are generally
enriched in Na+, K+, FeT, MnT, Cl~, dissolved organic and inorganic carbon
and several organic compounds, as well as radionuclides such as H-3, Co-60,
Cs-134, Cs-137, Sr-90, Pu-238, Pu-239, Pu-240, Am-241, attributable to
leaching of waste materials. Because of the relatively long residence of
accamulated water in the trenches at Maxey Flats and West Valley leading to
continually prolonged leaching of waste materials and subsequent buildup of
dissolution products, the Maxey Flats and West Valley leachates exhibit
modifications which are generally considerably more pronounced than those
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observed in the Barnwell and Sheffield leachates. This is also reflected in
generally higher values for specific conductance, ionic strength, and total
dissolved solids in Maxey Flats and West Valley leachates.

The solubility calculations indicate that because of strongly reducing
conditions in the trenches at Maxey Flats and West Valley calcite, dolomite,
and rhodochrosite mineral phases are likely to exert control on the concentra-

tion s o f Ca + , Mg + , Mn + , and Cd~3 In case of iron equilibria, gross2 2 2

supersaturations are found in these leachates with respect to siderite,
mackinawite, amorphous FeS, and pyrite. In contrast, because of relatively
mildly reducing conditions and correspondingly lower alkalinities, the
Barnwell and Sheffield leachates exhibit undersaturation with respect to the
carbonate phases and supersaturation with respect to tne iron oxide minerals.
The calculations show the importance of contrasting leachate geochemistries,
especially redox potential and alkalinity, in carbonate and iron equilibria.

The acid-generating potential and buffering capacity of a leachate are
important geochemical controls that maintain a balance between acidity and
alkalinity which, in turn, determines to a large extent the reactivity, parti-
tioning, cycling, and mobility of radionuclides along a redox gradient. In

this respect, the Maxey Flats and West Valley leachates generally represent
well-buffered systems and exhibit high acid-generating potentials, whereas the
Barnwell and Sheffield leachates are characterized by relatively low buffering
capacities and acid-generating potentials.

The problems associated with disposal of unsegregated, poorly packaged,
and unstabilized wastes, especially at the Maxey Flats and West Valley sites,
have helped establish the consequences of past disposal practices and site
characteristics on waste package performance, the trench environment and
stability, source term characteristics and variability, leaching and microbial
degradation of waste materials, and radionuclide behavior and mobility.

The observations made at the existing sites have important implications
for site selection and disposal of low-level radioactive wastes at future
shallow land burial sites in that waste package requirements will include
waste segregation, improved stabilization, and proper packaging. In accor-
dance with current disposal procedures, stabilized, packaged waste not only
ensures trench stability but also decreases the rate and extent of leaching
and microbial degradation of waste materials. In addition, the uncertainties
in the source term are considerably reduced. Furthermore, to avoid water ac-
cumulations in the trenches, future sites will most likely be located in rela-

|

tively well-drained systems, such as that represented by the Barnwell site, l

where the residence of accumulated water in the trenches is relatively short.

Many of the current waste package requirements and site selection criteria
outlined in 10CFR61 for the shallow land disposal of low level radioactive |
wastes are based on lessons learned from experiences at existing shallow land '

burial sites.

1
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1. INTRODUCTION

Studies of existing LLW disposal sites provide an unique opportunity to
investigate the behavior and fate of radioactive waste nuclides in a natural
setting and to assess the suitability of similar sites for future disposal of
low-level radioactive wastes. In addition, such investigations provide valu-

i able information on LLW source terms under a range of hydrological and geo-

| chemical conditions, as well as on site behavior and waste package perfor-

| mance. The effects of the disposal of unsegregated, unstabilized, and poorly
packaged waste on the trench environment can also be estimated.

As part of the NRC's efforts to develop a data base on LLW source term
characteristics, BNL during the past several years has been involved in geo-
chemical studies of commercially operated shallow land burial sites located in |
the eastern United States (Barnwell, South Carolina; Maxey Flats, Kentucky; l
Sheffield, Illinois; and West Valley, New York). The BNL research effort has
generated a considerable amount of data on source term characteristics and
geochemical controls on trench leachates from existing shallow land burial
sites. Although the current disposal procedures are much improved from those
practiced in the past, it is 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. A knowledge of such factors, controls, and
processes, which characterize the trench leachate chemistry, is essential for
obtaining a reliable estimate of the source term, an important consideration
in evaluating the capability of future sites to conform with 10CFR61 of the
federal regulations code.

In this report, we present the results of our investigations involving
characterization of trench leachates from the Maxey Flats, West Valley, Barn-
well and Sheffield disposal sites. Data on trench leachate chemistry are
reviewed and discussed in terms nf mechanisms and processes controlling the
compositions of trench solutes, emphasizing the contrasting leachate geochem-
istries observed for Maxey Flats and West Valley and for Barnwell and
Sheffield sites. A preliminary evaluation of the contrasting nature of Maxey
Flats and Barnwell leachate compositions was presented in an earlier report
(Dayal et al., 1984a).

The results of laboratory experiments investigating extra-trench pro-
cesses affecting the geochemistry of trench leachates are not discussed here.
Specifically, extra-trench processes relating to oxidation-induced geochemical
changes in iron-rich, anoxic waters and leachate-soil interactions have been
discussed in earlier reports (Dayal et al., 1984b; 1986a: 1986b).

The main areas addressed in this report include:

The processes which control leachate formation and development ofe

anoxia in the trenches,

The important solute constituents of trench leachates,e

1
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e The processes and redox couples which may determine redox' equilibria
and buffering in trench leachates,

.e The important biogeochemical processes controlling leachate composi-,

! tions,

e h e effects of disposal of unsegregated, unstabilized, and poorly
packaged waste'on the trench environment,

e' Those solute constituents which may serve as tracers for M situ
leaching and microbial' degradation of buried wastes,

;

j e 'Ihe contrasting leachate geochemistries of the Maxey Flats and West .
j . Valley and the Barnwell and Sheffi. eld sites,

e The factors which contribute to uncertainties in the source term, and

< e The relevance of these research findings to NRC needs.

1.1. Commercial Disposal of Low-Level Radioactive Waste
;

I Disposal of low-level radioactive wastes.at commercially operated
disposal sites began in 1962 at Beatty,. Nevada.- Since that time _ additional

j disposal sites were established in Maxey Flats, Kentucky; West Valley, New-
York;.Richland, Washington; Sheffield, Illinois; and Barnwell, South Carolina,
as shown in Figure 1.1.
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Figure 1.1. Commercial low-level. radioactive waste. disposal
sites in the United States.
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The disposal sites at West Valley, Maxey Flats, and Sheffield have
I discontinued operations leaving Barnwell as the only disposal site accepting

commercial radioactive wastes in the Eastern United States. That site plus
the Beatty and Richland sites now handle all of the. nations commercially,

3generated low-level wastes, which amount to 75,000 m /yr~(Robertson, 1984).
Table 1.1~ lists the existing disposal sites, the year licensed, and their
current status.

Table 1.1. Commercial low-level radioactive waste disposal
'

sites.

Year Current

Site Licensed Status

4

Beatty, Nevada 1962 open
Maxey Flats, Kentucky 1963 closed
West Valley, New York 1963 closed

| Richland, Washington 1965 open
Sheffield, Illinois 1967 closed
Barnwell, South Carolina 1971 open

Low-level waste consists of a variety of laboratory, hospital, and reac-
tor equipment, residues, and trash-which are contaminated with radioactive
naterials. For the most part, the types of materials buried include clothing,

,

t plastics, paper, ion exchange resins, scintillation vials, animal carcasses,
solidification agents, decontamination agents, and <ther materials in small
quantities.

]& Transuranic elements, e.g., plutonium, americium, neptunium, etc., in
concentrations greater than 10 nCi/g of waste are classified as TRU waste and

,

are not accepted at commercial disposal sites. However, in the past, solid
wastes contaminated with plutoniun and other transuranic radionuclides were
mixed with LLW and buried at the commercial sites.

i

3
- Solid low-level radioactive wastes, such as those generated at commer-

,

. cial power plants, hospitals, research facilities, and universities, are j
1 usually buried in the containers in which they are shipped. The purpose of

the package is to minimize personnel exposure and to prevent the loss of ra-
dioactive materials during shipment to the disposal site.

Burial practices at the commercial disposal sites are similar in that,
typically, solid wastes are buried in shallow rectangular trenches with

| varying dimensions, ranging from 60-150 m long, 8-15 m wide, and 6-12 m deep.
The trench floor is sometimes sleped toward one or more sumps, and riser pipes"

are provided for routine observation of water levels and for removal of
,

j water. Solid wastes are buried in an assortment of containers, such as
~

cardboard and wooden boxes, plastic bags, cement casks, steel drums, and steel;

1 bins.

i

3<
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When filled with waste, the trench is backfilled with previously exca-
vated earth, compacted, and covered with capping material. Generally, the
compacted cap contains clay material that expands when moist, to retard infil-
tration of rain water. The finished trench is covered with soil and. planted
with shallow rooted ground cover to prevent soil erosion.- Rain or groundwater
that enters a trench may leach the contents of the buried containers'that have
failed either during burial operations or through . corrosion and decomposition i
processes. A prime concern of burial operation is that.the leached material
may not be carried to the environment around the trenches by the infiltrated
water. !

In this report, the terms " trench water" and " trench leachate" are used
,

I interchangeably to identify water that resides in a trench, and that may be
removed via sumps or test wells in the trench.

1.2. Site Characteristics and Operations

The disposal sites are located in sparsely settled areas that were con-
sidered suitable for shallow land burial of low-level radioactive wastes. A
summary of selected geohydrologic characteristics of four commercial LLW dis-
posal sites. studied by BNL, as reported by Clancy et al. (1981), is presented
in Table 1.2. -

: Table 1.2. Characteristics of commercial low-level
radioactive waste sites.I

,

. Sorption
Depth to Capacity

Mean Annual Depth to Regional of
Dis posal Precipitation Surface Interstitial Bedrock Croendwater Aquiffer Surface

i Site (ma) Material Permenhflity Material (m) (m) Material

Mamey Flats 1,050 clay, tow Clay-Shale. Ynknown 85 Moderate
WestSered- $11tstone to High
Siltstone Sandstone
and Stone

West Valley 1,040 Weathered low Shale 31-38 >60 High
Till-stity Siltatone
clay and
giavel

Barnwell 1,200 Sand-Clay low Sedimentary- 10-20 200 Moderate
Sand

Sheffield 900 sitt Sand low Shale, 6-15 >50 Moderate
1.fmestone

IAdapted from riancy et al. (1981).

|
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1.2.1. Maxey Flats Site

Detailed descriptions of site characteristics and hydrogeology have been
reported by Zehner (1983) and Meyer (1976) and summarized by Dayal et al.
(1984b). Briefly, the burial site is Jocated on Maxey Flats, an eroded
plateau in the knobs region of northeastern Kentucky. The plateau rises
approximately 90 to 120 m above the surrounding alluvium-filled valley. The
Maxey Flats region has a humid continental clinate with sharp contrasts
between winter and summer months. Based on the reported mean annual
precipitation of 1,050 mm, the Maxey Flats site can be characterized as a
humid site.

The burial trenches are excavated entirely in the Nancy Member of the
Borden Formation. The upper 0.3 to 7.5 m at the site is yellow brown regolith
composed of weathered shale. McDowell (1971) reported the presence of two
sandstone beds of variable thickness located at about the middle and at the
base of the regolith. In some places, the shale between the two sandstone
beds is partly weathered, imparting a mottled yellow brown and gray color to
the rock unit. The unweathered part of the Nancy Member, which averages about
4.5 m in thickness, extends from the base of the lower sandstone bed in the
weathered part of Nancy shale and is underlain by a 0.5 m-thick sandstone bed,
at a depth of approximately 7.5 m. About 80% of the rocks underlying the
disposal site are shale. Because of the extremely low hydraulic conductivity
of the bedrock, essentially all groundwater movement occurs through fractures
and joints.

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.
Ef forts towards water removal included pumping the water out of trenches,
storing the leachates in a surface storage tank, reducing the leachate volume
by evaporation, and solidification of evaporated residues for eventual
disposal on site. Efforts to minimize water ingress included grading and
improving surface drainage, recapping older trenches to reduce cap
permeability, and establishing a vegetation cover over completed trenches
(Mills and Page, 1972). A temporary renedial measure, taken in 1981 to
minimize entry of infiltrated water into the trenches, involved installation
of a PVC plastic cover over the surface of trenches located in the middle and
western sections of the burial area. As a short-term solution, the trench
cover appears to be effective in preventing surface runoff from infiltrating
the trenches.

5
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1.2.2. West Valley Site

The site is located on a ridge of glacial till ranging in thickness from
0 to 170 m, which is underlain by shale of Paleozoic age. The unweathered
till into which the trenches are excavated has a very low hydraulic conduc- |
tivity (=10-7cm/s). The depth of the water table ranges from 31 to 38 m. The
climate is cool and moist with the average annual precipitation being 1040 mm,
much of which falls in the form of snow. j

The site accepted waste for burial between November 1963 and March.1975,
when disposal site operations were suspended following detection of leachate
seeping through the cover of one of the trenches. Some of the waste trenches
have been reported to accumulate enough infiltrated water, resulting in a
bathtub effect. This was reported to be a major problen affecting the site
performance (Clancy et al., 1981).

1.2.3. Barnwell Site

The site is located in Barnwell county in southwestern South Carolina.
As reported by Cahill (1982), the Barnwell disposal site is underlain by
sediments of the Atlantic Coastal Plain, which are relatively unconsolidated
and are composed of stratified gravel, sand, silt, clay and limestone. These
unconsolidated sediments, in turn, are underlain by Triassic rocks. The
unsaturated zone at Barnwell extends from the land surface to just above the
water table and is comprised of the aeolian sands and part of the Hawthorne
Formation. The sediments in the unsaturated zone are generally fine grained
sands admixed with minor amounts of clay and coarse sand. The depth of the
water table varies from 10 to 20 m. The climate of the area is characterized
by warm, humid summers and mild winters. The mean annual precipitation for
the area is reported to be 1,200 mm.

The burial site is owned by the State of South Carolina and has been
operated by Chem-Nuclear Systems, Inc. since it was licensed in 1971. About
75% by volume of the radioactive waste buried at Barnwell comes from the
nuclear power industry. The remaining material is derived from non-fuel cycle
activities, such as pharmaceutical industry, hospitals, universities and
medical research institutions. There have been no significant problems
encountered at the site, since it first opened in 1971.

1.2.4. Sheffield Site

The site is located in northwestern Illinois, about 5 km west to
southwest of the town of Sheffield. Burial trenches are excavated primarily
in Pleistocene loess and glacial deposits of clay, silt, sand, and gravel, 3
to 15 m thick. These are underlain by consolidated Paleozoic shales. The
water table depth ranges from 6 to 15 m. The permeability of the upper
sediments is reported to be sufficiently high to prevent accumulation of water
in the trenches, except during periods of heavy rainfall and rapid snow melt.

6
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The climate at the site is humid continental with cold winters and warm
to hot summers. The average annual precipitation is 900 mm with the majority
of the rainfall occurring between April and September, while annual snowfall
averages about 750 mm. It is estimated that of the 900 mm of precipitation
occurring annually, a small fraction (= 6.5%) makes its way to the water
table.

The disposal of LLW was initiated at the Sheffield site in 1967. Since
1978, the facility has been closed and no waste has been accepted for dis-
posal. The principal problems encountered at the site include erosion, trench
subsidence, and detection of radioactivity in on-site wells.

1.3. Waste Character, Inventory and Burial

1.3.1. Maxey Flats Site

As summarized by Dayal et al. (1984b), the following information has been
gathered on the waste inventory of the site and on the character and volumes
of wastes buried at the site. A schematic of the Maxey Flats disposal site,
showing the location and identification of the various waste trenches, is pre-
sented in Figure l~.2.

During 1962-1977, the period of commercial operation, approximately
3140,000 m of waste were buried at the site. This waste was comprised of

2,400,000 Ci of by product material, 431 kg of special nuclear material, and
242,000 kg of source material. 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 corres-
ponds to uranium and thorium, but does not include special nuclear material.

Most of the wastes buried at Maxey I! .a were in solid form and consisted
of low activity wastes such as paper, trae' clothing, protective apparel,
laboratory glassware, obsolete equipment, rauiopharmaceuticals, and miscella-
neous rubble. Higher activity wastes included solidified liquids, shielding
accessories, filter cartridges, ion-exchange resins, and activated metals.
Transuranic wastes were generally associated with glove boxes, rubber tubing,
gaskets, plastics, paper and rags.

The more hazardous solid wastes were usually contained in 210 L steel
drums. The less hazardous wastes were generally packaged in fiberboard boxes
or wooden crates. During the early years of operation, burial of container-
enclosed liquids and solidified liquid wastes also occurred. The packaged
solid wastes were dumped at random in large rectangular trenches separated by
1.5 to 3 m of shale and covered by 1 to 3 m of compacted clay admixed with
crushed shale. Many packages were crushed from the impact of dumping or
during compaction of the trench cap.

7
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Most trenches are about 90 m long, 7.5 m wide, and 7.5 m deep. The
bottons are slightly sloping to facilitate -collection of infiltrating water
accumulated at the bottom of the steel riser pipes. Some trenches have one or

more riser pipes for water removal. The riser pipes are identified by a
number 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 tenches have one or
more riser pipes.

Zehner (1983) reported that "s" trenches, such as 5s and 19s, were used
for burial of "special" types or amounts of wastes having relatively long
biological or radioactive half-lives (Sr-90, Pu). Solidified liquid wastes,

or liquid holding tanks, were buried in "L" trenches. Most "L" trenches are

much smaller than the connon trenches. Trench 33L consiets of caveral
i adjacent slit trenches, ranging in width from 0.6 to 2.5 m. The slit

trenches, about 75 m long and 3 m deep, were lined with plastic and filled
with liauid waste slurries, which were subsequently stabilized. Cement and
urea formaldehyde were used as solidification agents in slit trenches 33L4,
33L11, 33Ll6 and 33Ll7, and 33L3 and 33L8, respectively, to stabilize the
liquid waste slurries.

Approximate trench dimensions and their closure dates, waste volumes and
the amount of radioactivity at the time of burial in each disposal trench are
summarized by Dayal et al. (1984b) in an earlier report. The ratio of waste
volume to trench volume gives 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. Zehner (1983) reported further that the
overall void space in 1 trench has probably decreased since the time of burial
due to compaction of t he waste by heavy equipment during but tal 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 a
net increase in void space. The observed subsidence of trench caps in recent
years is a result of trench instability attributable primarily to an increase
in void space with time. The occurrence of subsidence holes observed on the
trench caps indicates a net decrease in void space in the trenches.

1.3.2. West Valley Site

Clancy et al. (1981) reported that between November 1963 and March 1975,
3approximately 66,837 m of radioactive waste containing 704,500 Ci of by-

product material, 465,394 kg of source material, and 56 kg of special nuclear
material (including 4 kg of plutonium) had been disposed at West Valley.
These wastes came from offsite medical, educational, research, industrial,
pharmaceutical, federal installations, nuclear power plants and (about 20%) ,

from the onsite nuclear fuel reprocessing facility.

t 9
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The majority of waste buried at West Valley consisted of paper trash, an-
imal carcasses, evaporator bottoms, filters, filter sludges, protective appar-
el, residues, plastic, glass and packing material. These materials were pack-
aged in drums, liners, crates, bags and boxes. Through 1972, the predominant
radionuclides reported as disposed at West Valley were tritium and C-14 (over
158,000 C1), Co-60 (about 76,000 C1), mixed fission products (about 20,843 Ci;
presumably dominated by Cs-137 and Sr-90 mixtures), miscellaneous wastes or
waste not specifically identified (totaling over 85,000 Ci), and Pu-238
(34,982 C1).

As reported by Clancy et al. (1981), the disposal site consists of 14
shallow land burial trenches (Fig. 1.3). Seven trenches were constructed in
the northern area and the other seven in the southern area of the site. The
trenches on the average are relatively long and narrow, menouring about 180 tu
240 m in length, about 10 m in width, and about 6 m in depth. Trench 6 is not
a true trench but rather a series of individual bore holes for waste with high
external exposure rates. Trench 7 is actually a narrow and shallow concrete
vault.

Drains were installed in the trench floors leading to sumps into which
standpipes had been emplaced. From 1963 until 1968, leachate was periodically
pumped out of the trenches and discharged after considerable dilution, into an
adjacent stream. A lagoon was constructed adjacent to the southern area
trenches to hold rainwater which was pumped from open trenches. This lagoon
and the two lagoons in the northern area were connected by pipeline to the
LLW treatment facility located in the nearby fuel reprocessing plant (Clancy
et al., 1981).

Most of the waste delivered to the disposal facility and disposed was
packaged in 55-gallon steel drums. Wastes having a radiation level at the
container surface in excess of 200 mR/hr were required to be solidified in
concrete. Many of the waste containers were placed (rolled or dropped)
manually into the trenches. Heavy containers and packages with hich external
radiation levels were placed into the trench with the aid of a large capacity
crane. Many of the 55-gallon drums were stacked in place.

1.3.3. Barnwell Site

Waste disposal was initiated at the Barnwell site in 1971. Clancy et
al. (1981) reported that, during the first year of operation, approximately

312,405 m of waste containing 4200 Ci of byproduct material was accepted and
disposed. The disposal rate rose steadily over the next nine years to the

3point where the annual rate reached 63,862 m in 1979. Due to restrictions in
the annual volume of waste received, however, the disposal rate in 1980 was !

reduced to about 53,800 ra3 Through 1980, over 323,560 m of waste containing3

1,665,100 Ci of byproduct material radioactivity has been disposed. In addi- )tion, 2,567,000 kg of source material and I, 120 kg of special nuclear i

l
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i material have been disposed through 1980. Transuranic-contaminated waste in

,
concentrations exceeding 10 nCi/gm have never been accepted for disposal at

1- the site.
i
'

Two types of disposal trenches have been employed at the Barnwell facil-
ity: slit trenches and " standard" shallow land burial trenches. Each of the
two slit trenches that have been constructed at the site measure about 75 to

4 150 m long, 1 m wide, and 6 m deep. A map of the disposal site is shown in
i Figure 1.4.

According to Clancy et al. (1981), the slit trenches have been used in
4

i the past for disposal of waste material having high surface radiation levels .
; such as non-fuel bearing reactor core components (poison curtains, control
; rods, and other miscellancous core hardware), with the intention of reducing

| occupational exposures. Most of the waste received at the site has-been dis-
posed in the " standard" trenches. These trenches were initially relatively4

small but more recent disposal trenches are larger, typically measuring 300 m
long by 30 m wide. Somewhat smaller trenches are also occasionally used.

!

! In practice, waste emplacement is a combination of stacked and random
disposal. Boxes and ion exchange liners are typically stacked while drums and,

; other small waste packages are typically dumped into the spaces alongside the
. stacked waste. After waste emplacement, the trench is backfilled with a sandy
I soil and compacted. The trench covers are graded to promote drainage, top

{ soil is added, and the surface is seeded with grass (Clancy et al., 1981). |
|

'

j 1.3.4. Sheffield Site |
j.

'

; AccordingtoClangyetal.(1981),between1967andApril1978, !

! approximately 90,500 m of low-level solid waste containing over 60,200 Ci of 4

! byproduct material was disposed at the site. The quantities of source
! material, special nuclear material, and plutonium disposed at the site were
j 271,790 kg, 60 kg, and 13.4 kg, respectively. .The State license at the
: Sheffield site generally limited the concentration of disposed radioactive

3material to 35 Ci/m , although some exceptions were made on a case by case
| hasis. Liquids were occasionally received on site and were solidified in
j urea-formaldehyde or cement. Disposal of plutonium waste at-the site was

! discontinued in 1975.
i
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Figure 1.4. Schematic of a portion of the Barnwell site, showing the
location and identification of the disposal trenches.
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The disposal trenches at the Sheffield site have dimensions generally
ranging from 60 to 150 m in length,-10 to 25 m in width, and 6 to 12 m in
depth (Fig. 1.5). With the exception of several slit trenches, the trenches
have been excavated roughly parallel to one another with about 3 m spacing I

separating the trench side walls. All trench tops are above the probable
maximum flood elevation and the trench bottoms (with the exception of trench
18) are above the maximum groundwater elevation. The bottoms of the trenches |
were sloped toward one end and are equipped with French drains that lead to l

sumps and riser pipes for sampling. Each trench has been capped 'and mounded
for surface drainage (Clancy et al., 1981).
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Figure 1.5. Schematic of the Sheffield site, showing the location and
identification of the disposal trenches.
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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 LLW 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
system is shown in Fig. 2.1. After collection, the trench 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 precipitate. A scheme for sequential processing of trench water
samples collected in the field and subsequent analysis for the various
dissolved and suspended constituents is shown in Fig. 2.2.

TO WASTE TO WASit
in h

PERISTALTIC
PUMP -

9> AIR BARRIER AIR BARRIER
C Coll COIL$r

i

[V-4
fcec
RENCH y,3 v.5 v.: y.2

PIPE I M ) )

$ V1'

TO__
IN-LINE < V-8

ME ASURE- : X
INERT SAMPLE COLLECTION
GAS y.6 BOTTLE

VENT

@ 6
AIR MICROBIOLOGICAL

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.

;

i 2.1.1. In-Line Field Measurements

Physico-chemical characteristics of trench water which are subject to

i change during storage were measured at the time of~ sample collection. The
! temperature, pil, redox potential (Eh), dissolved oxygen and sulphide, and spe- '

; cific conductance of the trench water samples were measured in-line while the

; water sample was being collected. A schematic diagram of the-in-line field

.

measurement system is shown in Fig. 2.3.
1

4 2.1.2. Anoxic Filtration

i '

j Upon arrival at BNL, the trench water samples were filtered through 0.45
l um membrane filters to remove suspended particulate matter. The. filtration !

| was also conducted under an inert atmosphere to maintain the anoxic character |
1 of the waters. The filtrate was divided into several fractions and processed i

! according to the scheme shown in Fig. 2.2. The dissolved fraction of each j
j- sample was analyzed for inorganic, organic, and radiochemical constituents.
'

The. particulate fraction was analyzed for radiochemical constituents only. A

i schematic diagram of the anoxic filtration system is shown in Fig. 2.4.

!
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J

| 2.1.3. Inorganic Constituents

j The following is a brief summary of methods used to measure the dissolved
i chemical constituents in trench waters sampled prior to 1981. Trench waters
; collected during the 1981 sampling trip and subsequent trips were a,nalyzed for
! inorganic constituents at BNL using ion chromatographic methods. Specifi-

cally, the anions chloride, sulphate, nitrate, phosphate, fluoride, and bro-
mide were analyzed on a Dionex Model 10 ion chromatograph using an anion col-
umn with a 0.002 M sodium bicarbonate, 0.002 M sodium carbonate buffering

! solution. Ions were detected by changes in the electrical conductivity of the
i buffering solution.

i
2.1.3.1. Alkalinity

!
! The alkalinity titration was performed on filtered trench water, immedi-
i ately after filtration. Generally carbonate and bicarbonate concentrations in
: groundwater are determined by titrating the water sample with a standard acid
2 to'pH 8.3 and pH 4.5, respectively. The equations that govern the reactions
J are

.

+ II+ HCO - (2.1)C03 3

|
HCO + II+ ! H O + CO2 (2.2)| 3 2

a
f

! The end points of these titrations are usually sharp in the absence of

| other ions that are in competition for the hydrogen ion. In the presence of

! salts of weak organic and inorganic acids the titration curve does not give a
sharp endpoint due to buffering of the system. The titration alkalinity in'

| this case is not a simple function of the carbonate-bicarbonate concentra-

| tions. However, for the sake of simplicity, we have assumed the titration al-
I kalinity to be equal to carbonate alkalinity. The shape of an acid-base

| titration curve can yield useful information in addition to carbonate and

] bicarbonate relationships.

2.1.3.2. Chloride

Thiocyanate ion is liberated from mercuric thiocyanate by the formation
i of non-ionic but soluble mercuric chloride. In the presence of ferric lon,

the liberated thiocyanate forms a highly colored ferric thiocyanate whose con-e

centration is proportional to the original chloride concentration. The inten-
! sity of the ferric thiocyanate was measured spectrophotometrically.

2.1.3.3. Dissolved Metals

| Dissolved metals in the acidified aliquots of filtered trench waters were
determined by atomic absorption spectroscopy.

;

18
, .

;
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1

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 spec-
I trophotometrically. 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-

! sequent reaction with 1,10-phenanthroline. Atomic absorption determination of
total tron was a convenient check on this method.

,

2.1.3.5. Fluoride+

i
4

| Fluoride was determined with a specific ion electrode consisting of a ;

; single-crystal lanthanum fluoride membrane and an internal reference. The
crystal is an ionic conductor in which only fluoride ions are mobile. The po-
tential developed across the membrane in the Orion 94-09 probe is proportional4

} to the fluoride ions in solution and was measured against an external refer-

1 ence with the Orion 407A specific ion meter.
|
j 2.1.3.6. Phosphate
)
] The determination of orthophosphate involved the formation of molybdopho-

sphoric acid with the addition of ammonium molybdate in acid medium. This was
,

j reduced to molybdenum blue by ascorbic acid and measured spectrophoto-
i metrica11y.
1

| 2.1.3.7. Nitrogen-Ammonia

j A gas sensing electrode, containing a hydrophobic gas permeable membrane,
.

allows dissolved ammonia generated in the sample to diffuse through the mem-

| brane until the partial pressure of ammonia is the same on both sides. The
partial pressure of ammonia is proportional to its concentration according to

j Henry's law. When sodium peroxide and sodium hypochlorite are added to a
solution containing an ammonium salt, the Berthelot reaction takes place with

,

the formation of a green compound related to endophenol. The color intensity

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

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

2.1.3.8. Nitrogen-Nitrate

Nitrite reacts with sulphanilamide under acidic conditions to yield a
j diazo compound which couples with N-1-napthylethylene-diamine dihydrochloride
i to form a red colored compound. The color intensity measured spectrophoto-

|
metrica11y was related to the concentration of nitrite.

1

i
F

|

!
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I 2.1.3.9. 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

i nitrate value.

2.1.3.10. Silica

| Ammonium molybdate reacts with silicic acid (hgs 10g) in acid medium to
form molybdosilicic acid. This was reduced to molybdenum blue by ascorbic

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

2.1.3.11. Sulphate

When equimolar barium chloride and methylthymol blue are added to a sul-
phate-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;

j to the sulphate initially present in the sample.

2.1.3.12. Sulphide

A silver-silver sulphide electrode used in conjunction with a reference
electrode develops a potential which is a direct function of the logarithm of
the activity of the sulphide ion. The sulphide electrode was calibrated using
the method developed by Berner (1963).

2.1.4. Organic Constituents

,

2.1.4.1. Dissolved Carbon
1

I
The total dissolved carbon and inorganic carbon contents were determined

i using a Beckman Model 915 Total Carbon Analyzer. The difference between the
'

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

2.1.4.2. Organic Carbon Compounds

A liquid extraction technique using methylene chloride was employed to
isolate acidic, neutral, and basic hydrophobic organic compounds from the
trench waters. These fractions were analyzed by gas chromatography and ident-
ified by mass spectroscopy (CC/MS) methods.

| Hydrophilic compounds were isolated at PNL using BF3 in methanol to pre-
pare methylated derivatives which were subsequently analyzed by gas chromato-'

| graphy and identified by mass spectroscopy methods (CC/MS).

! 20
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2.1.5. Radiochemical Constituents

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

{ aliquot of the filtrate. Tritium was measured on a non-acidified fraction of
i filtrate. The following is a brief summary of the procedures used to measure

radionuclides in trench and well waters,
i

2.1.5.1. Gross Alpha / Gross Beta
|

!

i 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/
i yttrium-90 beta plateau. This measurement was not made for the particulate
] fraction. Gross counting should be regarded as a rapid, semi-quantitative

j measure of sample activity.
J

; 2.1.5.2. Tritium
4

An aliquot of tritiated water, distilled by conventional methods at atmo-
spheric 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 from4

j 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.

I
; 2.1.5.4. Plutonium-238,239,240
i

| Plutonium isotopes were radiochemically separated from other alpha
j emitting radionuclides by anion exchange chromatography and electroplated onto
i a counting disc. Plutonium isotopes on the disc were measured by alpha spec-
| troscopy with a surface barrier silicon detector. The Pu isotopes were ana-
| lysed by LFE Laboratories, Richmond, California.
i

! 2.1.5.5. Gamma-Ray Emitters
i

Gamma-ray emitting radionuclides, such as Am-241, Cs-137, Cs-134, Co-60,
Na-22, and Hn-54, were measured by counting aliquots of the filtered trench

, water with a 2 kev resolution Ge(Li) detector. Radionuclide identifications
'

were made on the basis of measured gamma ray energies and relative peak
i heights of nuclides emitting more than one gamma.

!

T
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3. RESULTS

3.1. Selection of Leachate Data

As reported earlier, several sampling trips were undertaken by BNL to the
] waste disposal sites during the period 1976-1982 to collect trench.and well

water samples. In many instances, the same trench was sampled multiply during'

subsequent sampling trips.

! During preliminary sampling trips to the study areas, adequate precau-
tions were not taken to prevent air from coming in contact with water samples
during collection. Consequently, the water samples do not represent the actu-
al leachates in the trenches. We consider these data suspect and have not
discussed them further in this report.

Subsequent leachate samplings involved use of anoxic sampling pro-
cedures. 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
i sample was conducted to determine completeness of the trench water analyses.
'

Equivalents of cation and anion sums were compared to calculate the ion
balance error. In several cases, the leachate samples exhibited appreciable,

error in ion balance. As a result, these data have been excluded from further4

consideration. Based on a relatively small ion balance error, we have
compiled in Table 3.1 a list of trench water samples that will be consideredi

'

further in the interpretation of trench leachate compositions. It should he
noted, however, that for the interpretation of radionuclide and organic data
all leachate samples have been considered (including the 1977 survey
samplings), since these constituents are present in trace amounts and do notJ

contribute significantly to bulk composition of the trench leachates.

3.2. Selection of Well Water Data

Both on- and off-site wells were sampled several times at the disposal
sites by BNL to obtain baseline information on ambient groundwater
characteristics.,

!

! At the Maxey Flats site, an on-site well UBIA was sampled multiply during '

the study period. Analyses of the nell water samples revealed the presence of
contaminants such as radionuclides and dissolved organic compounds, presumably

'
derived from neighboring trenches. Consequently, the composition of an
off-site well UA3, 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 corresponding to lower part of Nancy Member and upper part of
Farmers Member. Accerding to Zehner (pers. comm.), well water UA3 may be used
as a substitute for UBIA to represent ambient groundwater composition. The

'

i average major ion composition of UA3 well water sampled in 10/78, 6/79, and
;
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Table 3.1. Selected trench leachates . considered in this study.

Trench Sampling Date Leachate Designation

Maxey Flats Site

2 September 1976 2(76)
7 September 1976 7(76)
7 October 1981 7(81)

18 September 1976 18(76)
19s September 1976 19s(76)
19s October 1981 19s(81)
23 October 1981 23(81)
26 September 1976 26(76)
27 September 1976 27(76)
27 May 1978 27(78),

27 October 1979 27(79)
27 October 1981 .27(81)
30 October 1979 30(79)
32 September 1976, 32(76)
33L4 May 1978 33L4(78)
33L4 October 1981 33L4(81)
33L8 October 1981 33L8(81)

! 35 October 1981 35(81)
37 September 1976 37(76)

West Valley Site

2 November 1977 2(77)
3 October 1978 3(78)
4 November 1977 4(77)
5 October 1978 5(78)
9 October 1978 9(78)

Barnwell Site

6 May 1980 6(80)
8 March 1979 8(79)
8 May 1980 8(80)

25/21 March 1979 25/21(79)+

25/21 May 1980 25/21(80)

Sheffield Site,

14A April 1979 14A(79)
18 April 1979 18(79)
18 June 1982 18(82)
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10/79 by USGS personnel are reported by Zehner (1983). In our interpretation
of Maxey Flats leachate data, we' have used the average composition of UA3 to
represent the ambient groundwater composition.

At the West Valley site, three on-site wells and seven off-site streams,
located in the vicinity of the burial site, were sampled by BNL during the
survey study. However, most of these, water samples were found to be contam-
inated with tritium, presumably derived from the neighboring trenches. As a
result, no further samplings were conducted at these locations during subse-
quent field trips. For interpretation of West Valley trench leachate data, we
have considered West Valley spring water composition, as reported by the USGS
(Cartwright and Ziarno, 1980), to be representative of the ambient
groundwater.

Although several on-site wells were sampled at the Barnwell site (Weiss
and Colombo, 1980), monitoring well #6 was considered to be the most typical
in terms of ambient groundwater characteristics.

At the Sheffield site, a series of on-site wells were sampled by BNL dur-
ing the survey study (Weiss and Colombo, 1980). However, more than half of
the well waters sampled were found to be contaminated with radionuclides and-

organic carbon. Well water #525. which was sampled multiply and contained no
significant levels of contaminants, was selected for the interpretation of
Sheffield trench leachate data, relative to ambient groundwater composition.

For the purposes of this study, the well waters selected to represent the
ambient groundwaters at the Maxey Flats, West Valley, Barnwell, and Sheffield
waste disposal sites are summarized in Table 3.2.

Table 3.2. Selected well waters considered in this study.

Disposal Site Well Water Groundwater Designation

Maxey Flats UA3 GW(MF)
West Valley West Valley Spring CW(WV)
Barnwell #6 CW(BW)
'Sheffield -#525 CW(SH)

3.3 Characteristics of Trench 2Leachates and Well Waters

Field data on specific. conductance, dissolved oxygen, Eh, pH, sulphide
and temperature for selected trench leachates and ambient groundwaters are
presented in Table 3.3. Also included in the Table are the values for
dissolved organic carbon and inorganic carbon, total dissolved solids and'
ionic strength'for each water sample. The values for total dissolved solids

~

and ionic strength represent calculated values based on WATEQF geochemical-
code.
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Table 3.3. Characteristics of trench leachates and
groundwaters from LLW disposal sites.

|

I
l

|
Total

t Dissolved Specific Ionic Dissolved
Temperature Th Oxygen Conductance Strengtg Solids DOC DIC

Sample ('C) op (mV)n (ppm) (uMho/cm) (x10' ) (ppm)b. (pp)c (pp,)e

Maxey Flats Site

2(76) 20.0 6.7 d d 3400 6.0 4460 210 270
7(76) 22.5 6.9 d d 2530 3.5 2220 250 210
7(81) 16.5 7.4 -44 0.10 12000 14 8200 730 220
18(76) 21.5 7.0 d d 3450 5.1 3660 500 440
19s(76) 21.0 6.6 d d 2340 3.3 1850 620 80
19s(RI) 15.0 6.5 -28 0.10 2l00 3.5 2080 430 170
23(81) 17.0 7.5 -39 0.05 4800 7.2 5000 780 520
26(76) 21.0 6.8 d d 2910 3.6 2430 950 150
27(Av)* 18.5 6.2 79 0.10 13120 20 8420 920- 25
27(81) 16.0 6.8 17 <0.05 6000~ 10 4540 490 57

30(79) 16.0 6.5 140 0.10 6900 17 10580 260 1500
32(76) 20.0 7.3 d d 5750 6.9 4950 790 510
33L4(7R) 12.0 12.1 -7 4.1 5580 3.2 3070 1100 10
33L4(81) 17.0 12.0 -54 0.05 6400 4.2 4190 1500 <2

33L8(81) 18.0 6.0 -135 0.25 2000 2.9 1800 160 330
35(81) 17.0 8.2 -14 0.10 3400 6.4 4180 540 390
37(76) 20.0 5.1 d d 6900 19 11250 3280 20

f
CW(MF) d 6.9 d d d 7.2 3670 6 lif

West Vallev 91te

2(77) 11.7 7.7 47 d 6700 8.7 6120' 200 670
3(78) 10.5 7.3 -3 0.1 7600 9.5 5590 1700 95
4(77) 13.5 7.2 210 d 8100 1.1 6830 350 130
5(78) 10.5 6.7 40 0.2 6750 10.7 5970 2900 10:

| 9(78) 13.5 6.7 18 0.2 3400 4.9 3030 1700 120
"

OW(W) d 7.8 d d d 0.43 240 d d

Barnwell Site

6(80) 15.3 6.1 350 4 260 0.37 240 7 8
8(79) 19.0 6.6 308 2 1400 1.5 1120 170 130
8(80) 16.0 7.4 130 0.3 2600 3.11 7220 203 258
25/21(79) 18.5 5.9 53R 1 550 0.62 300 12 38
25/21(80) 13.3 6.2 100 0.2 190 0.37 230 d 18
CW(BW) 18.0 6.8 d 0.1 35 0.18 13 6 6

-

She? field Site

14A(79) 8.5 5.0 143 0.3 600 0.93 500 100 40
18(79) 10.0 6.8 181 0.1 1600 3.0 1700 50 190
18(82) 10.5 7.1 256 <0.1 2000 3.4 1900 57 275
CW(SH) 10.0 7.5 2 2.2 510 1.1 620 3 70

afield measurements of Fh are reported relative to the Standard Hydrogen Flectrode (SHE).
blonic strength and total dissolved solids values are based on'WATEQF calculations.
cRepresent dissolved organic carbon and dissolved inorganic carbon. respectively.
dNot determined.
'everage values based on leachate samplings ennducted in September 1976, May 1978, and
October 1979 (Dayal et al., 1984b).

fThese species were not measured in well UA3 water. D e listed values are means for the
species in well l'BIA water samples.

'
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The data show that, relative to ambient groundwaters, most trench leach-
ates exhibit high specific conductance, ionic strength, total dissolved solids
and dissolved organic and inorganic carbon. In addition, the leachates are
generally depleted in dissolved oxygen, with most Maxey Flats and West Valley j

' leachates exhibiting strong chemically reducing conditions as indicated by l

negative redox potentials. In contrast, the Barnwell and Sheffield leachates
are relatively mildly reducing.

3.4. Major Ion composition

The major ion compositions of the trench leachates and ambient ground-
waters are presented in Table 3.4. Thedatashowthatinamajoritg+ofthe2trench leachates, Na+, NH +, dissolved iron and manganese, Ca , Mg , Cl ,g
and alkalinity are generally enriched, relative to ambient groundwaters. How-
ever, the degree of enrichment is highly variable from one trench to another
at a given site or from one site to another. In addition,2the Maxey Flats and
West Valley leachates exhibit significant depletion in S0g relative to
ambient groundwater. Nitrate and nitrite concentrations are generally very
low to below detection in both the trench leachates and ambient groundwaters.
Howevert some Maxey Flats leachates show elevated concentrations of these con-
stituents.

3.5. Major Water Types

In Figures 3.1-3.4, 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 composition of ambient groundwaters are also projected on
the diamond shaped field to show their distinct chemical identity.

In terms of both anion and cation contents, the leachate compositions can
be classified, as shown in Table 3.5, into several groupings of specific water
types.

3.6. Dissolved Radionuclides

Table 3.6 presents radionuclide data (data corrected to October, 1981),
representing average radionuclide concentrations based on BNL samplings at the
Maxey Flats, West Valley, Barnwell, and Sheffield disposal sites during the
period 1976-1982 including the 1977 survey samplings. These radionuclide data
are displayed in Figures 3.5-3.8, where the error bars reflect the extent of
variation observed due to multiple leachate samplings in a given trench.

26
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Table 3.4. Major ion . compositions of trench leachates and groundwaters from LLW '
disposal sites. -

Concentration (ag/L)

NH g+ NO +No 2 Alkalinity3a a
Sample Na+ K+ (as N) FeT MnT Ca + Mg + C1- S0 2-2 2 (as N) .(as CACO )3g

j

; Mausy Flats Site

2(76) 700 66 b 40 0.8 29 79 310 11 <0.1 1560'

7(76) 240 140 b 61 0.5 130 -73 220 <5 (0.1 1090'

7(81) 2140 329 75 17 1.9 107 193 2500 1320 9 1150
18(76) 540 50 b 33 <0.1 14 160 310 18 <0.1 2050'

191(76) 100 25 b 150 0.8 58 130 150 <5 <0.1 980
19s(81) 231 27 45 65 0.5 49 128 231 <2 0.5 1040
23(81) 825 77 100 7 <0.1 11 230 575 57 28 2420

1

26(76) 240 39 b 65 0.7 31 130 290 <5 <0.1 1320
1 27(Av)c 630 85 70 1250 116 530 468 4733 24 0.8 354
1 27(81) 554 87 116 165 1.7 220 350' 2340 <2 17 312
j 30(79) 1000 43 50 10 0.3 32 1300 200 85 0.1 6400
1 32(76) 700 210 b 16 1.2 75 230 370 11 <0.1 2720
i 33L4(78) 180 30 18 0.3 <0.1 650 (0.1 '168 <5 11 '1600
< 33L4(81) 180 102 26 0.2 <0.1 864 <0.2 361 <2 10 2120
5 33L8(81) 50 11 50 43 1.8 190 49 37 15 2 1080

35(81) 614 51 37 0.9 0.3 26 330 235 <2 0.7 2310,

37(76) 680 20 b 1100 42 250 730 180 8000 13 125
CW(MF) 300 24 <1 <0.1 <0.1 220 380 70 2100 0.2 459-

West Valley Site

2(77) 900 330 230 13 <0.1 72 220 470 <5 (0.1 3120
3(78) 1000 320 300 56 0.3 150 180 1300 26 2 1730
4(77) 970 330 68 82 0.5 180 160 2100 <5 <0.1 1800
5(78) 690 270 180~ 540 2.3 300 200 820 <5 1 2300,

9(78) 430 91 84 57 0.2 130 150 82 <5 .<0.1 1000!

j CW(W) 11 1 <1 10 <0.01 42 5 12 17 0.2 167

Barnwell Site

6(80) 28 3 4 <! 0.7 14 1 13 45 4 86.
"

$(79) 87 12 59 1.2 07 34 18 85 34 8 600
8(80) 120 18 205 24 0.9 82 40 47 7 <0.1 13404

25/21(79) 37 4 25 0.2 0.3 21 3 42 56 15 80
25/21(80) 11 1 35 6 0.6 10 3 12 <5 <0.1 104'
CW(BW) 15 12 2 i <1 <0.1 4 0.2 3 17- <0.1 61'

Shtffield Sitei

14A(79) 50 13 5 11 1.6 52 17 20 78 0.1 200
18(79) 67 72 9 0.4 1.1 190 94 28 190 0.4 850

#

18(82) 76 73 9 <0.1 b 219 126 27 199 b '1060
GW(SH). 35 1 <0.1 10 0.2 74 34 13 47 <0.1 320

8R* presents total dissolved iron and manganese.
bNst datermined.
cAvstrge values based on leachate samplings conducted in September 1976, May 1978, and
Octobar 1979 (Dayal et al., 1984b).
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; Table 3.5. Various water types showing nature and extent of chemical-
'

variability in trench leachates and ambient groundwaters.

;

Water Sample Water Type.

:

Maxey Flats Site

. 2(76), 7(76), 18(76), 19s(76,81), (Na + K) - Mg - HCO3
! 23(81), 26(76), 30(79), 32(76), 35(81)
i

37(76), CW(MF) Mg - (Na + K) - S0g

7(81) (Na + K) - Cl

| 27(Av), 27(81) (Na + K) - Mg - C1

33L4(78,81) , 33L8(81) Ca - HCO3

West Valley Site
,

CW(WV) Ca - HCO 3

5(78), 9(78), 2(77) (Na + K) - H00 3

4(77), 3(78) (Na + K) - C1 - H00 3
;
'

Barnwell Site

25/21(80), 8(80) (ca + Mg) - Na - H003

| 8(79), GW(BW) (Na.+ K) - H00 3

I
6(80), 25/21(79) (Na + K) - (C1 + S0g)

Sheffield Site

18(82), 18(79), 14A(79) (Ca + Mg) - H003 - S0 g
i

GW(SH) (Ca + Mg) _(C1 + S0 )'
6

!
1

!

|
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Table 3.6. Average radionuclide concentrations in trench leachates
sampled during the period 1976-1982.,

!

!

Concentration (pC1/L)a

Trench H-3 Sr-90 Pu-238 Pu-239,240 An-241 co-134 co-137 co-60'

Mrzey Flats S'ite
7 3 3 2 3 2 2 3

2 1.7x10 4.6x10 6.4x10 3.5x10 4.0x10 <1.0x10 <1.0x10 - 7.9x10
8 6 0 8 2 #

3.6x10"3 1.7x10"7 3.0x10 1.tx10 7.1x10 2.6x10 3.9x10 1.0xtD
8 2 3 I 2

1.2x10"818 3.4x10 4.7x10" 5.7x10 5.tx10 <2.0x10 <l.0x10 4.8x10
7 5 5 3 I 3'

; 19s 7.0x10 2.4x10 2.0x10 5.8x10 1.4x10" <5.0x10 6.tx10 6.9x10
3 2 3 8 3

23 1.0x10' 1.9x10" 2.2x10" 6.9x10 1.4x10 <2.0x10 3.2x10 1.5x10i

I 26 1.tx10 2.9x10" 8.0x10" 3.1x10 1.0x10 3.6x10 5.2x10 5.7x108 3 3 1 3 2

3 3 3 1 3 3
i 27 2.3x10' l.4x10 1.3x10" 1.3x10 4.8x10 7.6x10 9.3x10 5.3x10

2 2 2 2
5.6x10"3 2.2x10"3

' I8 1.9 x10 " 2.0x10 3.3x10 1.2x10 2.2x1030 1.1x10
3 3 1

3.8x10"5 5.0x10"3
8 1.3x10 6.0x10 5.6x10 4.1x10 2.0x1032 1.3x10

3 2 I 2 I7 3.5x10 5.3x10 2.0x10 <4.0x10 1.9x10 1.8x1033L4 4.0x10 1.7x10
2 0 8 I 1 2 8

33L8 7.0x10 ' 4.4x10 7.9x10 1.2x10 <3.0x10 <2.0x10 1.4x10 1.6x10
7 8 I 1 3

33L9 3.3x10 9.7x10 b - b (4.0x10 (1.0x10 3.4x10 -1.4x10"
7 3 3 3 2 3

33L18 3.8x10 3.1x10" 7.7x10 2.4x10 4.3x10 6.4x10 2.6x10" 4.1x10
8 3 2 2 3 8

35 3.7x10' 1.5x10" 5.tx10 7.tx10 3.4x10" 1.2x10 5.2x10 1.5x10
2 2 33 1.7x10" 3.1x10 1.9x10 2.5x10 6.2x10 2.3x10"37 7.8x10' 1.7x10

West valley Site

7 I 2 2 2 2.5x10" '2.0x1022 8.3x10 3.1x10 " 3.2x10 1.9x10 <2.1x10 <1.2x10
3 3.5x10 8.4x10 6.9x10 8.7x10 <5.tx10 <1.9x10 1.2x10' 2.3x10"8 5 1 1 2 2

8 # I I 3 I 24 2.8x10 1.5x10 1.8x10 4.3x10 (1.1x10 2.9x10 1.5x10" 5.0x10'8 5 2 I 2 2 55 1.3x10 3.5x10 2.6x10 5.7x10 (2.7x10 6.8x10 1.tx10 5.3x10
5 5 # # 2 5 I8 2.9x10' 1.4x10 1.4x10 3.3x10 3.6x10 3.4x10 1.3x10 9.8x10 -

s 5 2 0 <2.2x10' 5.0x10 3.0x10" 7.3x102 29 3.5x10 2.0x10 2.5x10 2.7x10

Bar na11 Site

I I I
3 1.0x10" b b b b (2.1x10 <2.3x10 <2.2x10'

! 1 2 2
5 8.5x10 3.9x1016 6 <2.8x10-I b <2.4x10 1.6x10 1.3x101.4x10

3 8 I I I I6 6.2x10 (4.3x10 3.6x10 (2.8x10-I b (2.2x10 (2.2x10 (2.2x10
I 2 I8 3.9x10 4.tx10I8 0 I b <2.2x10 (4.9x10 3.1x10

'

1.2x10
4.6x10 1! 13 <l.4x10' <4.6x10 7.3x10-I0 I 0 I9.3x10- b <2.3x10 1.0x10 <2.0x10

18 <7.1x10 <4.6x10
<3.6x10 0

(2.8x10-I b <2.3x10 <2.lul0 <2.4x1012 0 I I 1

5 0 3 1 I25/21 2.6x10 <4.6x10 4.5x10 2.8x10-I b <2.3x10 <2.5x10 <2.8x10
i'

Sheffield Site

i 14A 5.4x10 2.1x10 1.4x10 2.3x10-I b 6.1x10 2.8x10" 1.0x10"5 8 8 8

5 8 8 8 I 1 2
! .18 4.7x10 3.1x10 4.0x10 1.5x10 b <2.3x10 4.9x10 2.9x10

f acay corrected to October 1981.D,

bNot determined.
!
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Figure 3.5. Average radionuclide concentrations in Maxey Flats trench,

leachates (decay corrected to October 1981) based on multiple
samplings during the period 1976-1981. The error bars
represent the extent of variation observed in radionuclide
concentrations in a given trench sampled multiply.

Asterisk (*)-indicates concentratfans below detection limits.
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represent the extent of variation observed in radionuclide
concentrations in a given trench sampled multiply.

|

Asterisk (*) indier tes concentrations below detection limits.
i
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4. DISCUSSION

4.1. Mechanics of Leachate Formation and Development of Anoxia in Trenches

A combination of hydrological and geochemical factors determines to a
large extent the nature and amount of leachate produced in a trench at a given ;

site. In particular, at the Maxey Flats and West Valley sites, the waste
trenches are located in non-porous shale and glacial till of relatively low
hydraulic conductivity. Consequently, this leads to accumulation of rainwater
that infiltrates through the trench caps. Such stagnant accumulations of
water and eventual overflow at the Maxey Flats and West Valley sites have been
termed the " Bathtub Effect." Because of the relatively long residence time of
accumulated water in the trenches, prolonged leaching and microbial
degradation of buried waste materials occurs continually, leading to leachate
formation. As a result of such interactions for extended time periods, the
resultant trench leachates acquire geochemical properties which are unique
compared to ambient groundwaters. In contrast, Barnwell and Sheffield
trenches represent generally well-drained systems, where the infiltrated water
has a relatively short residence time and is not continually present in the
trenches, thus resulting in a different leachate geochemistry. The important
biogeochemical processes controlling formation and composition of trench
leachates are discussed in the following sections.

The development of anoxia observed in the waste trenches can be attri-
buted to redox conditions in the trench leachates largely controlled by micro-
bial degradation of organic matter present in buried wastes. A large fraction
of waste materials consists of unconsolidated organic wastes. Many components
of these materials are subject to both aerobic and anaerobic microbial degrad-
ation processes. The presence of both aerobic and anaerobic (sulphate
reducing, denitrifying, and methanogenic) bacteria has been reported in the
trench leachates at the Maxey Flats and West Valley sites (Francis, 1982;
1980).

Given the relatively stagnant leachate accumulations in the trenches at
these sites, the dissolved oxygen is consumed rapidly during aerobic decompos-
ition processes. Following depletion of all molecular oxygen, further de-
gradation of organic material occurs by anaerobic processes which represent
progressively lower Eh values as shown in Fig. 4.1 (Drever, 1982). The an-
aerobic degradation or organic matter involves denitrification, followed suc-
cessively by sulphate reduction and methane generation. During these aerobic
and anaerobic degradation processes, there is a continual production and
buildup of decomposition products such as carbon dioxide and ammonia which
causes the alkalinity, total aqueous 002, and ammonia contents of the trench
leachstes to increase. Concurrently, dissolved oxygen, sulphate, and nitrate
are consumed, resulting in negative redox potentials and the presence of sul-
phide in solution. Iron reduction contributes to high concentrations of dis-

2solved iron, primarily present as Fe + [Heaton and Dayal (1985); Dayal et al.
(1981)]. Methane generation fermentation reaction represents an advanced
stage of microbial oxidation of organic matter, following sulphate depletion,
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4 Figure 4.1. Approximate Eh values at which various redox reactions
occur in water at pH 7 and 25'C (after Drever, 1982).

and drives the redox potential to lower Eh values. In fact, methane is

reported to be present in several trenches at the Maxey Flats and West Valley
sites [ Weiss and Colombo (1980); Czyscinski and Weiss (1981)].

! 4.2 Redex 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 i

present that prevent changes in Eh during additions of small amounts of strong
oxidizing oc reducing agents (Drever, 1982). Figure 4.2 shows the change in ;

Eh upon decomposition of organic matter in fresh water containing sedimentary I
material. In the absence of solid phases such as Mn and Fe oxides, there is a j

2 /H S, following com-sharp drop in Eh to a constant value controlled by S0g 2 ;

plete depletion of all molecular oxygen. The Eh value remains constant until I

all the dissolved sulphete is consumed by the process of bacterial sulphate
reduction, 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 groundwater is appreciable, reactions _ involving nitro-
genous compounds such as denitrification (NO -/NH +) may provide some buf-3 g

2fering between the 0 /H O and S0g /H S redox levels. In the presence of2 2 2
iron and manganese oxides, reactions involving reduction of the solid oxide

2phases also provide buffering between the 0 /H O and S0g -/H S Pairs in the2 2 2
redox sequence (Fig. 4.2).
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Figure 4.2. Redox sequence based on decomposition of organic matter
in fresh water containing sedinentary matter (after
Drever, 1982). The lengths of the horizontal segments are
arbitrary, depending on the quantity and reactivity of
specific solid phases. pH is assumed 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 discussion above, we have only evaluated redox ' buffers for. rela-
tively uncontaminated systems involving organic matter and solutes in the
absence and presence of sedimentary material such as iron and manganese

i oxides. Considering the complexity of the solid phases and the solute chem-
istry of the trench leachates, it is difficult to establish unambiguously the
dominant redox buffers controlling the redox conditions in the trenches. How-
ever, plotting the leachate data on an Eh pH diagram showing the various
solid / solution boundaries representing the important redox buffers in a
groundwater system (Fig. 4.3), indicates that the redox levels of most Maxey
Flats and West Valley leachates (Region A) correspond to buffering by the

2
. Fe2 3O /Fe + and SO 2 jg S redox pairs, reflecting the presence of reactiveg 2

organic matter and relatively long residence times for infiltrated water in
the trenches. In contrast, the Barnwell and Sheffield leachates generally lie

2in Region B which appears to be buffered by iron reduction [(Fe(OH)3/Fe +
pair], indicating either the absence of metabolizable. organic matter in the
leachates or that their residence time is relatively short,

It has been reported that in complex aqueous systems, the measured redox
potential often represents a mixed potential and does not respond to a parti-
cular redox couple (Jackson and Patterson, 1982; Stumm and Morgan, 1981;
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Figure 4.3. Solid / solution boundaries showing the various redox
buffers in a groundwater system. Dashed lines delineate
Regions A and B showing the redox ranges for trench
leachates: (e) Maxey Flats; ( A), West Valley;
(A)Barnwell; and (D)Sheffield (adapted from Dreyer,
1982).

2 2O /Fe + redoxLindberg and Runnels, 1984). Assuming the S0g -/H S and Fe22 3
couples to be controlling the redox levels of Maxey Flats and West Valley
trench leachates and knowing the sulphate, bisulphide, and ferraus iron activ-
ities and the pH, we have obtained two sets of data, representing estimates of
leachate redox potentials based on the two redox buffers. Our calculations
show that although the estimated redox potentials are consistently lower than
the measured values for most trench leachates, the calculated redox potentials
still lie in Region A, indicating that the measured redox potentials are
fairly representative of the actual redox conditions in the Maxey Flats and
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2 2O /Fe + redox couples.- This is also consistentbased on the Sog /H S and Fe22 3
with the observation of complete sulphate depletion and methane generation in
several trenches at the Maxey Flats and West Valley sites.

4.3. Microbially-Mediated Charges in Major Ion Chemistry

The nature and extent of microbially-mediated changes in major ion
chemistry of trench leachates, relative to ambient groundwaters, are presented
in Tables 4.1-4.4 and displayed in Figures 4.4-4.7.

Table 4.1. Enrichment and depletion of leachate constituents
due to biodegradation in Maxey Flats leachates.

Enrichment / Depletion Factorsa

Leachate Alkalinity S0 g - NHg+b2

(x10 ) (10-3) (x10 )0 1

2(76) 3.4 5.2 c
7(76) 2.4 2.4d e
7(81) 2.5 628 7.5
18(76) 4.5 8.6 e
19s(76) 2.1 2.4d e

i 19s(81) 2.3 1.0d 4.5
23(81) 5.3 27 10
26(76) 2.9 2.4d c
27(Av) 'O.8 11. 7.0
27(81) 0.7 1.0d 12
30(79) 14 40 5.0
32(76) 5.9 5.2 c
33L4(78) 3.5 2.4d 1.8
33L4(81) 4.6 1.0d 2.6
33L8(81) 2.4 7.1 5.0
35(81) 5.0 1.0d 3.7
37(76) 0.3 3809 e

aEnrichment/ Depletion Factor = C /C , where Ct representst y

concentration of species in trench leachate and C , the averagew
well water-concentration as reported by Zehner (1983) for well UA3.

b etection limit of species in groundwater was used to calculateD

enrichment factors.
cLeachate not analyzed for ammonium.a

dDetection limits of species in leachate were used to calculate
depletion factors.
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Table 4.2. Enrichment and depletion of leachate constituents due to
biodegradation in West Valley trenches.

aEnrichment / Depletion Factors

2S0g
I) NHg+I)Leachate Alkalinity

I (x10- (x10(x10 )

2(77) 1.9 2.9b 23

3(78) 1.0 15. 30

4(77) 1.1 2.9b 7

5(78) 1.4 2.9b 18 -

9(78) 0.6 2.9b 8

8 Enrichment factor = C /Cw, where Ce represents concentration oft

leachate species and Cw, the groundwater species concentration as
represented by West Valley Spring Water.

bDetection limits of species in leachate were used to calculate
enrichment factors.

Table 4.3. Enrichment and depletion of leachate constituents due to
biodegradation in Barnwell trenches.

Enrichment / Depletion Factorsa

Leachate Alkalinity S0 2-

NHg+I)g
0 0 (x10(x10 ) (x10 )

6(80) 1.4 2.6 0.2
8(79) 9.8 2.0 3.0
8(80) 22 0.4 10

25/21(79) 1.3 3.3 1.3
25/21(80) 1.7 0.3 b 1.8

factor = C /C, represents concentration of leachateaEnrichment t
species and Cw, the well water species concentration as represented
by the well #6.

bDetection limits of species in leachate was used to calculate depletion
factors.

!
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Table 4.4 Enrichment and depletion of.leachate constituents
due to biodegradation in Sheffield leachates.

Enrichment / Depletion Factorsa

2Leachate Alkalinity S0g - NH +bg
0 0 I(x10 ) (x10 ) (x10 )

14A(79) 0.6 1.7 5.0
18(79) 2.7 4.0 9.0
18(82) 3.3 4.2 9.0

*

aEnrichment factor = C /C , where Ct represents concentrationt w
of leachate species and Cw, the well water species concentration as
reprssented by the well #525.

bDetection limit of species in groundwater was used as to calculate
enrichment factors.
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Figure 4.4 Ternary plot showing the nature and extent of modification
of infiltrated rainwater as a result of microbial
degradation processes in Maxey Flats trench leachates.
UA3 represents the composition of anbient groundwater.
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Figure 4.5. Ternary plot showing the nature and extent of modification
of infiltrated rainwater as a result of microbial
degradation processes in West Valley trench leachates.
GW represents the composition of ambient groundwater.
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Figure 4.6. -Ternary plot showing the nature and extent of modification
of infiltrated rainwater as a result of microbial ;

degradation process in Barnwell trench leachates. I
GW represents the composition of ambient groundwater..
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Figure 4.7. Ternary plot showing the nature and extent of' modification
of infiltrated rainwater as a result of microbial
degradation processes in Sheffield trench leachates.,

'

GW represents the composition of ambient groundwater.
i

. 4.4. Waste Leaching and Resultant Enrichment of Waste-Derived Constituents-
1

Water accumulations in the trenches lead to prolonged leaching of buried:
waste materials, thereby resulting in the presence and build up of various
waste-derived constituents in the leachates. The nature and extent of modifi-
cation of infiltrated water due to waste leaching is a' function of the quan-

j tity and characteristics of the waste and the residence time of accumulated-
i water. As a consequence, the resulting.1eachates exhibit enrichments, to

varying degrees, of waste-derived inorganic, organic, and radionuclide consti--:
,

tuents.associat, with fuel cycle and non-fuel cycle low-level wastes (Appen-
dix A).

'

4.4.1. Inorganic Constituents

Relative to ambient groundwaters, most trench leachates'are general'ly~

enriched to varying degrees in sodium, potassium, dissolved iron, dissolved
inorganic and organic carbon, and chloride (Tables 4.5-4.8). .Unlike Maxey

~

Flats and West Valley leachates, the Barnwell and Sheffield leachates also

Na+, K+gnificant enrichments in calcium and magnesium. -The enrichments of
show si

Cl , and other inorganic constituents.are also. reflected in high,
,

[ specific conductance of the leachates. Relatively low specific conductance is
:
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Table 4.5. Enrichment of leachate constituents, due to wastei

j leaching in Maxey Flats trench leachates.
I

aEnrichment Factors

teachate DOC .f DIC b,f Na+ K+ Mny .d y'T ,d Cl*h c c
3 3 8 0 0 2 8

(x10 ) (x10 ) (x10 ) (x10 ) (x10 ) (x10 ) -(x10 )

2(76) 3.4 2.5 2.3 2.8 8.0 4.0 4.4
7(76) 4.0 1.9 0.8 5.8 5.0 6.1 3.1

! 7(81) 12 2.0 7.1 14 19 1.6 36

! 18(76) 8.1 4.4 1.8 2.1 1.0 3.3 4.4

| 19s(76) 10 0.7 0.3 1.0 8.0 15 2.1

! 19s(81) 6.9 1.5 0.8 1.1 5.0 6.5 3.3
i 23(81) 13 4.7 2.8 3.4 1.0* 0.7 8.2

26(76) 15 3.4 0.8 1.6 7.0 6.5 4.1'

27(AV) 15 0.2 2.1 3.5 1160 125 67

27(81) 7.9 0.6 1.8 3.6 17 17 33

30(79) 4.2 14 3.3 1.8 3.0 1.0 2.8
i 32(76) 13 4.6 2.3 8.8 12 1.6 ' 5.3

33L4(78) 18 0.1 0.6 1.2 1.0' O.03 2.4
33L4(81) 24 0.02 0.6 4.2 1.0* 0.02 5.2
33L8 2.6 3.0 0.2 0.5 18 4.3 0.5'

; 35(81) 8.7 3.5 2.0 2.1 3.0 0.09 3.4
37(76) 53 0.2 2.3 0.8 420 110 2.6

aEnrichment factor = Cg/C ,, where Cg represents concentration of leachate
species and C ,, the well water . species concentration as reported by Zehner (1983)
for well UA3.

bDOC= dissolved organic carbon; DIC= dissolved inorganic carbon.
cMnT, FeT represent total dissolved manganese and iron, respectively. .

dDetection limits of species in groundwater were used to calculate enrichment factors.
' Detection limits of species in leschate were used to calculate enrichment factors.
f

,

Since C, was not available for these species in UA3 well water, UBIA well water
concentrations were used for calculating enrichment factors."

A

s

Table 4.6. Enrichment of leachate constituents, due to vaste
leaching in West Valley trench leachates.

r

Enrichment Factorsa
<

Constituents 2(77) 3(78) 4(77) 5(78) 9(78)
3Sodium (x10 ) 8.2 9.1 8.8 6.3 3.9

2
| Potassium (x10 ) 3.3 3.2 3.3 2.7 0.9

| Mny,d(x10) 1.0 3.0 5.0 23 2.03

Fe*f d(x10 )
2 0.7 2.8 4.1 27 2.9

Ij Chloride (x10 ) 3.9 11 18 6.8 0.7

Calcium (x10 )I)
1.7 3.6 4.3 7.I' 3.I'i

Magnesium (x10 4.4 3.6 3.2 4.0 - 3.0

- aEnrichment f actor = C /C,, where Ct represents concentration oft

. leachate species and C,, the groundwater species concentration as
! represented by the composition of West Valley Spring Water reported by

Cartwright and Ziarno (1980).

|
bDOC = dissolved organic carbon; DIC= dissolved inorganic carbon.
C nT, Fer represent total dissolved manganese and iron, respectively.! M
d

9
Detection limits of species in groundwater were used to calculate

! enrichment factors.
'No values available for the 1978 leachates so the values for the 1977

; leachates from the same trench were substituted.
! >

I
,
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ITable 4.7. Enrichment of leachate constituents due to waste ;

leaching in Barnwell trench leachates.
'

Enrichment Factorsa

Constituents 6(80) 8(79) 8(80) 25/21(79) 25/21(80)

b oDOC (xto ) 1.2 28 34 2.0 e
b oDIC (xto ) 1.3 22 43 6.3 3.0

0

Sodiun (x10 )I 1.9 5.8 8.0 2.5 0.7
Chloride (x10 ) 0.4 2.8 1.6 1.4 0.4

0

Calcium (x10 )1 3.5 8.5 21 5. 2 2.5
Magnesium (x10 ) 0.5 9.0 20 1.5 1.5

0Fer' (x10 ) 1.0 1.2 24 0.2 6.0

Mn$'*(x10) O.7 0.7 0.9 0.3 0.60

aEnrichment factor = C /Cv, where Ce represents concentration of thet
leachate species and Cv, the groundwater speciu concentration as
represented by the well #6.
bDOC = dissolved organic carbon; DIC= dissolved inorganic carbon.
CLeachate species not determined.

j dy*T represents total dissolved iron.
* Detection limit of species in groundwater was used to calculate

enrichment factors.,

9

Table 4.8. Enrichment of leachate constituents due to waste
leaching in Sheffield trench leachates.

* "" "Constituents

14A(79) 18(79) ga(g2)

DOCb (xtol) 3,3 g,7 g,9

b (xto )0
oDIC 0.6 2.7 3.9

Sodium (x10 ) 1)
1.4 1.9 2.2Pogassiug(x10 1.3 7.2 7.3MnT (x10 ) 8 5.5 c

Feh(x10)0
5.5 0.2 0.05'Chloride (xigo) 1.5 2.2 2.1

Calcium (x10 )0 0.7 2.6 3.0Magnesium (x10 ) 0. 5 2.7 3.7'

aEnrichment factor =C /C , where Cec v represents concentration of
leachate species and C , the well water species concentration.wb
DDC= dissolved organic carbon; DIC= dissolved inorganic carbon.

cLeachate species not determined.
dy*T MnT represents total dissolved iron and manganese, respectively.' Detection li it of species in leachate was used to calculate enrichmentm
factors.
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observed for some leachates, which are also depleted in the major inorganic
constituents, relative to ambient groundwaters. In addition to the principal
waste-derived inorganic constituents discussed above, there are several other
constituents such as Sr +, 3,2+, tg+, P0 3+2 F , and silica which are enrichedg ,
in the trench leachates (Dayal et al., 1984b). It is likely that elevated
concentrations of dissolved silica in some leachates are a result of the dis-
eolution of siliceous, diatomaceous earth filter waste, composed mainly of
emorphous silica.

The ternary plots in Figs. 4.8 to 4.11 summarize the nature and extent of
modification of infiltrated water as a result of leaching of buried waste
naterials in trench leachates at the disposal sites. The end components in
the ternary plot represent the principal suites of inorganic constituents
which are believed to be waste-derived, based on the discussion given above.

Relative to the anbient groundwater composition, the compositions of most
trench leachates from Maxey Flats reflect enrichment in the constituents
(Na + K + Cl + F + NO ) and depletion of (Ca + Sr + Ba) and Mg. Only3
leachates 33L4(78,81) and 33L8(81) are enriched in (Ca + Sr + Ba), depleted in
Mg and (Na + K + C1 + F + NO ), reflecting leaching of the cementitious grout3
matrix, which was used as a solidification agent for stabilizing liquid waste
slurries in these trenches. In contrast, 30(79) and 37(76) are the only
leachates which exhibit substantial enrichment of Mg and depletion of other
waste-derived components, with the overall composition approaching that of
ambient groundwater. Therefore, in terms of waste-derived inorganic consti-
tuents, leachates 30(79) and 37(76) appear to be the least modified relative
to ambient groundwater. The most pronounced modification 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).

As evident from Fig. 4.9, the West Valley leachates are generally
depleted in (Ca + Ba + Sr) and enriched in (Na + K + Cl + F + NO ), relative3
to ambient groundwater. In this respect, the extent of modification appears
to be most pronounced in case of leachate 3(78) and least in leachate 9(78).

Figure 4.10 shows that, compared to ambient groundwater, the Barnwell
leachates are enriched in (Ca + Sr + Ba) and Mg and slightly depleted in
(Na + K + Cl + F + NO ), with leachate 8(80) exhibiting the most pronounced3
modification in the composition of infiltrated rainwater as a result of waste
leaching. Note that both leachates 8(79) and 25/21(79) exhibit enhanced modi-
fications, relative to ambient groundwater, in subsequent 1980 samplings.
This may be a result of extended leaching due to longer period of leaching of
wastes. I

Compared to the modifications observed in the compositions of infiltrated
rainwater as a result of waste leaching at the Maxey Flats, West Valley, and
the Barnwell site, the Sheffield leachates exhibit the least modification,
relative to ambient groundwater.

|
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Figure 4.8. Ternary plot showing the nature and extent of modification
of infiltrated rainwater as a result of leaching of buried
waste materials in Maxey Flats trenches. UA3 represents the
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composition of ambient groundwater.
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Figure 4.9. Ternary plot showing the nature and extent of modification
of infiltrated rainwater as a result of leaching of buried
waste material in West Valley trenches. GW represent the
composition of ambient groundwater.
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Figure 4.10. Ternary plot showing the nature and extent of modification
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4.4.2. Organic Constituents

In most leachates, the dissolved organic carbon represents a major frac-
tion'of the total dissolved carbon. As shown in Tables 3.3 and 4.5 to 4.8 the
concentrations of dissolved organic carbon are significantly elevated relative
to ambient groundwaters. In particular, the Maxey Flats and West Valley
leachates are considerably enriched compared to Barnwell and Sheffield
leachates. Several of these lear. hates are enriched in dissolved organic car-
bon by more than two orders of magnitude, compared to the groundwater concen-
trations.

A wide variety of hydrophobid and hydrophilic organic compounds have been
identified in the trench leachates from the Maxey Flats and West Valley sites
(Tables 4.9, 4.10, 4.11). The types of compounds identified reflect to a
large extent the nature of the organic waste materials. Solvents or scintil-
lation fluids, such as p-dioxane, toluene, and xylene are present. Tributyl
phosphate is presumably derived from the process of solvent extraction of
metal ions from solution of reactor products. Chelating agents such as EDTA,
NTA, and DTPA are commonly used as chemical decontamination agents in power
plants and represent a major f raction of the total hydrophilic compounds in
most leachates. Some of these compounds as well as tributyl phosphate, methyl
isobutyl ketone, phthalates, aniline, and cyclohexylamine identified in the
trench leachates have the potential to form strong and stable radionuclide4

complexes and thus enhance radionuclide mobility (Dayal et al., 1984b). Many
of the hydrophilic organic compounds identified in the trench leachates,
especially the straight- and branched-chain organic acids, could be metabolic
products formed as a result of anaerobic degradation of organic wastes.

As shown in Fig. 4.12 and 4.13, the data also indicate that the concen-

tration ranges for total hydrophilic and hydrophobic constituents in the
various Maxey Flats and West Valley trench leachates are comparable and that
they are significantly lower than the total dissolved carbon concentrations,
indicating that a large fraction of the organic carbon in solution remains
uncharacterized and most likely constitutes high molecular weight organic
compounds such as humic and fulvic acids.

~

4.4.3. Dissolved Radionuclides

The 1977 survey radionuclide data (Dayal et al., 1984b; Weiss and
Colombo, 1980) and the decay corrected average radionuclide data based on
multiple trench samplings during the period 1976-1982 show that substantial
amounts of H-3, Co-60, Sr-90, Cs-137, and Pu isotopes (Pu-238, Pu-239,240) are
found in most trench leachates. In many leachates, Cs-134 and Am-241 are also
present. In addition, Na-22 dnd M'n-54 are observed in several leachate
samples. The data' also indicate considerable inter- as well as intra-trench
variability in radionuclide concentrations. Leachates sampled from the same
trench but different sumps invariably exhibit significant differences in
radionuclide concentrations. As shown in Figs. 3.5-3.8, the Maxey Flats and
West Valley leachates exhibit generally higher concentrations of radionuclides
than the leachates sampled at the other two sites.
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Table 4.9. Hydrophobic organic compounds in Maxey Flats trench leachates.*
|

| . Concentration (ad/L)s

i Rydrophobic Organic Compounds 19s(76) 19s(79) 26(76) 27(76) 27(79) .30(79). 32(76)- 32(79) 33L4(78)
!

- Carboxvite acids 25 6.9 42 22 14 5.6 64 7.9 35

tentoic acid 0.22 1.2 0.22 0.24 1.9 0.59 :'

C6 acida 0.35 0.26 0.66 0.16 1.8 1.1
b 0.14 b n.80C8 acids 1.4 2.1

.3.4 17 9.7 1.1 4.8 3.2 272-Ethylhenanote acid 5.6 1.9
Maxenote acid a.5 1.9 1.2 0.64 4.7 ' 2.0
16chutyric acid 2.0 -
2-Mathylbutanate acid 4.6 0.52 19 0.98 0.60 13 *

j 3-Methylbutanetc acid 1.8 0.80 0.48 0.76 5.8 1.6
2-Mathylhexanoic acid 1.5 0.33 1.2 0.40 0.24 3.2 0.57 0.30'
2-Methylpentanote acid 4.2 0.45 4.0
3 *sthylpentanote acid 3.1 0.67 3.6 1.4 0.98
2-Methyloropionic acid 0.40 0.12 0.24
nonenote acid 0.08

. Octanoic acid 0.36 0.64 0.10 1.3 0.20 0.39
Pentanoic acid 4.6 4.7
Phenylacette acid 0.56 0.34 1.5 0.08 0.16 3.4 0.25

- Pheny1hexancie acid b b b b b b
' Pheny1 propionic acid 1.2 1.3 0.56 0.50 9.8 0.70

Tolute acid 2.7 2.1
,

5 Vslerie ecid 2.0 0.2A 1.3 -

1 Eatera 0. 54 0.45 0.29 0.36 0.30
Triethyl phosphate 0.38 0.18 b 0.29
Tributyi phosphate 0.16 0.17 0.36 0.30

Nyd rocarbons 3.0 9.6 3.8 3.6 0.62 7.8 2.6 0.39
Alkanes (C10-C36)
Dimethyl naphthalene
Naphthalene 0.12 0.03 0.28 0.15 0.06 ' O.28 0.07 ,

Toluene 2.9 9.5 3.5 3.4 0.56 7.0 2.4 0.39
Xylene b 0.03 0.48 0.13

Alcohels 2.9 0.10 0.31 0.23 0.19 0.73 - 1.1 '
Cyclohexanol 2.9 0.10 0.24 1.1
Distbylene glycol b b
Ethylene glycol b b b b b
2-Ethyl-1-Hexanol 0.23 0.17 b
a-Tarpineel 0.31 0.49,

Phenola 2.9 1.2 2.0 1.1 0.79 - 5.4 0.36 9.1
Cresol isons 2. 9 1.2 2.0 0.70 0.56 4.2 0.28- 0.28 ,

Phenol 0.V4 'O.40 0.23 1.2 0.08 - ' O.20
"

Vanillan 8.6

Katones and Aldehytes 0.59 0.20 1.8 0.08 1.1
* Camphor b b b

Cyclohexanone 1.1
Dibuty1 ketone b b
Fanchone 0.03 b b 0.08

i Methy11sobutyt ketene 0.56 0.20 1.8

Total 34 19 48 27 '88 6- 78 11 -47*

d *Results of trench teachates 2(76), 7(76).1 A(76). 37(76) and well water ITRI A(79) are reported elsewhere (Weiss and Calenbo,
j 1980). However cualitative analysis revealed the presence of einitar hydrophobic organic constituents in those teachates.

8 selfic Northwestern 1.aboratories (PNL) identified several heterocyclic hydrophohic compounds in leachates 7(81).19s(81.82).P

23(81). 27(81.82) and 35(81). The following compounds were reportedt Barbital, nenxofuran. Benrothiazol. 2(3H) bensothiazalone,4

j'
Detailed analysis of leachate 27(4/81) revealed the presence of several hydrocarbon and . hydrocarbon halide classes of
esffeine caprolactas. 1.3-dihydro-2H-indol-2-one, p-diomane, nicotine, pentabarbital piperidinene, and tetrahydrofuren.

compounds. Further details are 31ren elsewhere (Kirby et al.,19A4).
h

j Compounds were identified but not enantified; blank spaces indieste compounds not detected.

) .

'
,,

,

- . -

53 ')
J
l

4.- ,

l7

_ _ _a . , _ . - - - . -._ _-- - _ _ _ , - _ - . . -



1

|
1

]

I

Table 4.10. Hydrophilic organic compounds in Maxey Flats trench leachates.*

Concentration (ag/L)a

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

Chelating agents 6.2 23 29 1.2 0.40 0.08 0.87
Ethylenediaminetetraacetic

acid (EDTA) 5.0 12 4.9 0.96 0.40 0.08 0.87
N-Hydroxyethylethylene-

diaminetriacette acid (HEDTA) 8.4 20
Ethylenediaminetriacetic acid

(ED3A) 1.2 2.2 3.9 0.21

Dicarboxylic acida 2.9 0.56 0.45 0.35 2.6 0.38 2.2
Oxalle acid
succinic acid 0.35 0.03 0.04 0.08
Methylsuccinic acid 0.19 0.02 0.02 0.23
Pentanedioic acid 0.25 0.04 0.05 0.41
Hexanedioic acid 1.6 0.22 0.24 0.17 0.45 0.10 0.83
Methylhexanedioic acid 0.31
Octanedioic acid 0.78 0.06
Nonanedioic acid 0.46 0 .34 0.21 0.09 1.4 0.11 0.31

Monocarboxylic acids 0.03 0.17
Dodecanote acid
Hexadecanote acid 0.06
Nondnoic acid
Octadecanoic acid 0.03 0.11

0xygenated acids 2.7 0.03 0.04 0.19
Citric acid
4-Oxo-Pentanote acid 2.7 0.03 0.04 0.19

Aromatic acids 1.9 0.44 0.90 0.08 0.03 2.0
Benzoic acid
2-Hydroxybenzoic acid 0.03
1,3-Benzenedicarboxy11e acid 0.36 0.28 0.44 0.08 0.88
1,4-Benzenedicarboxylic acid I.2 0.16 0.46 1.1
1,2,4-Benzenetricarboxylic acid 0.31
Pentafluorobenmote acid

Phthalate esters 8.8 3.0 1.8 1.2 0.10 15
Dibutyi phthalate
Dimethyl phthalate 8.8 2.8 1.7 0.39 0.10 14
Methyl phthalate 0.21 0.11 0.01 0.87
Dioetyl phthalate 0.85

Total 22.5 27 32 3.0 3.0 0.8 20

* Methylated (BF / Methanol) acids identified as methyl esters; analysis conducted by PNL; samples collected by BNL.3

aNo entry indicates compound is below detection levels.
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Table 4.11. Hydrophobic organic classes of compounds in West Valley
trench leachates.

Concentration (mg/L)a

Class of Compounds 2(77) 3(78) 4(77) 5(78) 8(78) 9(78)

Carboxylic acids 0.4 297 28 490 849 264
Esters 0.0 0.6 0.1- 0.7 0.8 b

! Sulfonamides
Hydrocarbons 3.4 0.9 22 6.6 2.1
Alcohols 8.4 0 11 5.0 5.0

Phenols 0.1 5.8 1.1 12 5.8 10

Ketones 0.3 ' 0.1 <0.1
Amines
Ethers

Total 0.5 316 30 536 867 281

aNo entry indicates compound is below detection limits.
bIdentified but not quantified.;

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 leachable nature of H-3 pre-
sent in waste materials, including the stabilized wastes in "L" series
trenches at the Maxey Flats site. Chemically bound as HTO, tritium is the
most mobile radionuclide among those identified in the trenches. Because of
its relatively non-reactive nature, tritium behaves conservatively.and couldi

serve as an inert tracer for evaluating 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
determined by the reactivity and quantity of waste materials, the leaching
behavior of the radionuclides, and the redox and chemical environment of the
trenches. For example, most leachates sampled from "L" series trenches at the
Maxey' Flats site invariably exhibit immeasurably low concentratio s of Cs-137,
Cs-134, Co-60, and Am-241. This is undoubtedly a result of stabi.ization of~
liquid waste slurries disposed of in these trenches. In case of trenches 33L3
and 33L18, however, the liquid wastes were stabilized _with urea formaldehyde
(UF). Earlier work at BNL has shown that leaching of UF generates a consider-
able amount of acidity (Czyscinski and Weiss, 1981). The pH of the leachates
was observed to be around 2.0 pH units. As a result of such.strongly' acidic
conditions in these trenches, leaching of waste materials is rather intense, ;

igiving rise to high concentrations of waste-derived radionuclide
constituents.

:
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The high concentrations of dissolved organic constituents as discussed
above in Section 4.4.2, especially the complexing agents, also tend to keep
the radionuclides, such as the Pu isotopes and Co-60, in solution and thus
raise their concentrations in solution as well as make them more mobile (Kirby
et al. ,1984; Cleveland and Rees, 1981; Dayal et al., 1986b; Dayal et al...
1984b; Means et al., 1978; Polzer et al., 1984; Swanson, 1983). In addition,
despite the observed anoxia in the trenches, the presence of inorganic com-
plexing agents such as carbonate may keep the actinides in solution and
increase their migration potential (Allard, 1982). Because of the heteroge-
neous and highly reactive nature of the waste materials, it is-difficult to

'
establish even qualitatively a direct relationship between radionuclide con-
centrations, organic and inorganic complexing agents, and varying degrees of

f anoxia observed in the various trench leachates.

4.5 Saturation States and Precipitation Reactions

In addition to waste leaching and microbial degradation reaction controls
on trench leachate compositions, the leachate solutes are also subject to
abiogenic precipitation reactions, especially in relatively stagnant systems
such as those at Maxey Flats and West Valley trenches where the products of
waste leaching and microbial degradation are continually generated and subseq-
uently accumulate. To evaluate equilibrium controls on leachate chemistry,
WATEQF geochemical code' (Plummer et al., 1983) was used to calculate satura-;

tion states of trench leachate solutes with respect to selected mineral phases
likely to be present.

In the solubility calculations, total titration alkalinity was assumed to
be equal to carbonate alkalinity. Only carbonate, sulphate, phosphate, fluo-
ride, sulphide, and oxide mineral phases have been considered. Ideally,Lsuch
solubility calculations should be done in conjunction with direct analysis of
particulate matter in leachate or sediment for detailed chemical or mineralog-
ical composition, especially for the sulphide, oxide, and carbonate phases.-
However, in the present study, the main emphasis was placed-on solute chem-
istry. No attempt was made to characterize the particulate solid phases.

In Table 4.12 we have presented the mineral solubility products-(Ksp)
and the reactions used in the WATEQF program code to calculate ion activity
products (IAPs). Tables 4.13 to 4.16 and Figs. 4.14.to 4.17 show the-

j calculated saturatio1 indices (Log IAP/KT) for the selected carbonate,
sulphate, phosphate, fluoride, sulphide, and oxide minerals 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 saturation index values
due to uncertainties in the values of mineral solubility products.

The solubility calculations indicate that because of strongly reducing
conditions Maxey Flats and West Valley leachates tend to show saturation with

2 2 2calcite, dolomite, and rhodochrosite, implying that the Ca +, Mg +, Mn +, and
_

CO 3 CO
~

phases. ,ncentrations appear to be controlled by precipitation of these mineralThe saturation with respect to the carbonate = phases is caused by the
high carbonate concentrations resulting from the generation of CO2 during

58
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Table 4.12. Solubility products at 25"C and 1 atm for
selected mineral phases.

Solubility Producta
Reaction (log Ksp)

2Ca + + C0 - -8.5CACO 3 (Calcite) 3

2 2 2-CaMg(C0 ) 2 (Dolomite) Ca + + Mg + + 2C0 -16.93 3

2Fe + + CO - -10.5FeC0 3 (Siderite) 3

Mn + + C0 2-2 -10.5MnC0 3 (Rhodochrosite) 3

Ca + + S0 2 + 2H O -4.82CaS0g.2H O (Gypsum) g 22

Ba + + S0 2-2 -10.1bas 0g (Barite) g

2
CaF2 (Fluorite) Ca + + 2F- -12.3

3Fe + + 2P0 3 + 8H O -36.02Fe 3(P0g) 2 8H O (Vivianite) g 22
~

2 2FeS2 (Pyrite) Fe + + 2S - -18.6

2 2FeS (Amorphous) Fe + + 3 - -16.9b
2 2FeS (Mackinawite) Fe + + 3 - -17.5b
3Fe(OH) 3 ( Amorphous) Fe + + 30H- -17.9

3Fe + + 30H- -13.5Fe00H (Goethite)

aThe K values are reported by Plummer et al. (1983).sp
bThe K values for amorphous FeS and mackinawite are those reported by

Aller (1980).
s

2microbial degradation of organic matter. High Mn + concentrations are presum-
ably a result of the reduction of manganese oxide phases during anaerobic
degradation process (Aller, 1980; Dayal et al., 1981; Heaton and Dayal, 1985).
The Barnwell and Sheffield leachates, on the other hand, generally show
distinct undersaturation, indicating the importance of redox conditions and
alkalinity in carbonate equilibria.

As expected, most trench leachates exhibit undersaturation with respect
to gypsum. This is not surprising, considering that sulphate concentrations
are low due to the bacterial sulphate reduction process. In Maxey Flats

2leachate 37(76), however, the Sog concentration appears to be controlled by
gypsum solubility. It should be recalled that this is the only leachate
sample that contains considerably high concentration of sulphate (8000 mg/L).
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Table 4.13. Ratios of ion activity produe.ts to mineral solubility constants (log IA"/rT) for Maxey
Flats leachates.",

Isachate Calcite Dolomi te Sidertte Rhndachrnette Cypsum Marite Fluor t t e Vivinnite Pyrtte FeS ( Am) Machin*wite

2(76) -0.33 0.004 I.74 -n.lg -3.05 -1.27 2.79

7(76) 0.44 0.89 2.06 -0.21 -2.46 -0.62 3.39

7(81) 0.51 1.49 1.57 0.59 -0.83 1.75 2.33 2.18 -10.9 0.80 1.40

18(76) -0.25 0.81 2.09 -I.22 -3.27 -1.71 2.80

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

19e(81) -0.50 -0.42 1.49 -0.74 -3.68 -0.67 0.25 2.14 0.97 6.87 7.47

23(81) 0.09 1.69 1.81 -0.27 -2.97 0.56 -0.39 I.81 -12.5 -10.2 0.41

en 26(76) -0.23 0.41 2.03 -0.11 -3.08 -3.87 3.13
0

27(Av) 0.75 -1.26 1.40 0.48 -3.00 0.15 -0.42 2.10 9.92 9.04 9.64

27(81) -0.21 -0.005 1.51 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 1.04 -4.46 -0.57 -25.7 -9.90 -9.30

32(76) 0.82 2.34 2.10 0.69 -2.86 -1.05 2.43

33L8(81) -0.34 -1.05 0.92 -0.59 -2.08 0.16 0.79 0.09 -25.7 -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

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

8No entry indicates data not available.



Table 4.14. Ratios of ion activity products to mineral solubility constants (log IAP/KT) for West Valley
leachates."

Leachate Calcite Dolomite Siderite Rhodochrosite Gypsus Barite Fluorite Vivianite Pyrite FeS (Am) Fackinawite

2(77) -1.11 2.81 2.24 -0.12 -3.26 -0.17 0.27 2.89 10.5 9.R 10.5

3(78) 0.78 1.75 2.17 -0.16 -2.23 2.37 -0.08 4.59 8.33 9.96 10.5

4(77) 0.80 1.70 2.25 -0.05 -2.88 2.60 -0.66 4.64 15.5 9.93 10.5

5(78) 0.58 1.08 2.66 0.13 -2.73 1.73 0.28 5.20 9.00 10.0 10.6

& 9(78) 0.22 0.66 1.72 -0.8A -2.A4 0.06 -0.08 4.55 7.30 9.16 9.76

aThe concentration of H S in the leachates was assumed to be 10~'mg/L, because of etrongly reducing conditions in the trenches.
2
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Table 4.15. Ratios of ion activity products to mineral solubility constants (log IAP/KT) for Barnwell
leachates.

.

Fe(OH)3
1.cachate Calcite Dolomite Siderite Rhodochrosite Cypsins Barite Fluo ri te Vivianite (Am) Coethite

_

6(80) -2.29 -5.38 1.70 -1.67 -2,29 1.19 -3.74 -4.04 1.25 7.98

8(79) -0.63 -1.32 -0.34 -0.49 -2.27 1.00 -3.57 -3.01 1.99 8.86

8(80) 0.75 1.37 2.10 0.51 -2.76 -0.12 -3.28 3.66 2.66 9.42

& 25/21(79) -2.22 -5.06 -4.62 -2.12 -2.09 1.39 -3.65 -13.9 1.04 7.89

25/21(80) -2.29 -4.89 -0.65 -2.37 -3.40 0.19 -3.86 -0.99 -0.35 6.30
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Table 4.16. Ratios of ion activity products to mineral solubility constants (log IAP/KT) for [

Sheffield leachates.a

Fe(OH)3
14achate Calcite Dolomite Siderite Rhodochrosite Gypsus Barite Fluorite Vivianite (Am) Goethite

ch
W 14A(79) -2.63 ~5.66 -1.53 2.27 -1.63 -3.18 -1.61 -5.92 -4.68 1.79

18(79) 0.22 0.25 -0.65 -0.22 -0.98 1.70 -2.87 -4.01 -0.13 6.40

18(82) 0.58 1.03 -1.18 -0.94 -1.31 -6.24 1.27 7.81

aNo entry indicates data not available.

.
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In the case of iron equilibria, all Maxey Flats and West Valley leachates
are generally distinctly supersaturated with respect to siderite, pyrite, and
iron monosulphides (amorphous FeS and mackinawite). Calculated supersatura-

2tions can be attributed to several factors: (a) Fe + is complexed by dis-
solved organic constituents; (b) the solubility products are incorrect; (c)

2other phases than carbonat,e formation are controlling Fe + concentrations.
Consideration of other iron phases indicates that in Maxey Flats leachates

2
! [23(81), 30(79), 33L8(81), and 37(76)] and most West Valley leachates Fe +

concentrations may be controlled by vivianite, a ferrous phosphate. It is
2quite conceivable that Fe + is complexed with organic chelating agents which

have been reported to be present in most Maxey Flats and West Valley
2leachates. The net effect of iron complexation would be to suppress the Fe +

activity and to increase its solubility. In contrast, since the Barnwell and
Sheffield trench leachates are relatively less reducing, these leachates are
undersaturated with respect to vivianite and supersaturated relative to the
iron hydroxide minerals, goethite and amorphous Fe(OH) 3*

i

In summary, solubility calculations based on trench leachate compositions
indicate that calcite, dolomite, and rhodochrosite mineral phases are likely
to form in the Maxey Flats and West Valley trench environments and exert con-

2 2 2trol on the concentrations of Ca +, Mg +, Mn +, and C0 2. In case of iron3
equilibria, gross supersaturations are found in these leachates with respect
to siderite, mackinawite, amorphous FeS, and pyrite. Because of relatively
mildly reducing conditions and correspondingly lower alkalinities, the
Barnwell and Sheffield leachates exhibit undersaturation with respect to car-
bonate phases and supersaturation with respect to the iron oxide minerals.1

2 4.6 Contrasting Geochemistries of Trench Leachates

A combination of hydrological and geochemical factors determines to a
large extent the mechanics of leachate formation, evolution of leachate com-
positions, and development of anoxia in the waste trenches. These, in turn,
are reflected in the resultant contrasting leachate geochemistries observed
for Maxey Flats and West Valley and for Barnwell and Sheffield sites.

For example, the Maxey Flats and West Valley trenches are excavated in
shalo and glacial till of relatively low hydraulic conductivity which results
in accumulation of rainwater that infiltrates through the trench caps.

| Because of the relatively long residence time of accumulated water in the
trenches at these sites, prolonged leaching and microbial degradation of
buried waste material occurs continually, leading to leachate formation. As a -

result of such interactions for extended time periods, the resultant trench
leachates acquire geochemical properties which are unique compared to ambient
groundwaters.

In contrast, the Barnwell and Sheffield trenches represent generally
; well-drained systems, where the infiltrated water has a relatively short resi-

dence time and is continually not present in the trenches, thereby

,

i
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resulting in leachate goochemistries which are not modified, compared to
ambient groundwaters, to such an extent as the Maxey Flats and West Valley6

leachates are.

The development of anoxia observed in practically all the,, trenches at the
sites can be attributed to redox conditions in the trench leachates largely

controlled by microbial degradation of organic matter present in waste mate-
rials. A large fraction of buried waste in the trenches consists of unconsol-
idated organic wastes. Many components of these materials are subject to both
aerobic and anaerobic microbial degradation processes. As a result of aerobic
degradation processes, the dissolved oxygen present in the trenches is con-
sumed rapidly. Following depletion of all molecular oxygen and concurrent
development of anoxia in the trenches, further degradation of organic material

i occurs by anaerobic processes which involve denitrification, followed succes-
sively by sulphate reduction and methane generation. During these aerobic and
anaerobic degradation processes, there is a continual production and buildup
of decomposition products such as carbon dioxide and ammonia, thereby
resulting in elevated concentrations of alkalinity, total aqueous CO , and2;

ammonia in trench leachates. Concurrently, dissolved oxygen, nitrate, and

j sulphate are consumed successively, depleting the leachates in these constit-
uents.

] Figure 4.18 illustrates the contrasting character of trench leachates in
3 + C0 ) , NH g , and S0g] from! terms of microbial degradation products [(HCO 3

J Maxey Flats and West Valley and Barnwell and Sheffield sites, reflecting the

i nature and intensity of the microbial degradation processes. Given the
i relatively stagnant water accumulations in the trenches at Maxey Flats and

West Valley, the leachates from these sites reflect considerably greater
i modification of infiltrated water than those from the Barnwell and Sheffield
"

sites. Besides the development of anoxia in the trenches, the Maxey Flats and
West Valley leachates are generally characterized by high alkalinity and
ammonia concentrations, depletion of sulphate, and negative redox potentials,

,

j as well as high concentrations of dissolved iron and manganese, present
2 2

; primarily as Fe + and Mn +. In addition, methane generation fermentation
j reaction, representing an advanced stage of anaerobic degradation processes,

is also reported to occur as evidenced from the detection of methane in
,

j several trenches at these sites. All these characteristics point to strongly
reducing chemical conditions in the Maxey Flats and West Valley trenches.;

!

; In contrast, although the Barnwell and Sheffield leachates exhibit a fair
i degree of anoxia and some alkalinity and ammonia enrichments, no significant

sulphate depletion relative to ambient groundwaters, is observed, indicating
,

that the anaerobic degradation processes in these trenches are not as advanced
,

j as those reflected by the leachate characteristics of the Maxey Flats and West

i Valley trenches. This is also evident from the higher redox potentials
j measured for the Barnwell and Sheffield leachates.
,

The modifications in ambient groundwaters, as a result of waste leaching,,

i are shown in Fig. 4.19. Generally, the modifications observed in Maxey Flats
and West Valley leachates are considerably more pronounced than those observed

.
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in Barnwell and Sheffield leachates. This can be attributed to the relatively
long residence time of accumulated water in the trenches at the Maxey Flats
and West Valley sites, thereby, resulting in continual leaching of waste mate-

| rials for an extended time period and subsequent buildup of dissolution pro-

| ducts. The prolonged leaching of waste materials in the Maxey Flats and West
Valley trenches is also reflected in generally higher concentrations of radio-
nuclides in these leachates than those from the Barnwell and Sheffield sites.
Several Barnwell leachates exhibit immeasurably low concentrations of Co-60,
Sr-90, Cs-134, 137, and the Pu isotopes. Data on specific conductance, ionic
strength, total dissolved solids, and dissolved organic carbon, displayed in
Fig. 4.20, also show the same general trend. The solubility calculations,
based on trench leachate compositions, indicate that because of strongly
reducing conditions in the trenches at Maxey Flats and West Valley calcite,
dolomite, and rhodocrosite mineral phases are likely to form in these trench

2 2 2environments and exert control on the concentrations of Ca +, Mg +, Mn +, and
C0 . In the case of iron equilibria, gross supersaturations are found in3
these leachates with respect to siderite, mackinawite, amorphous FeS, and

,

pyrite. In contrast, because of relatively mildly reducing conditions and'

correspondingly lower alkalinities, the Barnwell and Sheffield leachates

j exhibit undersaturation with respect to the carbonate phases and
supersaturation with respect to the iron oxide minerals. These calculations
show the importance of contrasting leachate geochemistries, especially redox
conditions and alkalinity, in carbonate equilibria.

The acid-generating potential and buffering capacity of a leachate are
important geochemical controls that maintain a balance between acidity and
alkalinity which, in turn, determines to a large extent the reactivity, parti-
tioning, cycling, and mobility of radionuclides along a redox gradient. In

this respect, the Maxey Flats and West Valley leachates generally represent
well-buffered systems and exhibit high acid-generating potentials, whereas the
Barnwell and Sheffield leachates are characterized by relatively low buffering
capacities and acid-generating potentials.

5. RELEVANCE OF RESEARCH FINDINGS TO NRC NEEDS

1

Modeling of low-level radioactive waste disposal sites is an important |
1consideration in evaluating the capability of future sites to conform with

10CFR61 of federal regulations code. In this respect, the BNL study on char-
acterizations of trench leachates from existing low-level waste disposal sites
in the eastern United States deals directly with defining the source term
under a range of hydrological and geochemical conditions. In addition to pro-
viding information on source term characteristics, the BNL study is unique in
that it represents the first detailed geochemical investigation of the sites'

which attempts to evaluate, based on trench leachate data, not only the fate
and behavior of waste materials in a natural setting but also the effects of
disposal of unsegregated, unstabilized, and poorly packaged waste on trench
environments.

This study has provided an understanding of the importance of hydrologi-
cal and geochemical factors in controlling the mechanics of leachate forma-

'
tion, evolution of leachate compositions, microbial degradation of organic
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waste and development of anoxia in the trenches, and nature and extent of
leaching of waste materials. The varying degrees of the intensity of these

j processes in the trenches, as determined by the different site characteris-
tics, are clearly reflected in the contrasting leachate geochemistries of
Maxey Flats and West Valley trenches, as compared to those of Barnwell and

i Sheffield trenches. These are important geochemical considerations which not
only define the source term but also shed light on the nature and extent of
oxidation-induced changes that are likely to occur along a redox gradient out-
side of the trench environment. For example, the acid-generating poteatial
and buffering capacity of strongly anoxic chemically reducing source terms are,

important geochemical controls that maintain a balance between acidity and
alkalinity which, in turn, determine the reactivity, partitioning, cycling,
and mobility of radionuclides along a redox gradient. Thus, it follows that
the modifications likely to occur in the extra-trench environment could very

j well result in a drastically different source term geochemistry and that they
i

are direct functions of the initial geochemical character of the source term,
which implies that, in addition to radionuclide data, other characteristics
such as the redox potential, buffering capacity, acid-generating potential,
dissolved iron concentration, and organic con =rituents should be known to
effectively use the source term as an input parameter for modeling.

i
'

Unsegregated, poorly packaged, and unstabilized wastes, which were buried
at the sites, are readily leachable and biodegradiule. Especially at the
Maxey Flats and West Valley sites, where the infiltrated water accumulated in

!-
the trenches leading to a bathtub effect, the relatively long residence time
of accumulated water results in continually intense leaching and microbial

! degradation of waste materials for extended time periods. The net effect of
these degradation processes with time is development of large void spacesi

| within the trenches and subsequent trench cap subsidence, followed by
1 increased infiltration and accumulation of water in the trenches. This, in
'

turn, contributes to a greater potential for leaching, mobilization, and
j migration of radionuclides. Some of the organic complexing agents present in
/ unsegragated waste have the potential to form stable radionuclide complexes,

thereby resulting in enhanced nuclide mobility. Furthermore, because of the
' extreme heterogeneity of the unsegregated waste, both in character and compos-

ition, the source terms are highly variable from one trench to another, or
even within the same trench.

4

j The problems associated with disposal of unsegregated, poorly packaged,
and unstabilized wastes, especially at the Maxey Flats and West Valley sites,

; have helped establish the consequences of past disposal practices and site
; characteristics on waste package performance, the trench environment and sta-

bility, source term characteristics and variability, leaching and microbial
degradation of waste materials, and radionuclide behavier and mobility.
Although the current disposal procedures are much improved from those prac-i

! ticed in the past, it is likely that several of these factors, conditions, and
processes observed by BNL at these sites can be expected to occur at future'

shallow land burial sites.
;

i

'
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The observations made at the existing sites have important implications
for site selection and disposal of low-level radioactive wastes at future
shallow land burial sites in that waste package requirements will include
waste segregation, improved stabilization, and proper packaging. In accor-
dance with current disposal procedures, stabilized, packaged waste not only
ensures trench stability but also decreases the rate and extent of leaching
and microbial degradation of waste materials. In addition, the uncertainties
in the source term are considerably reduced. Furthermore, to avoid water
accumulations in the trenches, future sites will most likely be located in
relatively well-drained systems, such as that represented by the Barnwell
site, where the residence time of accumulated water in the trenches is rela-
tively short.

Many of the current waste package requirements and site selection crite-
ria outlined in 10CFR61 for the shallow land disposal of low-level radioactive
wastes are based on lessons learned from experiences at existing shallow land
burial sites.

6. SUMMARY AND CONCLUSIONS

The major features of this study involving geochemical characterizations
of trench leachates from existing low-level radioactive waste disposal sites
are highlighted in this section. The relevance of these research findings to
NRC needs is also summarized.

This study has provided an understanding of the importance of hydrolog-
ical and geochemical factors in controlling the mechanics of leachate forma-
tion, evolution of leachate compositions, microbial degradation of organic
waste and development of anoxia in the trenches, and nature and extent of
leaching of waste materials. The varying degrees of the intensity of these,

processes in the trenches, as determined by the different site character-
'

istics, are clearly reflected in the contrasting leachate geochemistries of
Maxey Flats and West Valley trenches, as compared to those of Barnwell and
Sheffield trenches. These are important geochemical considerations which not
only define the source term but also shed light on the nature and extent of
oxidation-induced changes that are likely to occur along a redox gradient out-
side of the trench environment.

The Maxey Flats and West Valley trenches are excavated in shale and
glacial till of relatively low hydraulic conductivity which results in
accumulation of rainwater that infiltrates through the trench caps. Because
of the relatively long residence time of accumulated water in the trenches at
these sites, prolonged leaching and microbial degradation of waste materials
occurs continually, leading to leachate formation. As a result of such
interactions for extended time periods, the resultant trench leachates acquire
geochemical properties which are unique and considerably modified compared to
ambient groundwaters.

The Barnwell and Sheffield trenches, on the other hand, represent
generally well-drained systems, where the infiltrated water has a relatively

74



short residence time and is continually not present in the trenches, thereby
resulting in leachate geochemistries which are not modified, compared to
ambient groundwaters, to such'an extent as the Maxey Flats and West Valley
leachates are.

The development of anoxia observed in practically all the trenches at the
sites can be attributed to redox conditions in the trench leachates largely
controlled by microbial degradation of organic matter present in waste mate-
rials. As a result of aerobic degradation processes, the dissolved oxygen
present in the tre,ches is consumed rapidly. Following depletion of all mole-
cular oxygen and concurrent development of anoxia in the trenches, further
degradation of organic material occurs by anaerobic processes which involve
denitrification, followed successively by sulphate reduction and methane gen-
eration. During these degradation processes, there is a continual production
and buildup of decomposition products such as carbon dioxide and ammonia,
thereby resulting in elevated levels of alkalinity, total aqueous CO , and2
ammonia in trenches. Concurrently, dissolved oxygen, nitrate, and sulphate
are consumed, depleting the leachates in these constituents.

Given the relatively stagnant water accumula'tions in the trenches at
Maxey Flats and West Valley, the leachates exhibit strongly anoxic, reducing
conditions, as reflected by negative redox potentials, depletion of dissolved
oxygen and sulphate, high alkalinity and ammonia concentrations, as well as

2high concentrations of dissolved ~ iron and manganese, present primarily as Fe +
2and Mn +,

Although the Barnwell and Sheffield leachates exhibit a fair degree of
anoxia, as reflected in depletion of dissolved oxygen and some alkalinity and

amdyalaenrichments,nosignificant sulphate depletion relative to ambient
gro>indwaters is observed, indicating that the anaerobic degradation processes
are not as advanced as those reflected by the leachate characteristics of
Maxey Flats and West Valley trenches. This is also evident from the rela-
tively higher redox potentials measured for the Barnwell and Sheffield
leachates.

The modifications in ambient groundwaters, as a result of waste leaching
processes, are also reflected in contrasting character of leachate geochem-
istries. The enrichments, to varying degrees, of inorganic, organic, and
radionuclide constituents associated with fuel cycle and non-fuel cycle LLW
reflect not only the nature of the leaching process and reactivity and amount
of waste materials but also the differences in the site characteristics.

Relative to ambient groundwaters, the trench leachates are generally
enriched in Na+, K+, FeT, MnT, Cl , dissolved organic and inorganic carbon
and several organic compounds, as well as radionuclides such as H-3, Co-60,
Cs-134, Cs-137, Sr-90, Pu-238, Pu-239, -240, Am-241, attributable to leaching
of waste materials. Because of the relatively long residence of accumulated
water in the trenches at Maxey Flats and West Valley leading to prolonged
leaching of waste materials and subsequent buildup of dissolution products,
the Maxey Flats and West Valley leachates exhibit modifications which are

75
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j generally considerably more pronounced than those observed in the Barnwell and
i Sheffield leachates. This is also reflected in generaly higher values for

specific conductance, ionic strength, and total dissolved solids in Maxey
*

Flats and West Valley leachates.

The solubility calculations indicate that because of strongly reducing <

conditions in the trenches at Maxey Flats and West Valley calcite, dolomite,
i and rhodochrosite mineral phases are likely to exert control on the concentra-

2 2tions of Ca +, Ng +, Mn +, and CO ~ In case of iron equilibria, gross.

j supersaturations are found in these leachates with respect to siderite,
j mackinawite, amorphous FeS, and pyrite. In contrast, because of relatively

mildly reducing conditions and correspondingly lower alkalinities, the;

i Barnwell and Sheffield leachates exhibit undersaturation with respect to the
I carbonate phases and supersaturation with respect to the iron oxide minerals.
l. The calculations show the importance of contrasting leachate geochemistries,
! especially redox potential and alkalinity, in carbonate and iron equilibria.
;

i The acid-generating potential and buffering capacity of a leachate are
'

important geochemical controls that maintain a balance between acidity and
alkalinity which, in turn, determines to a large extent the reactivity, par-
titioning, cycling, and mobility of radionuclides along a redox gradient. In,

J this. respect, the Maxey Flats and West Valley leachates generally represent
I well-buffered systems and exhibit high acid-generating potentials, whereas the
| Barnwell and Sheffield leachates are characterized by relatively low buffering
! capacities and acid-generating potentials.
!

; The problems associated with disposal of unsegregated, poorly packaged,
and unstabilized wastes, especially at the Maxey Flats and West Valley sites,
have helped establish the consequences of past disposal practices and site-,

; characteristics on waste package performance, the trench environment and
| stability, source term characteristics and variability, leaching and microbial
I degradation of waste materials, and radionuclide behavior and mobility.
i
'

The observations made at the existing sites have important implications
for site selection and disposal of low-level radioactive wastes at future

j shallow land burial sites in that waste package requirements will include
; waste segregation, improved stabilization, and proper packaging. In accor-
j dance with current disposal procedures, stabilized, packaged waste not only
' ensures trench stability but also decreases the rate and extent of leaching
j and microbial degradation of waste materials. In addition, the uncertainties |
; in the source term are considerably reduced. Furthermore, to avoid water
; accumulations in the trenches, future sites will most likely be located in

relatively well-drained systems, such as that represented by the Barnwell:

I site, where~the residence time of accumulated water in the trenches is
I relatively short.

Many of the current waste package requirements and site selection crite-
ria outlined in 10CFR61 for the shallow land disposal of low-level radioactive

. wastes are based on lessons learned from experiences at existing shallow land
I burial sites.

;
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APPENDIX A

CHEMICAL CONSTITUENTS IN FUEL AND NON-FUEL CYCLE WASTES
(General Research Corporation, 1980)
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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

Agricultural compounds DDT, malathlon, [I"C, 32 , 35p S] X

Alcohols methanol, cyclohexanol, discetone X

Aldehydes and acetals paraldehyde, 1, 1-diethoxyethane X

Altphatic halogenated 1.1.1-trichloroethane X
hydrocarbons

Alkanes cyclohexane X

Alkenes 2,3-dimethyl-2-hexene X

Alkyl halides 1-isobutyl-4-ethyloctyl bromide

Amino acids alanine, tryptophan [ 3H, I"C, 35 ] XS

Amino sugars X

Ammor.ta and ammonium salts ammonia, ammonium sulfate X

Aromatic hydrocarbons benzene, toluene, p-xylene
anthracenes,
d1 benzene anthracene [I"C] X

Asphalt natural or petroleum-derived X

Carboxylic acido citric acid, tarterte acid
oxalic acid, hydroxy-acetic acid X X

Chelating agents EDTA X X
DTPA X X
NTA
TTHA X X

Carbohydrates 2-deoxy-d glucose , [I , I"C] XH

Drugs acetylsali XsycinD,[glicacid, actino-C, 35 y3
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Table A-1. Chemical characteristics of fuel and non-fuel cycle low-level
waste constituents. (continued)

Descriptive Class Examples Fuel Cycle Non-Fuel Cycle

Esters

Acetates ethyl acetate X

Adipates dioctyl adipate, bis-2-ethyl-
hexyl adtpate X

Biocarbons natural or metabolic products of
organisms X

Borates sodium tetraborate, metaborate
boric acid, borate polymers X

Heptonates stannous glucoheptonate X

Phosphates chromic phosphate, tributyl
phosphate, sodium phosphate, stannous

32polyphosphate, orthophosphates, p g

Phthalates di-2-ethylhexyl, diethyl
dibutyl, dioctyl phthalates X X

Sulfates ammonium sulfates, calcium sulfate,
35sodium sulfate, other sulfate salts, S X X

Ethers bis (2-chloroethyl) ether, tetrahydrofuran
1,4-d ioxa ne X

Fatty acids linoleic acid, oleic acid, oxalic acid,
palmitic acid, [3H, I'C] X

Ho rmones histamine dihydrochloride X

Inorganic acids boric acid, phosphoric acid,
sulfuric acid, [32 ] X XP

Ketones methyl isobutyl ketone, d-fenchone X

i
1

i
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Table A-1. Chemical characteristics of fuel and non-fuel
cycle low-level waste constituents, (continued)

Descriptive Class Examples Fuel Cycle Non-Fuel Cycle

Lipid-related products acetyloe
myelin [golig chloride, sphingo-H. C] X

Hiscellaneous inorganic calcium fluoride, chloride, copper, X X
diatomaceous earth, fluoride, portland
cement, Ng, 2n, sodium hydroxide,
sodium todide

i Nitrosamines N,N-dimethylnitrosamine X
|
'

Nucleosides ---
X

Nucleotides
ajeno gne- {P, g c11c phosphate

,5'

[ H,' C, I] X

Nucleotide sugars guanosine diphospho-1-fucose, [I"C] X

Organte acids acetic acid, benzoic acid,
todoacetic acid, phenylhexanoic acid X

Peptides --
X

Phenol and phenolic cresols, p-tert-butyl phenol X
compounds

Progtaggndine Prostaglandin E 2| H, C] X

Proteins --

X

Protein-labelling reagents acetic anhydride, 1-fluoro-2,4-

d{nitgbengne.ghenggsotgjgeyanate,[ H, C, P, S, I, 1] X
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Table A-1. Chemical characteristics of fuel and non-fuel
cycle low-level waste constituents. (continued)

Descriptive Class Examples Fuel Cycle Non-Fuel Cycle

Purines adenine, guanine sulfate [3 , I"C] XH

Pyrimidines uracil [3H, I"C] X

Radionuclides Ra-137m, 139, 140 X
C-14 I
Ce-144 X
Co-58, 60 X
Cs-134, 136, 137, 138 I
cr-51 X
H-3 X
I-125, 131 X
I-129 X

j I-130, 132, 133, 134, 135 X
Fe-55, 59 X
La-140 X
Mn-54 X
Mo-99 X
Na-22 X
P-32 X
Pu X
Rb-88 X
Sr-89, 90, 91, 92 X
S-35 X
Tc-99 X
Th X
U-naturals and daughters X
Y-90, 91 X
Zr-95 X

Resins ion-exchange, urea X
formaldehyde X

Sterlods aldosterone, estradiol, X
progesterene X

Vitamins nicotinamide X

|
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Table A-2. Summary of chemical conseituents in fuel cycle low-level wastes,

s

Orrante Compounts Elemental Species

asphalt (solidification agents) barium-137m, 139, 140
urea-formaldehyde resins bromine-84

(may contain alkalt metal ceriunr-144
bisulfates) cesium-134, 136, 137, 138

carboxylic acids (decontaminating chloride (C1)
chemicals) chromium-51

chelating agents oxide or hydrated oxide .

(NTA. EDTA, DTPA, TTHA) cobalt-58,60
oxide or hydrated oxide {

fon exchange resins copper ' --

(sulfonated and aminated organic fluoride
polymers; modified polystrenes, F , metallic fluorides

_.

copolymers of divinyl benzene f odi n e-129, 131, 132, 133, 134, 135
and styrene are typical substratesi fron-55, 59

phthalates oxide or hydrated oxide
(for filter testing) lanthanum-140

| vinyl ester styrene magnesium
manganess-54 ,

inorracic Compounds oxide or hydrated oxide
molybdenum-99

ammonia niobium-95
ammonium sulfate Pu
boric acid rubidium-103, 106
calcium fluoride st ront Aum-89, 90, 91, 92
calcium sulfate uranium
soditn tetraborate, metaborate natural U aad daughters
portland cement Tellurium-132, 134

(with or without hentonite or 1h
vermiculite) Tritium

diatomaceous earth Yttrium-90, 91
zinc
strconium-95
oxide or hydrated oxide

A-6
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Table A-3. Summary of identifiable chemicals in non-fuel cycle wastes.

Scintillation Vials Other I.1 quids Solid Waste Biological Waste

toluene, xylene, eadium 50% is spent scintillation fluids. Other ligttids cellulosics, PVC animal carcasses,
hyd roxide; (with small are ogranic waste, alcohol, benzene, ethyl acetate, plastics, rubber, cultures disinfected
amounts of methanol); and RIA Kits which may contain any of the following glass, metal filings, with CloroxR, Beau
aquasols, POP compounds: other trash. CoupR (a phenol

solution), or
ammonium sulfate, sodium barbital, sodium azide, Wesc od ynR (todine
ammonium salt, sulfonic acids, ccilloids, base); or contami-
stannous polyphosphate, stannous gluccheptonate, nated animal
amino sugars, amino acids, nucleosides, wastes.
nucleotides, protein hydrolysates, pyruvic acid,),

g NaHCO3, anthracene compounds, phosphoric acid,
.

I

AJ f odoacetic acid, Bolton-Hunter reagent ,
tododeoxyuridine, sodium todide, organic

' phosphates, orthophosphates, methionine,
t rit tated thymidine, ethidium bromide
(intercalating dye), paradimethyl amino
henzalide (PDAB), ethylenediaminetetraacetic
acid (EDTA)

additional possible 11ould waste could be solutions
of any of the labeled compounds found in -Appendix A-1
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ABSTRACT

The results of source term cha eterization udies for the commercially
operated low-level waste (LLW) dispos 1 sites lo ted in the eastern United
States are used to provide an understa ing of t importance of hydrological
and geochemical factors in controlling e mech ics of leachate formation,
evolution of leachate compositions, mict ial gradation of organic waste and
development of anoxia in the trenches, an the ature and extent of leaching
of waste materials. The varying degrees o t intensity of these processes,
as determined by the different site characte tics, are clearly reficcted in
the contrasting leachate geochemistries of M .y Flats and West Valley
trenches, as compared to those of Barnwell d heffield trenches. These are
important geochemical consideratiets which t ly define LLW source terms
but also shed light on the nature and exte . of ~ chemical changes that are
likely to occur along a redox gradient out.' de of e trench environment.
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