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ABSTRACT

Before a license can be obtained to construct a facility for the sha'low-
land burial of low-level wastes, the U, S, Nuclear Regulatory Commission
must be assured that the facility will meet both performance objectives and
prescriptive requirements set forth in 10CFR61, "Licensing Requirements for
Land Disposal of Radioactive Waste," Subpart D, Section 61.50(a)(2) of
10CFR61 states that a "disposal site shall be capable of being character-
ized, modeled, analyzed and monitored." In order to test the the concept of
"site modelability," a 30-year old low-level radioactive waste disposal site
at Chalk River Nuclear Laboratories (CRNL), Canada, was used as a field
location for evaluating the process of site characterization and the subse-
quent modeling prediction of radionuclide transport from the site by
groundwater, The radionuclide source term was a limestone-lined pit (since
covered with soil) which in 1953 to 1954 received approximately 3800 liters
of aqueous waste containing 1000 to 1500 curies of aged, mixed fission prod-
ucts, including 700 to 1000 curies of *°Sr and 200 to 300 curies of !?7Cs,
This evaluation was performed by comparing the actual measured radionuclide
migration with predicted migration estimated from hydrologic/radionuclide
transport models, This comparison has provided valuable insights into the
applicability of transport modeling, and in determining what level of effort
is needed in site characterization at locations similar to the Nitrate Dis-
posal Pit to provide the desired degree of predictive capabilities,
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SUMMARY

Before a license can be obtained to construct a facility for the §ha!]ow-
land burial of low-level waste, the U, S. Nuclear Regulatory Commission must
be assured that the facility will meet both performance objectives ard pre-
scriptive requirements sat forth in 10CFR61, "Licensing Requirements for
Land Disposal of Radicactive Waste." To test the concept of "site model-
ability," a 30-year-old low-level radiocactive waste disposal site at Chalk
River Nuclear Laboratories (CRNL), Canada, was used as a field location for
evaluating the process of site characterization and the subsequent modeling
predictions of radionuclide transport from the site by groundwater, The
radionuclide source term was a limestone-lin.d pit (since covered with soil)
which in 1953 to 1954 received approximately 3800 liters of aqueous waste
containing 1000 to 1500 curies of aged, mixed fission products. This
evaluation was performed by comparing the actual measured radionuclide
migration with predicted migration estimated from hydrologic/radionuclide
transport models. This comparison provides insights into the applicability
and accuracy of transport modeling and in determining what level of effort
is needed in site characterization to provide the desired degree of predic-
tive capabilities,

Extensive field measurements, principally conducted by CRNL and augmented by
Pacific Northwest Laboratory (PNL) personnel, provided a well-defined map of
the actual radionuclide migration that has occurred during the past 30 years
at this site, Strontium-90 is the only long-lived radionuclide which has
significantly migrated from the disposal source and presently remains in the
soil and groundwater down?radient from the source, The actual areal and
vertical distribution of ?°Sr has been well characterized by the field mea-
surements, and actual concentration plumes have been constructed. The *°Sr
has migrated about 350-m downgradient from the disposal pit in a relatively
narrow (50 to 100-m wide) plume contained within a shallow aquifer system.
Cesium-137, the other long-1ived fission product which was relatively abun-

dant in the disposal waste, has not migrated more than a few meters from the
disposal pit,

The predictive radionuclidc transport modeling was independently conducted
in two parts, The first part utilized only a limited amount of existing
hydrogeologic data. The initia) modeling using the limited data base was
meant to simulate the data-gathering process that a prospective licensee
would utilize during a low-Tevel waste disposal site characterization ef-
fort., For the limited dat. exercise, 16 borehole/monitoring wells which
were part of a much la.ger CRNL monitoring network for this site were uti-
lized in the site characterization and transport modeling, The second part
of the study used the entire, extensive CRNL data base existing for this
site, which included applicable data from over 100 monitoring wells con-
taining multi-level piezometers. The purpose of the detailed data exercise
was to determine if additional data gathering could substantially improve
the accuracy and reliability of the transport modeling.

Because of uncertainties associated with the radionuclide source term, sev-
eral radionuclide release/migration scenarios were used in modeling the



groundwater transport of radionuclides from the source. The predictive
transport modeling for "95¢ that used a retardation factor of 25 yielded
downgradient migration rates that were in good gqreement with the actual ob-
served migration., For example, the 100 pCi/) *%Sr.concentration isopleths
downgradient from the disposal pit for the observed and predicted values 30
years after disposal were about 330 m and 320 m, respectively, Houever‘
major discrepancies became apparent when the internal distribution of Wsp
concentrations and the lateral spreading of the plumes were ccuapared, The
1000 pCiN znd 10,000 pCi/)1 concentration isopleths for the observed and
predicted *°Sr migration downgradient from the disposal pit were separated
by about 50 to 70 m. The predicted plumes conservatively estimated spread-
ing of the *°Sr plume which was approximately triple the maximum width of
the observed plume, The predicted spreading is mainly a function of numer-
ical dispersion caused by the coarse grid space currently being used in the
model, The amount of spreading predicted by the numerical model could be
reduced by refining the finite element mesh in a direction transverse to the
principal direction of groundwater movement., The narrow width of the ob-
served plume is mainly a function of the sorting and texture of the surfici-
al sands within which the transport occurs, The rather uniform particle
size and fine-grained texture of these sands would have a tendency to mini-
mize the amount of hydrodynamic dispersion that would otherwise occir in a
more heterogeneous material,

The detailed data modeling using the entire, extensive CRNL data base d4id
not substantially improve the results of the predictive modeling, However,
this similarity in results may have been more a function of the two-dimen-
sional modeling approach ov the fact that the bulk of additional well data
was closely spaced in and around the observed plume, Thus, for this rela-
tively simple site and modeling approach the minimal site characterization
effort (Part 1) involving 16 selected test boreholes/monitoring wells was
sufficient to provide a reasonable assessment of the radionuclide transport,
A more detailed and costly characterization effort would not have signifi.
cgnt\y added to the reliability of the predictive modeling using this two-
dimensional approach, A more detailed three-dimensional modeling effort

would have undoubtedly required a larger array of characterization
horeholes,
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1.0 INTRODUCTION

Before a license can be obtained to construct a facility for the shallow-
land burial of low-level waste, the U, S. Nuclear Regulatory Commission must
be assured that the facility will meet both performance objectives and pre-
scriptive requirements set forth in 10CFRE1, "Licensing Requirements for
Land Disposal of Radiocactive Waste.," Section 61.5, Subpart D, of 10CFRA]
states that any future low-level waste shallow-land burial facility “....
shall be capable of being characterized, modeled, analyzed and «wonitored,.."
To assure compliance with these objectives and requirements, zpplicants will
most probably utilize radionuclide transport models to predict the movement
of radionuclides in groundwater from a disposal facility,

However, recent studies(},2,%,%,5) at Low-Level Waste (LLW) shallow-land
burial facilities and other slightly contaminated sites have shown discrep-
ancies between predicted versus actual radionuclide migration rates in the
ambient groundwater, Because of these discrepancies, there is a general
understanding within the scientific community that site performance modeling
may need further refinement to more accurately predict radionuclide movement
from a potential disposal site, Therefore, predictive transport models need
to be evaluated under actual field conditions to assess their accuracy and
identify the weak links in the modeling process.

One of the ways to test the concept of site "modelability" is to compare
predicted radionuclide movement using hydrogeochemical modeling with actual
observed radionuclide migration at field sites where radionuclides have been
in the ground for many years, Such comparisons will yield insights as to
the reliability of models which an applicant might reasonably use to predict
LLW disposal site performance at proposed sites,

At the Chalk River Nuclear Laboratories (CRNL), Ontario, Canada, a number of
Tow-level waste shallow-land burial facilities have been in existence for
about 25 to 30 years (see Figure 1,1), These sites are proving useful for
testing the concept of site "modelability." A cooperative research proyram
was established between PNL and CRNL, and two disposal sites having slightly
contaminated groundwater plumes were selected for potential study, This
report describes the results of a comparison of predictive radionuclide
transport modeling versus field measurements and plume mapping for the
Nitrate Disposal Pit site, 2 low-level disposal facility which received
liquid wastes containing approximately 1700 curies of mixed fission products
during 1953 to 1954,

1.1 PROJECT PLAN AND OBJECTIVES

The Nitrate Disposal Pit site at CRNL was selected as the first field site
for testing the concept of site modelability, This site was chosen because
of its reasonably well-chara:cterized source term and well-defined *°Sr plume
which has developed in the groundwater over the past 30 years, In addition,
this location possesses many of the favorable site characteristics of a Part
61 shallow-land disposal facility in that it is well drained, above the
water table, free of active tectonic processes, and capable of being charac-

1
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terized, modeled, analyzed, and monitored, It should be stressed, however,
that this does not assess the overall suitability of this site as a low-
level waste shallow-land burial facility, but utilizes it as a favorable
field site for testing the modelability concept.

The objectives of this study are to address the regulatory requirement that
a site be "modelable," and to use the Nitrate Disposal Pit site as a field
test of the reliability of the radionuclide transport modeling,

The project plan is to approach this site as though it were a prospective
burial site to be licensed under the requirements of 10CFR61, Under the as-
sumption that this was an undeveloped site and tha* very little technical
information was available from this location, a site characterization plan
has been developed which details the geologic/hydrologic/geochemical mea-
surements and analyses which are necessary for predictive modeling of the
radionuclide transport in the groundwater from the disposal site ?see Ap-
pendix A). Using this plan as a guide, a “"pre-operational" site perform-
ance assessment involving hydrogeochemical modeling has been conducted at
the Nitrate Disposal Pit site to predict the temporal movement of radio-
nuclides in the groundwater., The predicted movement is then compared with
the actual radionuclide migration which has occurred over the past 30 years
to assess the suitability of the modeling., The "modelability" concept (de-

fined in the Site Characterization Plan in Appendix A) for this site is then
evaluated,

1.2 SCOPE OF STUDY

The Site Characterization Plan (see Appendix A) describes the geologic,
hydrologic, and geochemical measurements and information needed to construct
a conceptual model for use in performing predictive modeling of the radio-
nuclide transport in the site groundwaters. In the preparation of this site
characterization plan it was assumed that there were no existing wells at
the site, Only basic data concerning background geological, hydrological,
and geochemical parameters were used as input to the preliminary conceptual
and/or numerical models of the subject site, The procedure for determining
the number and location of test boreholes and data points was one of pro-
fessional scientific judgment, as opposed to a rigid statistical approach,
This flexible process utilizes an iterative methodology in the collection
and analysis of characterization data, such that the conceptual model is
continually refined and revised as required. This approach is consistent
with state-of-the-art efforts to characterize geohydrologic environments.
These models would, in turn, be used to guide further development of the
characterization plan, A site characterization plan is designed to pro-
vide the information necessary to build both a defensible conceptual model

as well as reasonable hydrologic flow and transport models of the subject
site.

Available hydrological and geochemical data at these sites, previously gen-
erated by CRNL investigators, have been utilized to fill the data require-
ments needed for predicting the movement of selected radionuclides from the
site, This site has been extremely well characterized and monitored by the
CRNL staff who have installed over 100 monitoring wells ad boreholes at
this site during the past 30 years, An extensive hydrogeological data base



is available from this monitoring network and both selected information as
well as the entire data base has been utilized in this study.

In this project, two levels of numerical modelin? were conducted, At the
first level of modeling only a portion of the existing extensive CRNL data
set, conforming to the well placement selection contained in the site char-
acterization plan, was used to develop a relatively simple groundwater flow
and transport model, such as would be done in an actual siting assessment
and guidance project., The level of investigation was kept to a minimum, as
though licensing were being undertaken in an effective yet minimum cos*
manner. The numerical model has been assessed to assure that no inconsis-
tencies exists, e.g., the mathematical simulation codes used were commensu-
rate with the assumptions made in the conceptual model and the available
data, The transport model was used with a radiologic source term equivalent
to actual wastes disposed at the subject site during the early 1950s, and
the movement of selected nuclides through the system has been modeled.
Simulation has been carried forward and compared with the present day dis-
tribution of contaminants as determined by field sampling and mapping., This
comparison was done to help assess the usefulness of this initial level of
site assessment modeling ir: 1) helping to understand the contaminant
transport behavior at the site through sensitivity studies, and 2) providing
a means to bound the possible consequence estimates.

The second level of modeling has involved a more detailed state-of-the-art
effort, carried out using the entire, extensive and available CRNL charac-
terization data set along with the expertise of Atomic Energy of Canada,
Ltd. (AECL) personnel, The conceptual model has been adjusted as necessary
to take advantajze of the 30+ years of experience at the subject site, and
appropriate alterations in the modeling technique were made,

Finally, a comparison of the results of both modeling efforts has been made,
and those results compared with the field observations of actual migration,
This comparison has provided insight into the level of effort necessary to
meet the regulatory requirement that a site be "modelable.” Additionally,
this comparison has served to differentiate the advantages, if any, of a

more detailed characterization and assessment activity in the early siting
assessment phases,

1.3 BACKGROUND INFDRMATION

Details of the past low-level waste management activities and of the past
and current environmental monitoring and geochemical studies conducted at
the Nitrate Disposal Pit site at CRNL are presented in Section 4,1, At this
site, mixed fission products were released to an infiltration pit beginning
in 1?53. Monitoring of contaminant movement in the groundwater began in
19550 %) and periodic measurements have continued to map the position of the
s plume front to the present time, Geochemical studies conducted at or
near the size havs helped to eiucidate the retardation mechanisms afforded
by the suill”+*%:%), The extensive array of multi-level monitoring wells at
this site has permitted a very detailed mapping of the Yor plume migrating
in the groundwater from the disposal pit. Thus, this site affords an excel-
lent opportunity to compare model/code predicted radionuclide transport with
actual migration which ha< occurred during the past 30 years,

4



2.0 HYDROGEOLOGY

2.1 GEOLOGIC SETTING

The disposal site is located within the boundaries of the Chalk River Nucle-
ar Laboratories situated in the Province of Ontario about 480 km north of
Toronto (Figure 1,1). The site is situated in the Grenville Province of the
Canadian Shield, The surficial geology of the region, shown in Figure 2,1,
is typified by thin deposits of sand and fluvial gravels that overlie a till
or crystalline bedrock with low permeability. Bog deposits are typically
found in low-1ying areas where surficial sediments are thin, On the aver-
age, the sediments are about 5 to 15 m thick, The local bedrock has been
scoured by glacial action, resulting in an undulating, yet gently sloping
surface that serves to direct and control the movement of groundwater in the
surficial sediments,

The disposal site 1ies near the boundary of the catcliiment area of Maskinonge
Lake that drains into the Ottawa River about 8 km downstream, The site was
excavated in a sand dune ridge on a terrace about 50 m above and ) km east
of the lake, The disposal pit is close to three lakes, A maderately sized,
shallow lake (Lake 233) is immediately east of the site, Two relatively
small lakes, Dewdrop and Twin Lakes, are located about 270 m west of the
site. Immediately south of Dewdrop Lake, several small springs issue from
surficial sediments into a swampy area, The swamp is drained by nearby

streams through a gap bounded by bedrock outcrops to other lakes at lower
elevations,

Geologic data from 16 boreholes combined with information on bedrock out-
crops were used to map the interface between the surficial sandy sediments
and the underlying bedrock and til1l in the vicinity of the disposa) site.
The contour map of the bedrock and till surface (Figure 2,2) shows bedrock
ridges on each side of a terrace, On the eastern ridge, located along the
Lake 233 shoreline, bedrock, which rises to an elevation of about 153 m mean
sea level (MSL), is found below about 15 m of sand and silt, In contrast,
on the western ridge, the bedrock is thinly covered and crops out at a few
locations near Twin and Dewdrop Lakes and immediately west and north of the
swampy area, Between the two ridges, ground surface dips gently from east
to west, which conceals a depression in the bedrock surface where bedrock
elevation decreases to just below 143 m (MSL).

Above the bedrock and till, borehole data indicate that the surficial sandy
sediments are prewominantly composed of fine-to-very-fine sand, However,
these sediments also contain two other distinct facies: sand interstrati-
fied with silt found within the shallow fine sand unit, and a fine-to-medium
sand generally found just above the bedrock and till surface. The vertical
and horizontal continuity of these sediments from Lake 233 to the swampy

area southwest of the proposed site is illustrated in the geologic section
shown in Figure 2,3,
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2.2 GROUNDWATER HYDROLOGY OF SURFICIAL SANDS

The predominant zone of groundwater movement in the vicinity of the dis-
posal site is the surficial sands that overlie the fine-grained till and
crystalline bedrock, For this reason, analysis of the groundwater system
at the disposal site focused on this unit, Some flow occurs within the till
unit, but the c¢lay-rich nature of the till limits the rate and amount of
flow, Existing surface-water bodies are generally found in areas where the
unconsolidated sediments are thin and bedrock is at or near land surface,
This indicates the limited hydraulic conductivity of the underlying bedrock.
Although there are visible fractures in the bedrock that could theoretically
support fracture flow, the contrast in hydraulic conductivity between the
bedrock and overlying sediments is great. Therefore, for the purposes of
this study, the bedrock is considered to be impermeable,

2.2.1 Areal Extent, Thickness and Composition

The areal extent and saturated thickness of the surficial sands were mapped
using geologic data from 16 boreholes and information on bedrock outcrops.
The sand was found at all borehole locations, Its saturated thickness,
based on water-level measurements made in September 1980, varies from 3 m to
just over 10 m in the area of interest (see Figure 2.4), Maximum thick-
nesses coincide with the areas where the bedrock surface is depressed, about
250 to 300 m west and southwest of the disposal site,

The mineralogy of the surficial sands have been characterized by Pickens et
al, as being about 50% feldspar, 30% quartz with minor amounts of sericite,

mica, and hornblende, These sediments els? contain lesser amounts of gar-
net, pyroxene, magnetite, and hematite,\!?

2.2,2 Groundwater Flow Patterns

Water-level measurements made in more than 50 piezometers at the 16 borehole
locations over the S-year period 1979 to 1984 were used to construct water-
table maps of the surficial sand unit, Figure 2,5 11lustrates a typical
water-table map, based on measurements made in September 1980, Flow pat-
terns suggested by the map indicate that groundwater in the Lake 233 area
and in the vicinity of the site moves laterally toward the southwest before
being discharged as seepage to the swampy area lying 460 m southwest of the

site, The tota)l drop in water level from the lake to the swamp is about
11 m,

Analysis of water-leve)l data in piezometers at each borehole indicates that,
with a few exceptions, water levels measured at the base of surficial sands
vary 1ittle from those measured near the water table (Figure 2.6). In gen-
eral, the head differences were less than 0,1 m, However, at some borehole

locations, such as borehole C.27, vertical head differences between 0,5 and
1.0 m were observed,

2.2.3 MHydraulic Properties

The hydraulic conductivity of the surficial sand aquifer was estimated by
the CRNL staff at selected borehole locations with the use of three methods:

9
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o empirical measurement of the mean h{drau1ic cenductivity based on
grain-size distribution characteristics

e permeameter tests of undisturbed soil cores to yield direct measure-
ments of vertical hydraulic conductivity

e single-well response tests to yield direct measurements of a mean of
the vertical and horizontal conductivities,

Individua) cores and test intervals were selected to derive hydraulic con-
ductivities that were representative of the three major facies of the sand:
the fine-to-very-fine sand, the interstratified sand and silt, and the fine-
to-medium sand, The means and ranges of resultant hydraulic conductivities
are given by method and hydrostratigraphic unit in Table 2.1,

TABLE 2.1, Summary of Hydraulic Conductivity Values by
Hydrostratigraphic Unit and Method, Meters/Day

Hydrostratigraphic Grain Size Permeameter Single-Well
Unit Analysis Tests Response Tests
Fine and very fine sand
Average §.3 31 1.5
Range 4,0 to 7.6 0.4 to 5.3 0.6 to 3.1
Sand interstratified with
silt
Average . 0.48 .
Fine and medium sand
Average 9.9 5.9 4.5
Range 6.6 to 17,3 0.95 to 8.6 1.3 to 9.5

The values in Table 2.1 indicate that the hydraulic conductivities derived
b{ the empirical grain-size analyses are consistently higher than those de-
rived from the permeameter and single-well response tests, Results derived
from the single-well response tests provided the lowest estimates, In most
stratified geologic deposits some degree of anisotropy is present whereby
the horizontal conductivity is generally greater than the vertical, Because
a single-well response test measures an average of the horizontal and the
vertical hydraulic conductivities, values resulting from such analyses would
be expected to be greater than those derived from permeameter tests where
only the vertical conductivity is measured, This increase does not occur in
the data presented in Table 2.1, suggesting that values derived from the
single-well response tests should not be considered reliabie, The values
obteined were in all probability affected by significant friviional losces
over the screen interval during the tests,

Hydraulic conductivities derived from t'e empi:*:a) grain-size malyios are
probably the most representative estimite -f ire azerage cond. tivity . ‘oe
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sand. Test results indicate that the fine-to-medium sand is the most perme-
able unit, with an average of about 10 m/day, and a range between 6.6 m and
17.3 m/day. The next most permeable unit, the fine-to.very-fine sand, avers
a 5.3 m/day, and ranged betweer 4 m and 7.6 m/day. A comparison of the
values with those derived from the permeameter test suggests that a small
degree of anisotropy may be present, with the horizontal conductivity per-
haps being 2 to 3 times higher than the vertical. Although no estimate was
made for the sand and silt unit based on the grain-size analysis, the aver-
age hydraulic conductivity of this unit was assumed to be about 0.5 m/day,
the average value derived from the permeameter tests,

Porosity analyse? have been done on some 200 sand samples from the nearby
Perch Lake basin('®), Samples of sand with a range similar to the range of
rain sizes cbserved at the Lake 233 area yielded porosity values between

+»33 and 0,43, The median porosity of all the samples was 0.38. These
values were considered to be representative of porosities of the sands near
the disposal site,

2.2.4 MWater-level Fluctuations

Examination of hydrographs of selected wells in the sand aquifer near the
proposed site (Figure 2.7) indicates that groundwater levels fluctuate
seasonally during each year., These fluctuations reflect changes in storage
in response to variations in recharge to and discharge from the aquifer,

For the hydro?raphs and the period of record presented in Figure 2.7, the
annual water-level changes varied from about 2 m, as occurred at piezometer
11T at borehole C-3 (C-3-111) in 1980, to about 0.25 m, as occurred at piez-
ometer 11 at borehole Ce5 (Ce5-11) in 1980 and 1983, wWater levels general-
1y rise to their highest levels in the spring months, as precipitation,
melting snow pack, and associated surface runoff infiltrate a thawing ground
surface with little loss to evapotranspiration, During the warmer summer
months that follow, precipitation falling on the land surface readily in-
filtrates the sand sediments, but evapotranspiration can reduce or come
pletely deplete the amount of water actually reaching the water table, As a
result, water levels usually decline through the summer and fall, Quring
the winter months, extensive frost in the shallow soils precludes the possi-
bility of rainwater infiltration, and water levels generally reach their
lowest level during this period,

Although water levels fluctuate owing to seasonal variations in recharge and
discharge to the flow system, they return to approximately the same level
each spring, For a)) wells, annual maximum and minimum water levels stay
within a meter of what could be considered an "average® long-term level,

For many of the wells, the deviation is less than 0,5 m, The small magni-
tude of these changes and the lack of evidence of any increase or decrease
in water levels, at least in the short term, indicate that the shallow

a$uifer system near the site is at present in a state of dynamic equilib-
rium,
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3.0 MODELING OF GROUNDWATER FLOW AND TRANSPORT

3.1 LIMITED-DATA MODELING

ring the fir art of this investigation, geologic and hydrologic data
g:om gh: ?niti:% ?6 boreholes identified in the site characterization plan
were used to develop a groundwater flow and transport model of an area in
the the vicinity of the Nitrate Disposal Pit site, This mode)l was calibra-
ted with measured water-level data and provided the hydrologic framework for
the solute transport model! used to predict the movement of radionuclides
from the site.

3.1.1 Conceptual Model of Flow and Transport

The direction of groundwater flow indicated by water-table maps suggests
that the area of concern for groundwater flow from the Nitrate Pit site is
relatively small, extending from about 460 m south-southwest to the swampy
area. Most of the groundwater flows through the uppermost sandy sediments
overlying the till and bedrock., Flow occurs in the till, but the clay-rich
nature of the till inhibits the total amount and rate of flow. Existing
lakes and swamps are located in areas where the underlying till and bedrock
surface 1s close to the ground surface or crops out. The occurrence of
these surface water bodies is an indication of the 1imited permeability of
the underlying materials, For this study, the modeling analysis focused on
groundwater flow and transport in the shallow sands.

3.1.2 Model Selection and Design

3.1.2,1 CFEST Computer Data

The Coupled Fluid, Energy, Solute Transport (CFEST) code developed by Gupta
and others (12) was selected for use in this investigation, The CFEST code
and developed for the Underground Storage Program managed for the Department
of Energy by PNL, CFEST is an extension of the Finite-Element Thret-
Dimensional Groundwater (FE3DGW) code developed by Gupta and others\i?).

CFEST is a finite-element code that is capable of simulating groundwater
flow and attenuated transport of & decaying radionuclide in a two-
dimensional horizontal or vertical plane or in three dimensions, Although
geologic data suggest that there may be variations in the surficial sand
caused by facies changes, the limited data being used in this investigation
did not warrant the use of a detailed three-dimensional analysis. Conse-
quently, the surficial sand was considered a vertically homogeneous and hor-

fzontally heterogeneous aquifer and CFEST was applied in a two-dimensional
horizental plane,

3.1.2,2 Finite Element Grid and Boundary Conditions

The mode] which covers about 0.17 km? is based on a bilinear, quadrilateral,
finite-element mesh composed of 280 nodes and 247 elements (Figure 3.,1)
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The mesh is designed so that all borehole locations and geographic features
pertinent to the simulation approximately coincide with either a node or an

element,

Boundary conditions in the mode] were selected to represent real physical
hydrologic boundaries or to approximate as closely as possible artificially
imposed boundaries. The location of Lake 233, northeast of the proposed
site, represents a relative constant-head boundary for the local ground-
water system, In the model, nodes approximating the location of the lake-
shore were simulated as constant-head nodes. The heads specified were ex-
trapolated from measured water-table elevations,

Water-level data suggest that the swampy area and nearby streams southwest
of the site represent relatively constant-head discharge boundaries for the
shallow sand aquifer. In the model, nodes that approximately coincided with
the edge of the swamp and channels of nearby streams were simulated as con-
stant heads., No direct measurements of stage in the swamp or streams were
taken; therefore, constant heads used in the simulations were estimated from
elevations derived from topographic maps,

The water-table map in Figure 2.5 illustrates that water-level contours are
roughly parallel to the Lake 233 shoreline to the northeast and to the edge
of the swamp and stream channels to the southwest., The model's lateral
boundaries on the northwest and southeast were designed to take advantage of
this feature and were made perpendicular to the contour lines. Thus, these
boundaries represent approximate flow lines and are effective boundaries
across which no flow can either enter or leave the model area,

The last boundary considered in the model involves the hydraylic relation-
ship of the surficial sand aquifer and the underlying till and crystalline
bedrock. Because the till and bedruck are significantly less permeable than
the surficial sand, it was assumed that vertical flow to and from these
units was not significant, and the base of the surficial sand was simulated
as a no-flow boundary,

3.1,2.3 Model Data Input

Flow in the surficial sand was simulated in the model as a single two-dinen-
sional aguifer layer. Data needed fur the simulation included the aquifer
top and bottom elevations, a distribution of hydraulic conductivity, and
estimates of effective recharge to the aguifer, The aquifer top was ap-
proximated from the water-table map illustrate” in Figure 2.5. The aquifer

bottom was approximated by a contour map »* che till and bedrock surface
shown in Figure 2.2,

A distribution of hydraulic conductivity for the sand agquifer was develypcd
from the average hydraulic conductivities for each hydrostratigraphic unit,
A transmissivity distribution was first developed by multiplying the aver.
a?e permeability of each unit by the saturated thickness of each unit at all
of the borehole locations. These values were then interpclated to other
locations with the geostatistical technigque of kriging to provide an areal
transmissivity distribution, This distribution of the transmissivity was
divided by the thickness derived from the saturated thickness map (Figur:
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2.4) to produce an areal distribution of effective hydraulic conductivity,
The resulting distribution, which ranged from 5.5 to 9.5 m/day, provided an
initial estimate for the model,

Recharge c\ycs were obtained by recalculating the water balance presented
by Barry.(3%) In his study of Perch Lake, he presented the annual distribu-
tion of recharge. Although the months of heaviest precipitation occur dur-
ing the warmer periods, evaporation during these months reduces the water
actually available for infiltration. Precipitation during the cooler mor' s
of the year is predominantly snow, which reduces infiltration during those
months, Maximum infiltration occurs during the spring months when accumu-
1ated snowfall melt is available for recharge, Approximately 32 to 33 cm of
recharge were calculated to occur out of an available 84 cm of precipita-
tion,

3.1.3 Mode) Calibration

Because water-leve) fluctuations indicate that the surficial sand aquifer is
in dynamic equilibrium, groundwater flow conditions in the aquifer can be
simulated adequately with a steady-state model, The hydrographs in Figure
2.7 suggest that conditions observed in the fall of 1980 represent a rela-
tively stable period of water-level changes, and therefore a reasonadble
period to use for calibration of the model,

The model was applied in steady-state to match predicted water levels to
those measured on September 29, 1980, a set of measurements representative
of the fall 1980 conditions, During model calibration, input parameters
were adjusted within the range of acceptable values until simulated condi-
tions most closely approximated observed conditions, Input variables ad-
justed during calibration were hydraulic conductivity and recharge,

With the estimated recharge rate of 32,8 c¢cm/yr and some minor adjustments to
the initial hydraulic conductivity distribution, the predicted steady-state
heads reasonably matched measured heads for the September 1980 conditions,
Figure 3,2 illustrates the comparison between simulated and measured head,
The mean absolute value o error (observed head minus simulated head) was

0,27 m, Most of the observed heads were matched within 0.45 m and al) were
matched within 0,7 m.

The distribution of transmissivity shown in Figure 3.3 represents the range
of values resulting from model calibration, Final transmissivities were
between 40 and 120 m?/day, with the maximum values located near the bed-
rock surface depression west and southwest of the proposed site, Hydraulic
conductivity values, derived by dividing the calibrated transmissivity dis-
tribution by the saturated thicknesses given in Figure 2.4 ranged between

4,0 and 12,0 m/day, This range is wel) within that derived from empirical
grain-size analyses,

The water budget of the calibrated model, presented in Table 3,1, indicated
that infiltration from precipitation, which amounted to 1,57 x 10* m?/day,
accounted for about 38% of the total recharge to the simulated area, The
remainder of the recharge, 2.81 x 10° m"/day, was derived from the Lake 233
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TABLE 3.1, Water Budget for the Limited-Data Calibrated
Steady-state Groundwater low Model for

September 1980 Conditions (meters/day)

Sources of Recharge

Infiltration of precipitation 1.570 x 10:
Lake 233 constant-head boundary 2.808 x 10
4.378 x 108

Swampy area and stream channel
constant-head boundary 4,378 x 10°
Total recharge 4,378 x 10°

boundary, Discharge amounting to 4.4 x 10° m®/day was simulated at the
swampy area and the stream channel boundary along the southwest part of the
medel,

3.1.4 Simulation of Radionuclide Transport

The calibrated steady-state groundwater flow model provided flow conditions
to simulate the transport of selected radionuclides from the disposal pit.

In an attempt to minimize numerical dispersion in transport, a4 submodel of

the flow model using a finer finite-element mesh was developed, The posi-

tion and orientation of the submodel grid containing 777 nodes and 716 ele-
ments are shown in Figure 3.4,

3.1.4.1 Source-Term Characterization and Release

From 1953 to 1957, the disposal site received an ammonium nitrate solution
from fuel reprocessing operations consisting of about 3800 liters of acid
waste containing complexing agents, Waste solutions were drained to a small
pit over a period of a year, The pit was lined with limestone to neutralize
acidic wastes and to serve as a sorption medium for radionuclides in the ef-
fluent solutions. Tne two primary components in the source material were
%0Sr and '37Cs with other fission products present at concentratior assumed
to be in proportion to their relative fission yields. The total activity
from all waste solutions is estimated to be between 1000 to 1500 Ci of mixed
figéion products, of which 700 to 1000 Ci are *°Sr and 200 to 300 Ci are
S,

The principal radionuclides in the source materials for the disposal site
are expected to be *°Sr and '*’Cs, Once introduced into the groundwater
system, these radionuclides will migrate in the principal direction of
groundwater movement. However, because of their affinity for being ad-
sorbed onto soils, they would be retarded and would migrate at rates much
slower than groundwater flow rates., Distribution coefficients (Kg)
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-eported by Killey(?) and by Jackson, et al.(®) “rom analyses of contamina-
ed soil cores obtained from similar nearby sandy aquifer material generally
‘anged from 4 to 19 mi/g for °°Sr and from 50 to 525 ml/g for '*’Cs. The
retardation of the contaminant front (R) relative to water movement is
described in CFEST by the following equation:

R= X=14+ PP gy (3.1)
Ve n

where , is the average linear velocity of the groundwater, vc is the average
velccity of the retarded constituent, pb is the bulk density of the aquifer
material, and n is the aquifer porosity.(ls) This equation is common1¥ re-
ferred to as the retarda?ion factor. Using a bulk density of 1.7 g/cm] re-
ported by Jackson et al. 3) and a porosity of 0,38 reported by Parsons.'®),
these coefficients would translate into retardation factors of 20 to 86 for
90Sr and 250 to 2540 for 137Cs., Other radionuclides were present in ‘he
waste stream but, because of their short helf-lives or their activity lev-
els, they are not expected to be environmentally significant and were nct
considered in this analysis.

The disposal pit covered an area of about 55 m2 (7.5 m by 7.5 m) and was
constructed so that the base of the pit was within 7 to 8 m of the average
water-table elevation, Dispcsal of 3780 liters of liquid waste occurred
over a period of about a year., This rate of disposal represented about 20%
of the average annual recharge rate simulated in the calibrated model,

3.1,4,2 Strontium-90 Transport

Release of the s0¢Sr inventory from the disposal facility was modeled under
three different scenarios. A rapid release of the inventory was modeled by
gradually introducing a total of 1000 Ci of 90Sr into the shallow aquifer
over a period of 1 year, This scenario i5 representative of release condi-
tions that might occur if the limestone lining the disposal pit was inef-
fective in neutralizing the acidic waste form. The same scenario was simu-
lated with a distribution of retardation factors that varied in space to
examine the potential interaction of the acidic 1iquid waste form with the
native groundwater, A third experiment simulated a less rapid release of
the same inventory over a period of 30 years. This scenario is representa-
tive of release conditions that would occur if the crushed limestone in the
pit and underlying soils above the water table were effective in adsorbing
the soSr inventory., Cach scenario was simulated over a period of 30 years
to approximate the historical period since the actual disposal (1953 to
1954). The range of values of pertinent transport parameters evaluated in
these simulations was as follows:

Porosity = 0.38
Longitudinal dispersivity =1 to 10 m
Transverse dispersivity = 0,01 to 1.0 m
Ratio of transverse to

longitudinal dispersivity = 0,01 to 0.1
Strontium-90 half-life = 28,1 yr
Retardation factor = 20 to 100
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diments near the disposal site are, for the most part,
22??#;ew:?? igillgwaiﬁ ;oﬁtain a narrow ragge of gr@in s%zes, the amount of
longitudinal and transverse sgreading of the contaminant plume is expected
to be small, Thus, we have chosen to present model resglts dgr\ved from
simulations that used the lowest values of the.longitud1nal dispersivity,
1 m, and a small value of transverse dispersivity, 0.1 m, Model_results
with lower transverse dispersion values were not significantly different
than those resulting from the 0.1 m value,

Modeling results of the 1-year release with a constant retardation factor, a
longitudinal dispersivity of 1.0 m, a transverse dispersivity of 0.1.m, and
retardation factors of 25 and 75 (Kq = 5 and 15 ml/g) are ?resented in Fi?-
ure 3.5. These retardation factors (25 ?n? 75) are generally representative
of the range reported by Jackson, et al.(8), With a retardation factor of
25, the model predicted that groundwater ccntaining 10 pCi/1 had migrated a
downgradient distance of about 325 m from the disposal site, Concentrations
in groundwater directly bencath the disposa! pit were about 12,000 pCi/l.
Peak concentrations of about 400,000 pCi/1 were simulated about 80 m from.
the site. With a retardation factor of 75, concentrations of about 10 pCi/)
were simulated about 180 m downgradient from the pit. Concentrations
directly beneath the pit were between 800,000 and 200,000 pCi/l. Peak
concentrations of about 1.3 million pCi/1 were simulated about 25 m from the
disposa’ pit.

To evaluate the effect of a 1-year release with a variable retardation fac-
tor within the plume, we developed a distribution of retardation factors
ranging from 2 to 25 (Figure 3.6). The area of lowest retardation was
located along a flcw path immediately downgradient from the pit. Retarda-
tion factors were increased outward in zones to a factor of 25 from the area
of lowest retardation,

Results of mogeling the 1-year release of the ?9Sr inventory with the vari-
able retardation factors are presented in Figure 3.7. These results are
very similar to results of a comparable simulation in Figure 3.5 (top) ex-
Cept that, as expected in an area immediately downgradient from the site,
90Sr has migrated slightly farther. For this particular set of retarda-
tion factors, %9Sr concentrations of 10 pCi/] were simulated over a down-
gradient distance of about 160 m after 4 years, 215 m after 10 years, and

365 m after 30 years, Peak concentrations of above 750,000 pCi/1 were pre-
dicted about 115 m downgradient from the pit.

Results of the 30-year inventory release with constant retardation (25 and
75), a longitudinal dispersivity of 1 m, and a transverse dispersivity of
0.1 m are presented in Figure 3.8, A comparison of these results with re-
sults in Figure 3.5 shows that the overall transport of the plume is about
the same for all scenarios. However, concentrations within the plume have a
distinctly different distribution., While the peak concentration migrates
away from the source area in *the 1-year release experiments, the peak con-
centration in modeling the 30-year release generally results in the peak
concentration renaining in close to the disposal pit area. The magnitude of
peak concentrations during the first 4 to 6 years of the 30-year inventory
release simulation were, as expected, generally smaller than peaks predicted
for the l-year release., After 4 years of release and a retardation fact.:
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of 25, the peak concentration under the 30-year release was about 3.6 mil-
lion pCi/1, a decrease of 2.4 million pCi/1 over the peak concentralion for
the 1-year release., However, during the remaining time, peak conceatrations
become increasingly larger than those simulated in the 1-year release, At
the end of 30 years, peak concentrations for the 30-year release and a re-
tardation factor of 25 was 4.6 million pCi/1, almost a factor of 10 greater
than peak cuncentrations predicted in equivalent l-year release simulations.

3.1.4.3 Cesium-137 Transport

Migration of '*7Cs, the other principal radionuclide expected in the waste
stream, is unlikely to occur over a significant distance from the disposal
pit., Because the high affinity of !*7Cs for adsorption onto soils, its mi-
?ration from the disposal pit bottom to the underlying water table would
ikely be slow. Estimated travel times in the unsaturated zone, based on a
saturated vertical hydraulic conductivity of 3.1 m/day, a porosity of 0.35,
a unit 9radient, and a retardation factor of 1200 (K4 = 268 ml/g), suggest
that '*7Cs would arrive at the water table an average of 2.5 to 3 years
after disposal. The hydraulic conductivity used in this estimate was an
average vertical hydraulic conductivity value derived from permeameter
tests, If unsaturated permeabilities are considered in these estimates’ the
estimated arrival time would be much longer, Nevertheless, because '?®’Cs is
highly retarded, it would not be expected to migrate more than a few meters
from the disposal pit once introduced into the shallow aquifer., Simulations
made of a release of 200 Ci of '*7Cs, using a retardation factor of 1200,
resulted in cesium migration in the groundwater of only a few meters from
the disposal pit after 30 years, The peak concentration simulated directly
below the pit was about 70,000 pCi/1, and '*7Cs concentrations greater than

and equal to 1000 pCi/1 were simulated within a few meters of the pit
boundaries,

3.2 DETAILED DATA MODELING

A second level of modeling was done which made use of the entire extensive
characterization data set collected by CRNL personnel over a 30-year period.
The conceptual model developed using a limited part of the data was re-
evaluated and adjusted as necessary to take advantage of the additional data
and the more than 30 years of experience at the subject site.

3.2.1 Effect of Additional Data on Conceptual Model

The additional information from the detailed site characterization data set
was examined to reevaluate aspects of the conceptual model that would have
some bearing on groundwater flow and radionuclide transport from the pros-
pective site, Specific areas of interest would include the interface be-
tween the surficial sands and the underlying bedrock and till, the internal
geometry of the facies present in the surficial sands, the hydraulic proper-

ties of the sands, and the patterns of groundwater movement inferred from
water-level measurements,
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3.2.1.1 Bedrock-Till Surface

Geologic data from 104 additional boreholes were combined with data from the
original 16 boreholes and information on bedrock outcrops used in the limi-
ted-data modeling to revise maps of the interface between the surficial
sandy sediments and the underlying bedrock and till in the vicinity of the
disposal site. The revised contour map of the bedrock and tili surface
(Figure 3.9) suggests that, although the additional data provides a consid-
erable amount of detail of the till-bedrock interface, the reviced surface
does not provide any significant changes from the original map (Figure 2.2)
which used just 16 boreholes. Both the original and the revised surfaces
identified bedrock highs along he Lake 233 shoreline and in the vicinity of
Dewdrop and Twin Lakes. Bedrock near Lake 233 was found to rise to an
elevation of about 153 m (MSL) below about 15 m of sand and silt. Near
Dewdrop and Twin Lakes, the bedrock is thinly covered and crops out at the
land surface at a few locations. Between the two ridges, both surfaces
provide evidence for a north-south trending depression in the bedrock
surface where the bedrock decreases to an elevation of 141.5 m (MSL).
However, the revised surface provides additional information that would
indicate that the bedrock depression is a little wider and about 2 m deeper
than was inferred from the original 16 borehole data set.

3.2.1.2 Internal Geometry of Surficial Sand Facies

Above the bedrock and till, the additional borehole data identified the same
three major lithologic facies that were detected in the original data set.
The three facies included a fine-to-very-fine sand unit, another sand unit
interstratified with silt found within the shallow fine sand unit, and a
fine-to-medium sand unit generally found just above the bedrock and till
surface. The vertical and horizontal continuity of these sediments along a
similar sec%i?n line to that depicted in Figure 2.3, as interpreted by staff
of the CRNL'*) using the detailed data set, is illustrated in the geoiogic
csection shown in Figure 3.10. A comparison cf the section developed from
the original 16 borehole data (Figure 2.3) with the CRNL section indicates
that use of just the 16 boreholes provided sufficient information to approx-
imate the general geometry of the major facies.

3.2.1.0 Hydraulic Properties

Hydraulic conductivity estimates by the CRNL staff at selected borehole 1o-
cations from the additional detailed data were combined with results from
the limited-data set to provide new estimates of hydraulic conductivity for
the surficial sand aquifer. The combined averages and ranges of hydraulic
conductivity estimates that were representative of the three major sand
facies, are given in Table 3.2 by analysis method and 1ithology.
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TABLE 3.2. Summary of Hydraulic Conductivity Values by
Hydrostratigraphic Unit and Method (meters/day)

Hydrostratigraphic Grain Size Permeameter Single-Well
Unit Analysis Tests Response Tests

Fine and very fine sand

Average 5.4 3:3 1.6

Range 4.0 to 9.5 0.1 to 8.6 0.6 to 3.1
Sand interstratified with silt

Average - 0.49 -
Fine and medium sand

Average 9.5 6.0 5.4

Range 6.2 to 17.3 0.95 to 14,7 1.0 to 9.5

A comparison of these values with those given in Table 2.1 indicates that
the additional data did not provide any significant changes in either the
means or ranges of hydraulic conductivities from the original values derived
in the limited data.

3.2.1.4 Groundwater Movement in Surficial Sands

Water-level measurements made in more than 250 piezometers at a number of
the additional 104 borehole locations over the S5-year period 1979 to 1984
were combined with water-level measurements made in the limited data to
revise water-table maps of the surficial sand unit. A revised water-table
map, based on measurements made in October 1984, is shown in Figure 3.11.
Although the additional data provide much more detailed information on water
levels along the principal flow downgradient from the disposal to the dis-
charge area southwest of the site, groundwater flow patterns suggested by
the map are nearly identical to patterns inferred from maps constructed with
the limited-data set. Groundwater in the Lake 233 area and in the vicinity
of the site moves laterally toward the southwest before being discharqged as
seepage to the swampy area lying 460 m southwest of the site. The total
drop in water level from the lake to the swamp, 11 m, is about the same as
determined earlier,

3.2.1.5 Revised Conceptual Model of Flow and Transport

The conceptual model of flow and transport underwent only minor revisions
based on the additional data. Boundary conditions in the model were essen-
tially the same as those used in the simulations based on the limited data.
With the limited-data, Lake 233 northeast of the site and the swampy area
and stream channel southwest of the site were represented as constant-head
boundaries. The lateral boundaries on the northwest and southeast of tne
model grid approximated stream lines in the water table and, as such, rep-
resented no-flow boundaries. The hydraulic relationship of the surficial
sand aquifer and the underlying till and cr sstalline bedrock was represented
in the same fashion as done in the limited-data simulations where the base
of the surficial sand was simulated as a no-flow boundary.
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Data input for the detailed-data simulations was slightly different than
data used in limited-data simulations. Using the limited data, the aquifer
top was approximated from the water-table map illustrated in Figure 2.5.

The aquifer bottom was approximated by a contour map of the till and bedrock
surface developed from the detailed data base shown in Figure 2.2. The
initial distribution of hydraulic conductivity was derived by dividing the
calibrated distribution of transmissivity developed during the limited-data
evaluation shown in Figure 3.3 by the aquifer saturated thickness map shown

in Figure 2.4,
3.2,2 Model Recalibration

As in the limited-data calibration, the model was calibrated for steady-
state conditions. The hydrographs in Figure 2.7 su?gest that conditions in
the aquifer between 1979 and 1985 have undergone only a few minor perturba-
tions caused by stage fluctuations ir Lake 233, For the most part, the
aquifer has been in a period of a dynamic equilibrium,

Since many of the wells from the detailed data base had not been installed
prior to September 1980, the detailed-data simulations could not use water-
level measurements made in September 1980, as a basis for calibration., For
detajled-data calibration, the model was used to match predicted water lev-
els to those measured in October 1984, because a complete set of measure-
ments in nearly all available piezometers was made on that date.

As in the limited-data calibration, input parameters were adjusted within
the range of acceptable values until simulated conditions most closely ap-
proximated observed conditions, Input variables adjusted during calibration
were hydraulic conductivity and recharge.

The calibrated recharge rate of 32.7 cm/yr used in the limited-data modeling
and some minor adjustments to the initial hydraulic conductivity distribu-
tion provided an acceptable match to observed heads measured in October
1984, Figure 3,12 illustrates the degree of match between simulated and ob-
served head, Most of the observed heads were matched within 0.5 m and all
were matched within 0.7 m, This match was similar to the match derived from
the limited-data calibration,

The distribution of transmissivity shown in Figure 3,13 represents the range
of values resulting from calibrations of the model based on the detailed
data. Final transmissivities were between 20 and 145 m?/day, with the
maximum values located near the bedrock surface depression west and southe-
west of the proposed site. Hydraulic conductivity values, derived by
dividing the calibrated transmissivity distribution by the saturated thick-
nesses given in Figure 2.4, were not significantly different than those
derived in the initial modeling ranging from 4 and 15 m/day. The in-
crease in transmissivity from the limited-data calibration was mainly a
function of the increase in saturated thickness derived from the updated
bedrock-ti11 surface,

The water budget of the calibrated model presented in Table 3.3 indicated
that infiltraticn from precipitation, which amounted to 1,569 x 10* m?/day,
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TABLE 3.3. Water Budget from the Calibrated Steady-State
Groundwater Flow Model for October, 1984
Conditions. Values are in cubic meters/day.

Sources of Recharage

Infiltration of precipitation 1.570 x 108
Lake 233 constant-head boundary 3.126 x 10°%
Total recharge , X

Sources of Discharge

Swampy area and stream channel

constant-head boundary 4.69 x 10°%
Total discharge 1769 x 10°

accounted for about 36% of the total recharge to the simulated area. The
remainder of the recharge, 2.77 x 10°® m®/day, was derived from the Lake 233
boundary. A1l discharge at the swampy area and the stream channel houndary
along the southwest part of the model was simulated. This budget is similar
to the budget calculated for limited-data simulations.

3.2.3 Radionuclide Transport Modeling

The calibrated steady-state flow model based on the detailed data was used
to provide the hydrologic framework for remodeling the limited-data trans-
port simulations made in the early part of this study. This modeling was
redone to evaluate the effect of using the detailed site data on initial
model results. This modeling used the same grid, boundary conditions, and
release scenarios used in the limited-cata simulations. The following dis-
cussion focuses on results from the simulations of ?°Sr transport because

previous results indicated that other radionuclide transport would not be
significant,

3.2.3.1 Strontium-90 Transport

The three waste release scenarios simulated with the limited data were re-

produced using the detailed-data calibrated steady-state fiow model. These
scenarios are as follows:

* one-year release of 1000 curies of *%Sr using a constant retardation
factor

* one-year release of 1000 curies of *°Sr using a retardaticn factor
that varies in space from 2 to 25

* thirty-year release of 1000 curies of ?°Sr using a constant retarda-
tion factor,

In general, simulated results of these waste-release scenarios were nearly

identical to simulated results of the same scenarios derived from the limi-
ted-data model.
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Model results from the l.year release with a constant retardation factor are
presented in Figure 3.14. With a retardation factor of 25, the model re-
sults at the end of the simulation indicated that groundwater containing 10
pCi/1 had migrated downgradient about 335 m from the disposal site. Con-
centrations in groundwater directly beneath the disposal pit were about
14,800 pCi/1. Peak concentrations of about 415,000 pCi/1 were simulated
about 638 m downgradient from the site. With a retardation factor of 75,
concentrations of about 10 pCi/) were simulated about 180 m downgradient
from the pit. Concentrations directly beneath the pit were about 1 million
pCi/1. Peak concentrations of about 1.3 million pCi/1 were simulated about
50 m downgradient from the disposal pit.

Model results from a 1-year release with a variable retardation factor are
presented in Fiqure 3.15. A comparison of these results with those from the
other simulations indicated that, as expected, early migration of *%Sr was
more rapid. For this particular set of retardation factors, °?Sr concen-
trations of 10 pCi/1 moved downgradient about 160 m after 4 years, 225 m
after 10 years, and 380 m after 30 years. Peak concentrations were similar
to those predicted for the first scenario but had migrated a significantly
longer distance from the disposal pit. After a period of 30 vears, concen-
trations of about 5,000 pCi/) were simulated at the disposal pit area. Peak
concentrations of about 680,000 pCi/1 were simulated about a distance of

140 m downgradient from the pit.

Mode)l results from a 30-year inventory release are presented in Fiqure 3.16.
A comparison of these results with those in Figure 3.14 shows that the
nverall transport of the plume is about the same for both scenarios., How-
ever, concentrations within the plume have a distinctly different distribu-
tion. Unlike the l-year release where the peak cancentration migrates away
from the source area, the peak concentration during the 30-year release
generally remained in close proximity to the disposal pit area. The mag-
nitude of peak concentrations during the first 4 to 6 years of the simila-
tion were, as expected, generally smaller than peaks predicted for the first
year release. After 4 years of release and a retardation factor of 25, the
peak concentration from the 30-year release was about 3.6 million pCi/l, a
decrease of 2.4 million pCi/1 over the peak concentration for the first year
release. However, during the remaining time, peak concentrations for the
30-year release become increasingly larger than those simulated in the first
year release, At the end of 30 years, peak concentrations for the 30-year
release simulation using a retardation factor of 25 were 4.6 million pCi/],
almost a factor of 10 greater than peak concentrations predicted in equiva-
lent first year simulations.
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A.0 FIELD SAMPLING, MEASUREMENT AND

MAPPING OF ﬁﬁﬁ!UﬁUCLlEE MTGRATTON

Previous monitoring and hydrogeochemical studies performed by CRNL staff at
the Nitrate Disposal Pit Site have defined the early radionuclide migration,
In October 1984, a joint PNL/CRNL field sampling and measurement program was
conducted at the Nitrate Disposal Pit site to detemmine the actual radio-
nuclide migration that had occurred during the past 30 years since disposal
of radioactive wastes at this site, These measurements, together with ex-
tensive groundwater sampling, gross beta, and *°Sr analyses conducted by
R.W.D. Killey of CRNL, have provided the basis for determining the actual
dimensions of the migrating radionuclide plume,

4.1 BACKGROUND INFORMATION

Details of the past low-level waste management activities and of the past
and current environmental monitoring and geochemical studies conducted at
the Nitrate Disposal Pit site at CRNL are presented in this section, At
this site, mixed fission products were released to an infiltration pit
beginning in 9?3. Monitoring of contaminant movement in the groundwater
began in 1955'%) and periodic measurements have continued to map the posi-
tion of the ?°Sr plume front to the present time, Geochemical studies
conducted at or near the si?e have h§1ped elucidate the retardation mech-
anisms afforded by the soill7+8,%9,1%9)  The extensive array of multi-level
monitoring at this site has permitted a very detailed mapping of the *°Sr
plume migrating in the groundwater from the disposal pit. Thus, this site
affords an excellent opportunity to compare model/code predicted radionu-
clide transport with actual migration that has occurred during the past 30

years,

During the operation of the Nitrate Decomposition Plant, mixed fission prod-
ucts were released to the infiltration pit beginning in 1953, Among these
were %9Sp, 108py, 137Cg . and '*“Ce (see Section 4.2), Monitoring of con-
taminant movement began in 1955 using geiger counter scans of a series of
dry wells, and by 1955 activity had migrated 75 m from the pit.(8), By
1957, radiostrontium was detected 150 m from the source, and '°®Ru was de-
tected in the groundwater discharge area, Between 1957 and 1961, the %Sy
plume front advanced only an additional 50 m, and a detailed map of the
radiostrontium plume was co?s§ructed based on approximately 600 soil samples
collected from 45 boreholes'®), The subsurface inventory calculated from
that survey was 800 Ci, in good agreement with the estimated input and im-
plying that all of the *°Sr had entered the flow system, That survey also
showed that 95% of the *°Sr had migrated less than 160 m; the center of mass
of the plume was not advancing as quickly as the leading edge.

The position of the plume front was determined in 1966 and 1971 (W. F. Mer-
ritt, unpublished data), and the entire plume was mapped in detail in 1983,
The total inventory of ‘°Sr calculated from the 1983 survey (and decay-
corrected back to 1954) was 680 Ci, The center of mass of the plume in the
1983 data is slightly less than 100 m from the source, although the leading
edge has migrated 335 m,
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There are several sources of distribution coefficient (Kq) data for *°Sr
that can be applied to the Nitrate Plant plume. Conventional laboratory
batch testing of sediments collected adjacent to the plume and local ground-
water yielded a mean K4 of 13.8 ¢ g 4 ml/g (7). This is similar to other
batch measurements of CRNL sands ! 5 Distribution coefficients can also be
calculated for the plume front using the retardation equation, From mea-
sured and calculated groundwater velocities and the data on plume front po-
sition since 1961, a consistent Kq of 2 m1/g is obtained, The third source
of K4 information is the samples from the plume itself, Cores obtained dur-
ing drilling were sectioned and centrifuged to extract pore water. Both
sands and waters were counted for *°Sr, providing in situ values for K4.
Results of the in situ tests provided a very large range of Kq's (1 to 110
ml/g), with a mean value of near 50 m1/g near the center of the mass and de-
creasing to about 20 m1/g near the front of the plume,

The cause of the discrepancy between the laboratory and in situ K4's is the
presence of multiple mechan1sms of *°Sr adsorption. Short-term contact be-
tween solutions containing *°Sr and sediments results in sorption that is
truly ion exchange and readi1y reversible, k ?ger -term contact results in
addvtz 9a1 removal of ?°Sr by chemisorptign Studies by Melnyk, et
have observed chemisorption of " "Sr in long-term laboratory ex-
periments. They proposed a first order reaction with a half-time of
2 years when fitting a combined ion ?xghange/chemisorption model to data
from the CRNL glass block experiment!®),

The rapid migration of *°Sr in the first 2 years after disposal has been
attributed to the high jonic strength and calcium concentrations in the
aqueous waste following neutralization in the 11mestone-1ined nfi‘?ration
pit. Chromatographic separation of the calcium and strontium' deter-
mined a strontium/calcium selectivity coefficient of 1.3 for Chalk River

sands and may be the reason for the decrease in *°Sr migration for the bulk
of the plume. The relatively high velocity of the plume front ma{ ?e a re-
sult of residual enrichment of calcium on the soil exchange sites 4

Although '*’Cs was a major component of the waste discharged to the infil-
tration pit, almost all of it has moved less than 15 m during the past 30
years, Sampling in 1984 did detect trace (<10 pCi/1) quantities of '° C§
100 and 400 m from the source, as well as very low levels (<5 pCi/1) of *%°Co
and '**Eu. No '°°Ru or '“*Ce was detected (1imit 0,02 pCi/1), both of which

zould have been reduced to 1 E-9 of their input inventories by radioactive
ecay.

Recent field measurem%nts performed by R.W.D, Killey of CRNL have further
defined the present *°Sr migration plume, These measurements have been
supplemented by a joint PNL/CRNL field measurement program conducted in
October 1984 to further define movement of *°Sr and other long-lived radio-
nuclides in this slightly contaminated groundwater plume.
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4.2 RADIONUCLIDE SOURCE TERM

During 1953 and 1954, approximately 3780 liters of radicactive liquid were
discharged into the soil at the Nitrate Disposal Pit site in the low-level
waste disposal area of the Chalk River Nuclear Laboratories.(8) This waste
came from a small ammonium nitrate decomposition plarti in which solutions of
aged waste fission products were treated to remove large quantities of dis-
solved ammonium nitrate and were then concertrated by evaporation. A small
pit (55 m®*) had been excavated close to the Nitrate Plant and partially
filled with crushed limestone to receive the condensate from the decomposer
unit., The pit was constructed so that its base was within 7 to 8 m above
the average water-table elevation. The limestone 1ining helped neutralize
the acidified waste solutions before they entered the underlying sand lay-
ers. After one year's operation the process was halted, By this time the
pit had absorbed much more liquid than had been anticipated, owing to
spillage and malfunction of the equipment,

During 1954, a number of radiocactive spills from the decomposer unit were
cleaned by hosing the contaminated area and allowing the washings to drain
into the disposal pit, Under these conditions, precise measurements of the
waste disposal were not possible although the relative proportions of *°Sr
and '*7Cs were known for the larger spills,

The total activity from all the waste solutions was estimated to be between
1000 and 1500 Ci of mixed fission products, of which 700 to 1000 Ci were
%95r and 200 to 300 Ci were '*’Cs., The solutions contained acids and com-
plexing agents, although the concentrations and total quantities of these
constituents discharged to the pit have not been documented.

4.3 FIELD SAMPLING

The Environmental Research Branch of CRNL has been monitoring the movement
of radionuclides in the groundwater near the Nitrate Disposal Pit for many
years, A large number of monitoring wells have bLeen installed at this site
for this purpose. Recently, CRNL installed additional monitoring wells to
complement the existing set, and performed extensive groundwater sampling to
characterize the slightly radioactive groundwater plume., The groundwater
was analyzed for gross beta activity and some samples for *°Sr, 1In October
1984, a joint PNL/CRNL large-volume groundwater sampling program was con-
ducted at this site to measure the 10CFR61 radionuclides. Seven monitoring
wells (see Figure 4,1) were sampled by processing 174 to 227 liters of
groundwater through Battelle Large-Yolume Water S?m?}ers (BLVWS)., These
samplers have been described in detail elsewhere,!!

The seven wells chosen for large-volume water sampling were located at the
approximate center line of the gross beta (essentially due to *°Sr) plume
originating from the Nitrate Disposal Pit, These wells included C-125,
c-119, C-27, C-69, C-89, C-54, and C-3 (a well in the opposite direction of
the main plume), Groundwater was sampled by connecting to in-place piezome-
ters and pumping the water to the surface with a self-priming, bellows-type
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mevrering pump (Gorman-Rupp) having wetted parts made of polyproplylene (see
Figure 4.2). After pumping the piezometers for about 30 minutes to clear
each sampling point, the water was then pumped through an acrylic in-line
filter assembly loaded with a 30-cm diameter, 0.4 pm Nuclepore polycarbon-
ate filter for removal of particulate radionuclides, The filtered water
then passed through a large-volume water sampler designed at Battelle,
Pacific Northwest Laboratories to remove cationic, anionic, and uncharged
soluble species of the radionuclides from the groundwater, This sampler
consisted of three duplicate adsorption beds through which the water flows
in the following order: 1) dual 20-cm diameter x 2.5-cm-thick cation resin
beds (Dowex 50 x 8, H* form, 200-400 mesh); 2) dual 20-cm diameter x 2.5-cm-
thick anion res:n beds (Dowex 1 x 8, C1= form, 200-400 mesh); and 3) dual
20-cm diameter by 0,6-cm-thick beds of activated aluminum oxide. The cation
and anion resins quantitatively remove solubie radionuclides in cationic and
anionic forms, respectively, The activated aluminum oxide removes radionu-
clides existing in soluble, nonionic forms, Each bed is constrained by a
sharkskin filter and a glass fiber filter. The effluent from each sampler
was collected in 250-1iter plastic-lined barrels and then pumped through an
integrating water-flow meter to measure the total volume processed through
the sampler, After the groundwater sample had been pumped through the sam-
pling unit, 10 1iters of fresh, filtered water was pumped through the sam-
pler to rinse out the interstitial groundwater from the resin and aluminum
oxide beds.

Following the sampling, the samplers were disassembled in the field (Figure
4.3) and the resin and aluminum oxide beds and the prefilters were individ-
ually packaged and returned to the laboratory for nondestructive gamma-ray
spectrometry, followed by detailed radiochemical analyses for low-energy
photon, beta, and alpha-emitting radionuclides of interest on selected sam-
ples,

In addition to the radionuclide sampling, various important groundwater
constituents and parameters were measured, These mweasurements are described
in some detail in Section 4.5,

4.4 RADIONUCLIDE ANALYSES

The filters, resins, and aluminum oxide were packaged in standard counting
geometries and counted on large Ge(Li) gamma-ray spectrometers, The count-
ing intervals ranged from 300 to 1000 minutes, The gamma-ray spectra were
analyzed using a computer program that searches for and sums peak area,
subtracts background areas, applies decay corrections and volume factors,
and calculates an error term based upon background and peak counting rates,

Following the gamma-ray spectrometry, aliquots of the filters, resins, and
aluminum oxide were leached with appropriate acid mixtures to remove the
radionucl ides requiring radiochemical separations. The acid solutions were
then subjected to radiochemical procedures for the radionuclides of inter-
est., Strontium-90 was analyzed in all seven samples, and a comprehensive
10CFR61 radionuclide analysis was performed on fon-exchange recin samples
from the well (C-119-2) closest to the Nitrate Disposal Pit having the high-
st gross beta and *°Sr activity,
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The proceduras used for the radiochemical analyses are briefly described as
follows:

Strontium-90 - Strontium-85 was added as a yield tracer and the radiostron-
tium was purified by consecutive carbonate and fuming nitric acid precipi-
tations. After an ingrowth period for *°Y, the yttrium was separated by
oxalate precipitation and determined by counting in a thin window beta pro-
portional counter, The *°Y was confirmed by beta-decay measurements, and
the *“Sr calculated from the *°Y daughter measurements,

Technetium-93 - Technetium-$, was added as a yield tracer, and the techne-
tium was purified by repeated iron hydroxide scavenging, followed hy anion
exchange ceparation, The technetium was then electrodeposited onto a copper
disc and **Tc measured in a thin window beta proportional counter and con-
firmed by beta-absorption analysis.

lodine-129 . lodine-131 was added as a yield tracer and the radioiodine was
purified by anion exchange and solvent extraction with CCly, The purified
fodine was precipitated as cuprous iodide and the '?*1 determined by measur-
ing the 29 keV Xe Ka x-rays on a thin window intrinsic germanium detector,

Plutonium-238, 239, 240 - Plutonium-242 was added as a yield tracer, and the
plutonium was puri*iea by anion exchange separation and electrodeposited on
a stainless steel disc, Plutonium isotopes were determined by counting in
silicon surface barrier detectors,

Iron-55 - lron-59 was added to the filtered and leached samples as a yield
tracer and the radioiron was purified by hydroxide precipitation and anion
exchange ;Sparations. The purified iron was electrodeposited onto a copper
disc and ""Fe determined by measuring the 5.9 keV Mn Ka x=rays using a thin
window intrinsic germanium diode,

Nickel-59, 63 - Nickel-65 vas added as a yield tracer, and the radionicke)
purified Sy'ﬁydroxide and dimethylgloxime procipitation, The purified
radionickel was electrodeposited on a stainless steel disc and ®°*Ni deter-
mined by beta counting on a windowless, anticoincidence shielded beta pro-
portional counter, The *°Ni was determined by measuring the 6,9 keV Co ¥a
x=rays using a thin window intrinsic germanium diode.

4.5 CHEMICAL ANALYSIS OF GROUNDWATER

In addition to the radionuclide measurements, groundwater sampl2s were ana-
lyzed in the field at the time of sampling for those parameters and constit-
uents requiring immediate measurement. These included temperture, pM, Eh,
dissolved oxygen, alkalinity and Fe*® /Fe™, Also, separate water samples
were collected from each site for trace elements, anions, sulfide, and dis-
solved organic constituents,

Temperature was measured on a flowing water sample with a me  ry thermome-
ter. The pH was measured immediately after sampling, usir . -0ss (Orion
Research) combination pH electrode connected to an Orior ¥ - A07A/F Spe-
cific lon Meter, Calibraticn solutions buffered by pH 7.0 .4 4,0 were used

to c:librate the pH meter immediately before measuring the pM of the water
samples,
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The Eh of the water was measured by inserting a standard calomel electrode
and a platinum inlay electrode (Corning) into a lucite cell through which

the water was allowed to flow at several hundred ml+min=', The electrodes
were connected to an Orion Model 407 A/F Specific lon Meter, Immediately

after making the Eh measuremenrt, the electrodes were immersed in Zobell's

¢olution as a check against the platinum-calomel electrode pair,

Dissolved oxygen and alkalinity were measured using a Hach Digital Titrator
Kit, Dissolved oxygen wi measured by the Winkler method with azide modifi-
cation and a 200-m) sam, 2 size. Titrations were performed with the Hach
digital titrator (Hach Company) and a prestandardized solution of phenyl-
arsine oxide. Alkalinity was titrated to pH 4.8 using the digital titrator
and prestandardized 0,1600 N H2S0s.

At each site, a 0,4 um Nuclepore filtered water sample (2000 m1) for trace
element analysis was collected in a carefully acid-cleaned polyethylene
bottle, and 20 m1 of Ultrex hydrochloric acid (J. T. Baker Chemical Co.) was
added as a preservative., This sample was also used to measure the ferrous/
ferric iron concentrations in the water within a few days after sampling.

Also at each site. a 250-m1 Nuclepore filtered water sample was collected
and stored in a precleaned polyethylene bottle for anion analysis by ion
chromatography, a 2000-m1 water sample (filtered through a silver filter)
was collected and stored in a precleaned teflon bottle for analysis of
dissolved organic constituents, and a 250-m1 Nuclepore filtered water sample
was collected in a brown glass bottle and preserved with an alkaline anti-
oxidant for analysis of sulfide, A fresh stock of alkaline antioxidant
preservative was prepared by adding 7.2 g ascorbic acid and 18,6 g of di-
sodium dihydrogen EDTA to 100 m1 of 12% NaOM, Twenty-five milliliters of
this solution were added to 250 m1 of each water sample,

4,6 RESULTS OF RADIONUCLIDE AND CHEMICAL ANALYSES OF GROUNDWATER

This section describes the results of the radionuclide analyses of the large
volume water sampl. collected from the Nitrate Disposal Pit plume, It also
describes the chemical properties of the groundwater at this site,

4.6, Gamma-Emitting Radionuclides

The results of the direct gamma-ray spectrometry of the jon-exchange resins,
aluminum oxide and filters are given in Appendix B, The groundwater at this
site is precticilly free of 1on9.11ved gamma-emittin? radionuclides, which
included **Mn, ““Co, **Zr-Nb, 173,108p, 13%-137¢c Tasgy iMece apg 152-
Y$%Eu. Well C-3, located between the Nitrate Disposal Pit and Lake 233, was
completely devoid of this group of radionuclides. Well C-125, which was
9:111ed closest to the disposal pit, contained only trace concentrations of
Co in the groundwater, The highest gross beta and *°Sr concentrations
were found at Well C-119; however, this well contained nondetectable amounts
of gamma-emitting radionuclides, except a possible trace of '*“Eu which was
very near its detection limit, Well C-27, located some 100 m downgradient
from the disPQ;al Fit, contained 5 pCi/1 of cationic '*"Cs and 0.87 pCi/1 of
particulate Cs. This well and the adjacent Well C-81 contained some of
the highest gross beta and *9sr concentrations observed downgradient from
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;Qe dispo§§1 pit (see Section 4.5.2). The only other well t~ show traces of
Co and Cs was C-54-3 which was near the swampy area whe'e the
groundwater emerged some 450 m downgradient from the disposa, pit,

From the above measurements it is obvious that no significant migration of
any long-lived gamma-emitters has occurred in the groundwater at this site.
Cesium-137 would be expected to be the most abundant long-lived gamma-
emitting fission product oresent in the disposa' pit, but its near absence
in the groundwater downgradient from the pit indicates that this radionu-
clide is firmly attachgq to the soil immediately under the disnosal pit.
The observation that '*’Cs has not sianificantly migrated from its source
supports the predictive transport madeiing results described in Section 3.

4.6.2 Comprehensive Radionuclide Analyses

The well with the highest gross beta activity (C-119) was selected for
comprehensive radiochemical analyses to < termine what other long-lived
radionuclides may be present in the groundwater at this site. Table 4.1
lists the zoncentrations of 10CFR61 radionuclides present in cationtg and
anionic forms in the groundwater of this well. It is obvious that " 'Sr is
the overwhelming radionuclide constituent of this groquwate§‘~hav1ng a mea-
sured concentration qf 280.00Q,QC1(1. Only traces of " Fe, Eu and the
plutanium isotopes Pu and »“""Pu were the other detectable radionu-
clides being present near their detection limits. The plutonium isotopic
compositior 1nd1cate§’1ts source to be very high burnup reactc* fuel or iso-
topically separated Pu. This plutonium wa: mainly present in a cationic
form and may have been transported to this location as part of a slug of the
original low pH aqueous discharges containing complexing agents. The cat-
fonic nature »f the plutonium at this well was unusual for groundwater at
the CRNL LLW management area. Previous studies have indicated that the

plutonium migrfxang from other disposal sites at CRNL is predominantly in an
anionic form. !

Strontium-90 and gross beta measurements were made on all seven well samples
used for large-volume water sampling., These data are presented in Table
4.2. The gross beta measurements were determined by evaporating 10 ml of
the groundwater samples to about 1 ml and transferring to 2.5-cm diameter
stainless steel counting planchets. The samples were evaporated to dryness
and counted cn a proportional coypter. A D/C factor of 2.26 was used for
calculating the activity due to " Sr +# " Y. This D/C factor reprgients an
Jyerage of tne counting efficiencies of the beta qurgies’Que to ""Sr and to
Y. The computed disintegration rate due to the " 'Sr Yex Y was then
divided by two to obtain the contribution from only the ""Sr activity.

As shown in Table 4.2, the gross-beta-to-"Sr-activity ratio ranged from
0.93 to 1.57. The reason for the ratios which were significantly greater
than unity is not known because no other detectable radionuc)ides were ob-
served in the gawma spectra or from radiochemical separations.
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TABLE 4.2, Strontium-90 and Gross Beta Activity of Groundwater
Samples from the Nitrate Disposal Pit Plume, October 1984

CRML
Gross Ratio Gross
Sample Sample Volume Beta 905y Gross Beta
Location _ Date (liters)  (pCiz1)  (pciz1)  8-90sr  (pCi/1)
C-3-2 10/17/84 192 610 <14 —
(15" depth)
C-125 10/15/84 174 72,800 46,430 1.57 98,000
(2" dia. well,
40' depth)
c-119 10/13/84 187 406,000 280,00¢C 1.45 675,000
(2" dia, well,
46' depth)
C-27-111 10/16/84 204 34,400 35,900 0.930 594,000
(27' depth)
C-69-11 10/9/85 200 262,000 201,000 1.30 191,000
(36' depth)
C-89-11 10/10/84 215 16,900 15,600 1.08 10,000
(36' depth)
C-54.3 10/10/84 227 <190 <14 P
(20" depth)

* A1l of the CRNL gross beta results were for samples collected about one year before

the PNL samples, except for Well C-27-111 which CRNL sampled 1700 days before the
PNL samples,

4.6.3 Chemical Analyses

Table 4.3 shows the chemical analyses of the groundwater sampled in October
1984 by PNL. The measurements were made in the field immediately after
sampling or, in the case of Fe*?/Fe*’  within two days c¢7 sampling. In
general, most of the groundwater samples were oxidizing and typical of sur-
ficial aguifers in this region, The main exception was Well C-69 which had
the most reducing Eh, tiie lowest dissolved oxygen, and the highest alkalin-
ity and Fe*? concentrations., These conditions may reflect the remnants of a
slug of the acidified disposa) pit effluent which dissolved Ca** and Fe*?
from the limestone-lined pit and transported it away at a decelerating rate,
This well aiso contained one of the highest downstream concentrations of
9sr (see Section 4.,7).
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TABLE 4. 3,

Sample
Sample Sample Volume
Location Date {(liters) pH Eh (mV)

c-3-2 10717784 192 4.65 +410
(15° depth)
C-125% 10/15/84 174 5.10 +475
(2" dia. well,
40" depth)
c-11¢ 10/13/84 187 5.45 +505
(2" dia. well,
46' depth)
C-27-111 10/16/84 204 6.00 +450
(27 depth)
C-69-11 10/9/84 200 £.30 +330
(36" cepth)
C-89-11 10/10/84 215 5.05 +405
(36* cepth)
C-54-3 107/10/84 227 5.30 +460

(20" depth)

Chemical Analysis of Chalk River Groundwater Samples, Octobe, 1984

Dissolved Alkalinity
Temp. (mg/1 as Fe*2

0
) _(wgN) _Ca03)  (pg1)

12.0 0.90 1.5 270
12.5 2.74 5.2 7.0
12.C 1.70 - 4 <3
11.0 4.68 10.9 <3
10.¢ 0.1C 24.0 5000
10.0 0.57 15.9 410
g.0 3.34 ¥ <3

Total

<3

<3

4600

560

<3



Two other wells, C-3 and C-89, also tended to exhibit relatively more reduc-
ing conditions, Well C-3 was located between the disposal pit and Lake 233
and contcined no fission product radionuclides., The chemistry of the
groundwater at this site was undoubtedly influenced by recharge from Lake
233,

4,7 MAPPING OF EMPIRICAL DATA

The exten;ive gross beta measurements made by CRNL, which essentially repre-
sent the *°Sr transport in the downgradient groundwater from the Nitrate
Dispogg\ Pit site, were plotted in 2 two-dimensional plane to define the ac-
tual ""Sr contaminant plume, This CRNL data set, which represents some 100
monitoring wells and over 1000 sampie piezometers covering the immediate
plume area (see Figure 4.4), has proven extremely useful in defining the
greal and vertical dimensions of the plume that has developed over the past
0 years,

The *°Sr concentrations (represented by the gross beta measurements) have
been plotted in a two-dimensional horizontal plane using two different
methods, First, the peak *sr concentrations observed over the thickness of
the saturated zone at each monitoring well were plotted and contour lines
developed to map the plumes of the peak activities. The plume .eveloped
from this exercise is shown in Figure 4,5, The principal fea’.ures of this
plume are its relatively narrow width, its converging distribution down-
stream, and the presence of two "hot spots" at the plume centerline at
distances of approximately 330 ft and 740 ft downstream from the disposal
ggt. The two "hot spots" may be the remnants of slugs of relatively high

5r concentrations released to the groundwater in acidified discharges to
the limestone-1ined disposal pit, The low initial pH of these discharges
and the high concentrations of Ca** jon gissolved from the 1imestone by the
acid would minimize the retardation of %Sy during its movement through the
sofl unti) neutfalization and absorption processes reached an equilibrium
state, Parsons''®) has shown that this has 1ndesg occurred at this site and

c$u1d explain the reason for the "hot spots" of *°Sr downstream in the
plume,

The second method of plotting the Mgy plume was conducted in a manner in
which the concentration contours would be more comparable with the predicted
radionuclide migration estimated by the predictive model ing processgs de-
scribed in Section 3 of this report. In this mapping, the avera ®Sr con-
centration throughout the thickness of the saturated zone of the surficial
aquifer was determ?neg and plotted in a two-dimensional horizontal plane.
The averaging of the *°Sr concentration vas accomplished by computing the
total pCi contained in the grourdwater in each vertical column of soil and
dividing by the total volume of water in the column, A 10 cm x 10 cm surs
face area was assumed, and this area was multiplied by the depth interval
(in cm) sampled by each piezometer in a monitoring well, The resulting vol-
ume was multiplied by an average porosity value for the soil (0.35) to give
the interstitial vg1ume of the soil which was assumed to be filled with
groundwater, The *°Sr concentration of the sampled groundwater was multi-
plied by the total water volume contained in each respective sampled section
to give the total pCi of **Sr in each section of the well, This process was
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continued through the entire thickness of the saturated zone at each well,
Extrapolation was performed for those vertical sections which were not sam-
pled. The tota! pCi of *°Sr in the entire vertical section was then summed
and divided by the total water volume contained in the entire section to
give an average *°Sr concentration, This provided concentration contours
directly comparable with the output of the predictive transport modeling
which also produces average **Sr concentrations over the surficial aquifer
thickness, The *%Sr plume determined and mapped by this method is shown in
Figure 4,6, The general shape of the plume of the average *°Sr concentra-
tions in the groundwater is very similar to the plume mapped by plotting the
g%ak %9Sr concentrations at each monitoring well, e.g., each plume is rela-
tively narrow and converges near the downstream end, The averaging of the
995 concentrations, as shown in Figure 4,6, does not show both “hot spots"
as seen in Figure 4.5, although the narrow downstream maxima are evident at
the transect of wells located distances of 740 and 870 ft downstream from
the pit.

The vertical distribution of *°Sr in a cross-section along the centerline of
the plume developed by 1984 is shown in Figure 4,7, The plume map is supers
imposed over a cross-section of the major 1ithologic inits comprising the
deposits in this region, The plume has migrated through the layer of fine
to very fine sand, Initially, the upper boundary of the plume closely
follows the top of the water table downgradient for about 150 m. Then the
plume dips several meters below the water table between about 500 to 1000 m
downgradient from the source, The lower boundary of the plume is confined
by the bedrock surface over msit of the downgradient distance,

The *°Sr concentrations as 2 function of depth at each monitoring well along
each of the eight transects of wells across the contaminant plume were
plotted in cross-section to provide profiles of the plume (see Figures 4.8
to 4,15), A vertical exaggeration of 3,3 to 1 was used to provide more
convenient plotting of the data,

Figure 4,8 shows the plume cross-section 50 ft downstream from the pit,
This profile is open-ended on each side because it appears that the plume
profile at this pcint was wider than the coverage of the two monitoring
wells which were sampled, This erofi1e showed a maximum *®Sr concentration
at a depth of about 42 ft, The *%Sr cross-section at the 140-foot tran-
sect (Figure 4,9) had a width of about 170 ft, with maximum concentrations
occurring between depths of 40 to 52 ft, At the 300-foot transect (Figure
4,10), the plume had widened to about 220 ft in Wel) C-81, Figures 4,11
through 4,16 show the cross-sectional profiles of the *°Sr as it has moved
downstream and converged into a more narrow and dilute plume, The down-
stream *°Sr maxima were readily observed at the 740- and 870-foot transects
in Wells C-71 and C-77 at depths of 36 and 38 ft, respectively, No de-
tectable *°Sr could Le measured past the 1150-foot transect,
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The actual *°Sr plume was about 3 times narrower at its widest part than the
predicted plumes that were in closest agreement, i.,e., those using & retar-
dation factor of 25 (see Figure 5,1). The narrow width of the observed
plume is probably a function of the rather uniform sorting and fine-grained
texture of the surficial sand, These characteristics would have a tendency
to minimize hydrodynamic dispersion that might otherwise occur in a more
heterogenecus material,

The predicted extent of lateral movement provided a conservative estimate of
the spreading and is mainly a function of the numerical dispersion caused by
the coarse grid spacing currently being used in the model. This spreading
could be reduced by rogining the finite element mesh in a direction trans-
verse to the principal direction of groundwater movement, A reduction in
transverse spreading would increase contaminant concentrations within the
plume, The increased concentrations and an associated increased concentra-
tion gradient would result in increased downgradient migration.

For example, if a finite element grid where the grid spacing is decreased by
a factor of about 3 in a direction transverse to the principal direction of
groundwater movement is used such as is shown in Figure 5.2, results for the
same release experiments would be significantly different, The effect of
reducing the transverse grid space is demonstrated in the examples of the 1-
sear inventory release presented in Figure 5.3, With the smaller grid spac-
ing, the simu{ated plumes are much more narrow and have higher concentra-
tions downgradient than were predicted with the current grid, At the same
time, becavse grid spacing is larger in a downgradient direction, the pre-
dicted plunes migrate much further than they do with the current grid, A
reduction in grid spacing would continue to reduce the amount of lateral
spreading on predicted results until this numerical dispersion becomes less

than the amount of dispersion attributable to the simulated longitudinal and
transverse dispersivities,
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6.0 CONCLUSIONS

Subpart D, Section 61,50(a)(2) of 10CFREY, "Licensing Requirements for Land
Disposal of Radicactive Waste," states that a “disposal site shall be capa-
ble of being characterized, modeled, analyzed and monitored.” In order to
test the concept of “site modelability," a 30-year old low-level radiocactive
waste disposal site at Chalk River Nuclear Laboratories (CANL), Canada, was
used as a field location for evaluating the process of site characterization
and the subsequent modeling predictions of radionuclide transport from the
site by groundwater, The radionuclide source term was 2 imestone-1ined pit
(since covered with soil) which in 1953 to 1954 received approximately 2800
liters of aqueous waste containing 1000 to 1500 curies of aged, mixed fis-
sion products, including 700 to 1000 curies of **Sr and 200 to 300 curies of
137¢s, This evaluation was performed by comparing the actual measured radio-
nuclide migration with predicted migration estimated from hydrologic/radio-
nuclide transport models., s comparison has provided valuable insights
into the applicability of transport modeling, and in determining what level
of effort 15 needed in site characterization at locations similar to the
Nitrate Disposal Pit to provide the desired degree of predictive capabili-
ties,

The following conclusions have been drawn regarding the process of site
characterization and the ability of predictive radionuclide transport model-
ing to match the observed transport of radionuclides ir the site groundwater
over the past 30 years:

eThe Nitrate Disposal Pit Site at CRNL has provided a very usefu)l field
location for testing the concept of “"site modelability.,"

oThe site characterization plan initially developed for this exercise
proved to be a very useful guide in gathering the necessary data and
conducting the subsequent hydrogeologic and transport modeling.

o CRNL and supplementary PNL field studies provided a well-defined map of
the *Sr plume which has developed over the past 30 years downgradient
from the disposal site,

eBecause the actual "’Sr groundwater plume was very narrow, a large
number (over 100) of monitoring wells with multi-level piezometers pre-
viously installed by CRNL were necessary to adequately define the
dimensions of the observed plume, This is consistent with the belief
that relatively large numbers of multi-level monitoring wells are
needed for operational and post-closure monitoring of low-level waste
shallow land burial sites,

eThe limited-data predictive transport modeling using the limited-data
base generatea by the site characterization plan provided a reasonable
match with the observed downgradient *°Sr migration rate, Major dis-
crepancies between the predicted versus observed migration were noted
by the higher degree (v 3 X) of lateral spreading at the center of mass
of the predicted plume, and the different internal distribution of *®Sr
within the predicted plume,
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o The detailed-data modeling, using the entiri extensive CRNL data base
for this site (over 100 mgnftorigg ucllss. did not significantly alter
the results and conclusions of the simulated radionuclide transport
provided in the limited-data modeliny., However, it should be pointed
out that the similarity in results of the two modeling exercises may be
more a function of the modeling approach in this investigation than in
the level of detail offered by the additional data, For this particu-
lar site, a two-dimensional approach was deemed appropriate because the
perce‘ved level of hctoro?encity did not warrant a full three-dimen-
sional approach. If a fully three-dimensional approach which could
account for all the suttle variations of both vertical and lateral
heterogeneities offered by the detailed data were considered, slight
impr ovements in the conceptual model of flow and transport would no
doubt have slightly increased the accuracy of the model transport re-
sults, The similarity in results may aiso b2 a function of the well
distribution from the detailed data set in that it is closely spaced in
and around the plume and may offer little in the way of additional geo-
logic data.

¢ For this particular site, which is relatively simple geologically and
hydrologically, the minimal data set from the 16 test boreholes selec-
ted in the site characterization plan was adequate for providing the
hydrolegic and geologic fremework for conducting reasonably accurate
predict?ve redisnuclide transport modeling, Fewer boreholes, although
adequate for defining the direction of 3rounduater flow, may not have
provided enough detail to adequately define the geometry of the sur-
ficial sand unit necessary for performance assessment,

e Model results suggest that a great uncertainty in this investigation
was the behavior of the source term, The interaction of the acidic
waste, containing complexing agents, with the limestone-lined pit and
the subsequent behavior of ghe effluents on soils in the unsaturated
zone, and soil and water in the aquifer system are poorly understood.
The inability of the model to properly predict the temporal and spacial
variability of adsorption-cesorption characteristics of the radionu-
clides in question resulted in major discrepancies between predicted
and observed concentration distributions, These discrepancies indicate
the inadequacy of laboratory-derived distribution coefficients in sim-
ulating these types of interactions in a model., A better understanding
of the waste leachate would have to be acquired with further field and
laboratory testing tha* would evaluate both the temporal and spacial
interaction of the waste form with the natural environment.

¢ Model results also pointed to uncertainties related to the dispersive
characteristics of the sediments being modeled. The difficulty of se-
lecting a level of dispersion appropriate for both the types of sedi-
ments and the field scale being modeled is a common pratlem, This
understanding could be improved with field (tracer) tests or midelin
investigations of contaminant plumes in the same soils or in soils o
similar texture and sorting. Laboratory values have been found to be
generally inadequate for the scale of field modeling generally used in
most studies. A better understanding of the appropriate level of dis-
persion for a particular fielas situa?ion will generally lead to a more
appropriate model design (i.e., grid discretion) which would help mini-
mize the problems associated with numerical dispersion,
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PREFACE

BACKGROUND INFORMATION

Section 61.5, Subpart D of 10CFR61, "Licensing Requirements for Land
Disposal of Radioactive Waste," states that any future low-level waste shal-
low-land burial facility "shall be capable of being characterized, modeled,
analyzed and monitored." Implicit in this requirement is the ability to
utilize solute transport modeling to predict the movement of radionuclides
in groundwater from a disposal facility. However, recent studies (1,2,3,
4,5) at low-level waste (LLW) shallow-land burial facilities and other
slightly contaminated sites have shown discrepancies between predicted ver-
sus actual radionuclide migration rates in the ambient aroundwater, Because
of these discrepancies, there is a general understanding, within the scien-
tific community, that site performance modeling may need further refinement
to more accurately predict radionuclide movement from a potential disposal
site, Therefore, predictive transport models need to be evaluated under
actual field conditions to assess their accuracy and identify the weak links
in the mogdeling process.

One of the ways to test the concept of site "modelability" is to com-
pare predicted radionuclide movement using hydrogeochemical modeling with
actual observed radionuclide migration at field sites where radionuc)ides
have been in the ground for many years, Such comparisons will yield in-
sights as to the reliability of models which an applicant might reasonably
use to predict LLW disposal site performance at proposed facilities.

At the Chalk River Nuclear Laboratories (CRNL), Ontario, Canada, a
number of low-level waste shallow-land burial facilities have been in exis-
tence for about 25-30 years, These sites could prove to be useful for test-
ing the concept of site "modelability.” Foliowing discussions with CRNL
personnel, a cooperative research program was established and two disposal
sites having slightly contaminated groundwater plumes were selected for
potential study. This exercise addresses the Nitrate Disposal Pit site, a
low-level disposal facility which received liquid wastes zontaining approx-
imately 1100 curies of mixed fission products during 1953-1954,

PROJECT PLAN AND OBJECTIVES

The plan is to approach this site as though it were a prospective
shallow-1and burial (SLB) site to be licensed under the requirements of
10CFR61. A “pre-operational” site performance assessment involving hydro-
geochemical modeling would first be conducted at the Nitrate Disposal Pit to
predict the temporal movement of radionuclides in the groundwater, The pre-
dicted movement would then be compared with the actual radionuclide migra-
tion which has occurred over the past 30 years to assess the suitability of
the modeling, The "modelability" concept (defined below) for this site will
then be evaluated,

Under the assumption that very little is previously known about this

site, a site characterization plan would first be prepared which describes
the geologic/hydrologic/geochemical measurements and information needed to
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construct a conceptual model in order to perform predictive modeling of the
radionuclide transport in the site groundwaters. In the preparation of this
site characterization plan it is assumed that there are few, if any, exist-
ing wells at the site. Only basic data concerning background geological,
hydrological, and geochemical parameters would be used as input to the
preliminary conceptual and/or numerical models of the subject site, The
procedure for determining the number and location of data points is one of
professional scientific judgment, as opposed to a rigid statistical ap-
proach. This flexible process utilizes an iterative methodology in the
collection and analysis of characterization data, such that the conceptual
model is continually refined and revised as required, This approach is
consistent with state-of-the-art efforts to characterize geohydrologic
environments, These models would, in turn, be used to guide further de-
velopment of the characterization plan. The characterization plan is
designed to provide tne information necessary to build both a defensible
conceptual model as well as defensible flow and transport models of the
subject site.

After completion of the site characterization plan, available hydrolog-
ical and geochemical data at these sites, previously generated by CRNL in-
vestigators, will be utilized to fill the data requirements of the plan and
to predict the movement of selected radionuclides from the site. Finally,
the predicted radionuclide migration will be compared with actual migration
determined from field sampling and analyses of the slightly contaminated
groundwater plumes by CRNL and Pacific Northwest Laboratory (PNL) personnel,

In this project, two levels of numerical modeling are perceived, At
the first level of modeling, only a portion of the existing data set, con-
forming to the well placement selection contained in this site characteriza-
tion plan, will be used to develop a relatively simple groundwater flow and
transport model, such as would be done in an actual siting assessment and
guidance project., That portion of the total data set to be used in a typi-
cal siting assessment guidance project is described in the accompanying
plan, This plan has been designed to provide sufficient data to model the
site, The level of investigation is kept to a minimum, as though licensing
were being undertaken in an effective yet minimum cost manner., The numeri-
cal model will be assessed to assure that no inconsistency exists, e.g., the
mathematical simulation codes used are commensurate with the assumptions
made in the conceptual model and the available data. The transport model
will be exercised using a radiologic source-term equivalent to actual wastes
disposed at the subject site during the early 1950s, and the movement of se-
lected nuclides through the system will be modeled., Simulation will then be
carried forward and compared with present day distribution of contaminants
as determined by field sampling. This comparison is done in order to help
assess the usefulness of this level of site assessment modeling in (1) help-
ing to understand the site through sensitivity studies, and (2) providing a
means to bound the possible consequence estimates.

The second level of modeling will be a more detailed state-of-the-art

effort, carried out using the entire, extensive and available characteriza-
tion data set along with the expertise of Atomic Energy of Canada, Ltd,
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(AECL) personnel (regarding important phenomena which could have been de-
duced without reliance on observation of the actual waste migration data).
The conceptual model will be adjusted as necessary to take advantage of the
30+ years of experience at the subject site, and appropriate alterations in
the modeling technique made.

Finally, a comparison of the results of both modeling efforts will be
made, and those results compared with the field observations of actual
migration. This comparison will provide insight into the level of effort
necessary to meet the regulatory requirement that a site be "modelable."
Additionally, this comparison will serve to differentiate the advantages, if
any, of a more detailed characterization and assessment activity in the
early siting assessment phases.

PROJECT LIMITATIONS AND PRE-CONDITIONS

Certain limitations are applicable to this task and the final results:

e Only existing data sets and/or knowledge that could be obtained
through site characterization efforts based on reasonable time and
cost are to be used in gaining the understanding required to develop
the conceptual and numerical models of the site.

® Specific data requirements “efined by the site characterization plan
may not be available from e;isting sources, thereby necessitating
further simplification of th: conceptual and numeric models.

¢ No attempt is or will be made to asscss the overall suitability of
the study sit 2s a Low-Level Waste Shallow-Land Buria)l site. The
objective is to address the question related to the regulatory re-
quirement that a site be "modelable."

CRITERIA FOR EVALUATING THE "MODELABILITY" CONCEPT

Because the purpose of this task is to address "modelability," it is
important that some mutually acceptable criteria for judging that concept be
developed prior to the actual modeling exercise, This will assure an objec-
tive answer to the "modelability" question. Potential criteria for judging
successful modeling are as follows:

¢ The physics of groundwater flow and transport (as currently under-
stood and/or can be deduced from available site data) have not been
violated.

® The conceptual model has been developed using a data base suffi-
ciently large such that additional data would have minimal impact on
the model.

e The results of the transport analysis are more realistic than a
"back-of-the-envelope" calculation and yet conservative, in that
they allow the bounds of the expected results to be narrowed through
sensitivity studies based on the quality of the characterization
data, In this context, conservative means that transport will
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occur, yet the concentration of contaminants at the monitoring
points, their first arrival, maximum transport rate, and duration
will be predicted to be greater than or equal to those observed in
the field,

The report which follows constitutes the initial task of this project,
the Site Characterization Plan, which a potential applicant might follow for
generating the necessary information needed to predict the performance of
the site, The results of the predictive modeling and the comparison with
actual field observations and measurements will be provided in subsequent
reports,
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SITE CHARACTERIZATION PLAN
CHALK RIVER NITRATE DISPOSAL PIT SITE

1.0 INTRODUCTION

Pertinent background information and a description of the design and
objectives of the entire project are given in the Preface. Tnis report
presents only the site characterization plan which will be used tc guide the
hydrologic modeling efforts.,

The site characterization plan presented herein is developed under Task
1 of NRC Fin B2862, "Demonstration of Performance Modeling of LLW Shallow
Land Burial," which is described ac follows:

Task 1: Assessment of information needs/site characterizalion plan

The performing organization is to develop a plan for characterizing the
Nitrate Disposal Pit Site at Chalk River as if it were an applicant and the
Nitrate Disposal Pit Site was the site to be licensed for LLW SLB disposal,
The plan should indicate clearly (and be 1imited to) the geologic, hydro-
logic, and geochemical information that would be gathered and the locations
on the site where measurements would be taken., The performing organization
would employ a statistically based data gathering and analysis plan showing
the information needed to characterize a new LLW land disposal site and to
predict its performance., Upon completion of this task, the performing or-
ganization shall submit, for NRC review, a report describing the character-
ization plan. The report sho1d show the location of measuring points on

maps and it should indicate the measurements/data that would be collected at
those points,

This site characterization plan was developed for the Nitrate Disposal
Pit Site at Chalk River, although the measurements called for would be iden-
tical at the other Che k River disposal areas., The only thing different
would be the measurin; points. Any additional modeling of sites at Chalk
River, such as hz "A" Disposal Site, would apply insights gained at the
Nitrate Pit Site. A characterization plan for any additional site would be
provided in a future report,

Guidance for determination of those factors necessary to characterize a
site for this project were derived from NUREG-0902, Site Suitability, Selec-
tion, and Characterization, 1982, The initial steps in site selection have
not been addressed, and it has been assumed that the Nitrate Disposal Pit
Site has passed all the screening tests necessary prior to detailed site
characterization and evaluation.

This characterization plan focuses on the data requirements to initiate
and implement predictive transport modeling of selected radionuclides within
the hydrogeologic system at the Nitrate Disposal Pit Site and, therefore, is
limited to geolugic, hydrologic, and geochemical studies necessary to model
the site and evaluate the containment and transport of selected radionu-
clides within the underlying groundwater system. An important aspect of
this task is that no new data are to be developed, all data will be derived
from existing sources made available through AECL's Chalk River Nuclear
Laboratories.
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2.0 TASK STRUCTURE AND SEQUENCE

Under norma’ selection and characterization procedures, several steps
precede the effort outlined in this plan, A regional assessment of general
geologic and hydrologyic features would provide initial selection of a num-
ber of potential sites. Data collected during the earlier phases of the
site selection process include:

1. Regio a) and local geology, including stratigraphy and structure;
2. Reqgional and local hyrirology, both groundwater and surface water;
3 General meteorology gatheve! from the closest weather stations,

Preliminary field observations would then be conducted at these initi-
ally selected sites to assure that the regional information on surface geol-
ogy, hydrology, meteorology, and geochesistry was, in fact, as presented in
the regional assessment., The more optimal of those sites would then be sub-
jected to more rigorous appraisal, further defining the appropriate data
bases. 7! is more rigorous appraisal would provide the starting point for
the site specific characterization outlined here., The present study assumes
that screening of several potential sites has ~hown that the Nitrate Dis-
posal Pit Site is worthy of further investigation.

Qur approach to site characterization is shuwn in the flow chart in
Figure 1. The overall plan begins with the formation of the regional and
local conceptual models using available data, such as topographic maps and
logs from any wells previously drilled in the area. Based upon the initial
conceptual model and professional judgment, the number and location of the
initial field boreholes are determined and the locations prioritized.

The characterization program will then proceed through the drilling and
evaluation process until sufficient data are available fo~ initial numerical
modeling, At this point the initial numerical model is developed and uti-
lized to guide development and refinement of both the conceptual and numeri-
cal models, This process continues until the models, which include the
stratigraphy, hydrology, geochemistry, and site structure have beeu con-
firmed. This end point is reached when additional data will have minimal
impact on the models. Application of rigid statistical analysis at this
point in a characterization effort is considered premature,

The characterization program then proceeds into the flow and transport
analys.s using the finalized models. The flow and transport analysis and
its refinement cortinues until the numerical model reflects the flow and
transport expected at the site under the observed field parameters and
conditions, It should be noted that the degree of acceptable uncertainty
associated with the modeling process is site specific, For simple hydro-
geological systems, acceptable uncertainty is expected to be much less than
for a more complex system, e.g., a sand-dominated system vs, a karstic
limestone, Finally, performance assessment is conducted to predict radio-
nuclide migration and estimate associated uncertainty through sensitivity
studies.
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3.0 INITIAL UNDERSTANDING OF THE SITC

3.1 Regional Hydrogeology

The regional hydrogeology is initially evaluated in order to develop a
regional conceptual model of the surface water and groundwater regimes and
the geolozy. This information is developed by reviewing available litera-
ture, studying topographic maps and aerial photographs, and conducting field
observations., The regional assessment permits a better understanding of the
large-scale geologic structures and groundwater driving forces which influ-
ence the local hydrogeology at selected disposal sites,

3.1.1 Geology

The Chalk River site operated by AECL is located in the Province of
Ontario about 300 miles north of Toronto (Figure 2). The general geology is
typified by shallow sandy sediments overlying a tight glacial till, which in
turn overlies the bedrock, Sediment thicknesses are on the order of a few
tens of feet. The bedrock is crystalline and essentially impermeable, sup-
porting a number of small-to-large lakes in the vicinity of the subject
site. Although there are visible fractures in the bedrock which could theo-
retically support fracture flow, the contrast in hydraulic conductivity be-
tween the bedrock and overlying sediments is so great that, for the purposes
of this project, the bedrock is treated as though it were impermeable., How-
ever, the bedrock does play a major indirect role in the transport of
groundwater by providing a subsurface topography which ultimately determines

the occurrence and thickness of the more recent sediments through which the
horizontal groundwater flow occurs. Because of this control, definition of
the bedrock surface is essential to the modeling effort.

3.1.2 Hydrology

The hydrology of the region is dominated by numerous small drainage
basins which ultimately discharge via smal) streams to the Ottawa River.
These smaller drainage basins often contain moderate-to-small sized surface
water bodies which serve to maintain a recharge source for the associated
groundwater systems, The local bedrock has been scoured by glacial action,
resulting in an undulating, yet gently sloping surface which serves to
direct and control the movement of groundwater.

3.1.3 Regional Conceptual Mode)

The regional conceptual model is one which includes numerous small-to-
moderate size drainage basins which ultimately discharge to the regional
surface water network., Groundwater flow in these small basins is recharged
primarily through precipitation (77 cm/yr), but is maintained through seep-
age from the numerous lakes, The groundwater flow system is overwhelming-
ly one of near surface flow, the bedrock being essentially impermeable,

Flow in the groundwater system is through fine sandy sediments and to a
lesser extent through a till that overlies the bedrock surface. The bedrock
surface plays a major role in controlling the direction of groundwater flow;
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springs and swampy areas are prevalent where bedrock crops out or approaches
the land surface.

3.2 PROPOSED DISPOSAL SITE

The regional assessment of the available hydrogeologic information is
followed by an evaluation of the local hydrogeologic conditions at the se-
lected disposal site. The site-specific information is assessed to see how
it conforms to the regional conceptual model and to evaluate any localized
anomal ies or unusual features.

3.2.1 Local Hydrogeology

The hydrogeology of the proposed disposal site conforms with the re-
gional conceptual model. The disposal pit site will 1ie near the boundary
of a catchment area that drains, via Maskinonge Lake, into the Ottawa River
about 8 km downstream (see Figure 3). The pit will be excavated in a dune
ridge on a terrace approximately 50 m above Maskinonge Lake and approx-
imately 1 km east of the lake. The site is underlain by fine-to-medium
grained sands, interbedded with some silty to clayey lenses, These mater-
tals overlie a tight clayey till, which in turn overlies the crystalline
bedrock. The hydrology of the proposed site is one of predominately
groundwater flow. A moderate sized, shallow lake, Lake 233, is imwediately
east of the proposed site (see Figure 4). To the west, Dewdrop Lake, a
small surface water body, is found at an elevation about 8 m lower than Lake
233, Immediately south of Dewdrop Lake several springs issue from the
sediments (see Figure 4). The resultant stream flows east out of the small
drainage basin through a gap bounded by bedrock outcrops into another un-
named lake, The area in which the springs issue is generally swampy and
typical of a groundwater discharge zone in this enviromment.

3.2.2 Description of Anticipated Wastes and Disposal Pit

The source material for the disposal site will be an ammonium nitrate
solution from fuel reprocessing operations, consisting of approximately 1000
gallons of acid waste containing complexing agents, Activities at the dis-
posal site include decomposition of the ammonium nitrate present in the
solution and concentration of the fission products by evaporation, The con-
densate from the evaporation process and any waste solutions will be drained
to a small pit Tined with limestone. The limestone will serve two purposes;
it will tend to neutralize any acidic wastes and it will serve as a sorption
media for 90-Sr present in the effluent solutions.

Potential source temms at the site could range from relatively high
levels of fission products in the original feed solution, if a spill or
overflow should occur during processing, to the relatively low levels of
contamination associated with the condensate solution from the evaporation
process. The three primary components in the feed solution will be 90-Sr,
88-Y, and 137-Cs, with other fission products present at concentrations
which are assumed to be in proportion to their relative fission yields,

It is estimated that some 1100 Ci of fission products will be dis-
posed at the site and subsequently available as a source term for future
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migration., The portion disposed at the site will be a small fraction of the
radioactive inventory processed at the site,

3.2.3 Initial Conceptual Model

The potential area of concern from a groundwater transport standpoint
is areally small, extending about 610 m in a west-southwesterly direction
(Figure 4). Existing surface water bodies are controlled by the rela-
tively shallow bedrock surface, their existence being an indication of the
limited hydraulic conductivity of the underlying rocks, These lakes serve
as sources and sinks for the local groundwater systems, providing relatively
stable constant head boundaries for the flow system. The majority of the
groundwater flow is through the uppermost sediments overlying the till and
bedrock., Some flow occurs within the till unit, but the clay-rich nature of
the till limits the total amount and rate. Precipitation falling on the
land surface during the warmer months of the year readily infiltrates the
sandy sediments, with the only losses being to evapotranspiration. During
colder periods, extensive and deep frost precludes direct infiltration and
runoff occurs during spring melting periods.

The Nitrate Disposal Pit Site, chosen for this modeling exercise, is
located on a slight ridge immediately adjacent to Lake 233 ?Figure 4), The
proximity of the site to this surface water body at first suggests that
groundwater flow should be toward the lake, and thus readily accessible to
the surface environment. However, it should be noted that the level of Lake
233 is approximately 8 m higher than nearby Dewdrop Lake; also swampy are
with small streams draining them are present near Dewdrop Lake (Figure 4),
These additional pieces of information indicate that groundwater flow at the
pit site may actually be toward the southwest and away from Lake 233, and
that the lake may serve as a relatively constant head recharge boundary for
the local groundwater system, For this reason, the majority of the "pro-
posed" monitoring and observation wells should be placed in the southwestern
quadrant from the pit site. The initial wells would be placed along the
shortest travel path from the Nitrate Disposal Pit Site toward Lake 233 in
order to determine if groundwater flow is in this direction,



4.0 METHOD OF INVESTIGATION

This section of the report presents the data requirements and field
activities necessary for conducting the hydrogeological modeling, The meth-
ods proposed for this effort are based on best professional judgment, Rig-
orous statically based approaches to determine the number and locations of
wells were considered, However, it was concluded that the qualitative na-
ture of the decision-making process in early stages of site characteriza-
tion precludes the use of these approaches. The iterative approach used to
develop both the conceptual and numerical models provides flexibility, al-
lowing the optimum use of resources, The application of sensitivity studies
to ascertain estimates of uncertainty is reserved for final modeling ef-
forts. The data requirements are listed in Section 4.1 and the means of
acquiring these data are discussed in Section 4.2,

4,1 DATA REQUIREMENTS FOR SITE CHARACTERIZATION

The data required to characterize the proposed site are centered around
those necessary to define and refine the conceptual model as outlined above,
These data are to provide the necessary input to numerically model the site
for “he prediction of radionuclide transport., Because of the limited areal
extent of the proposed site, the data gathering activities are concentrated

near the actual proposed disposal site, and more disperse in the downgradi-
ent direction,

4.1.1 Geclogy

Site specific geologic sites are centered around the determination of
those features which ultimately control the movement of groundwater,

4.1,1.1 Bedrock Surface

Determination of the configuration of the bedrock surface is essential
to the understanding of groundwater flow directions and the ultimate con-
trols on the system being modeled.

4.1.1.2 Continuity of Sedimentary Units

In order to successfully model the site numerically, the distribution
of the primary geohydrologic units, in this case the glacial sediments over-
lying the bedrock, must be known, These data provide a means of conceptual-
izing the three-dimensional distribution of the identified units,

4,1.1.3 Structure

It is essential to recognize and account for any structural effects
that may be present in the underlying bedrock. These structural features
may control the presence or pathway taken by potential contaminants., These
structures may range from joint sets to fault-related features.
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4.1.2 Hydrology

The data requirements 1isted here are those which are essential to pro-
vide input into the development of the conceptual and numerical models of
the site,

4.1.2.1 Aquifer Thickness

The saturated thickness of the aquifer being addressed is essential in
the determination of hydrologic flow.

4,1.2,2 Hydraulic Head

Groundwater hydraulic head measurements, including gradients and direc-
tions of flow, are derived from accurate water-level measurements in test
wells, Map plots of the groundwater surface will aid in the development of
the conceptual model of groundwater flow at the site.

4,1.2.3 Water-level Fluctuations

Magnitude and time distributions of water-level fluctuations relate to
the changes in storage within the groundwater system and to the overall
water-budget of the system,

4.1.2.4 Hydraulic Conductivity

This factor is absolutely essential to any hydrologic analysis. It is
proposed that multiple aquifer tests be run on several individual well
structures to ascertain the statistical variability present in the deter-
mination of this parameter, At several locations this parameter should be
determined as a function of depth, which will faciiitate three-dimensional
conceptualization of the flow system, The range of values determined serves
to bound the values used in the numerical modeling,

4,1.2,5 Storativity

Storativity or specific yield of the sediments is their Capacity to
hold water, and is a basic parameter essential for modeling of the site.

4.1.2,6 Effective Porosity

This parameter, although difficult to obtain, is a controlling factor
in the actual rate of groundwater transport and thus the transport of con-
taminants,

4.1,2.7 Dispersion Coefficients

Initial estimates of dispersion coefficients describe the horizontal
spreading of a contaminant front as it moves through a groundwater system,
Field determinations of this parameter provide the starting point for its
inclusion within the modeling effort,



4,1.2.8 Vertical Distribution of Hydraulic Head

Changes in head with depth are indicative of recharge/discharge condi-
tions and thus serve to describe the flow system in the third dimension,

4.1.2.9 Soil Conditions

Partially saturated conditions in the soil column:
a. Soil moisture versus depth
b. Hydraulic conductivity versus soil moisture

4.1.3 Geochemistry

Although the distribution coefficient (K4) approach will be utilized in
the modeling of the subject site, in order to model the transport of contam-
inants with any degree of certainty it is essential to establish the initial
geochemistry of the syctem in question, The following information, some of
which is only used by project scientists to provide insight into parameter
initiation and boundaries, is considered mandatory to perform even a simple
analysis of the retardation of radionuclides by the soil,

4.,1.3.1 Mineralogical and Chemical Characterization of Rock/Sediments

The mineralogical/chemical nature of the rocks and sediments is a major
controlling factor in the distribution of retardation potential within the
hydrogeologic system, For transport modeling the relative amounts and dis-
tribution of minerals along the flow path should be known. Analysis of cat-
ion exchange capacity (CEC), hydrous iron oxide content, and other sediment
chemical attributes would be carried out on selected samples representative
of the hydrogeologic units., Analyses carried out on several samples will
pruvide some statistical basis regarding the variability of these factors.

4.1.3.2 Distribution Coefficients

This simple approach to the retardation of radiocontaminants is the
best available method for ar early analysis of contaminant transport. The
analyses would be run on several sediment samples obtained from the bore-
holes, with samples selected so as to represent the hydrogeologic units
identified, If there is a wide range in the chemistry of the anticipated
waste leachate and/or groundwater, the sorption experiments may also have to

be performed on several types of water which simulate the range of chemical
composition,

4.1.3.3 Chemical Analysis of Groundwater/Waste Leachate

Chemistry of the native groundwater or soil water, including trace ele-
ment analysis, would be undertaken, The results of the analyses should show
a balance within £5% between cation and anion milliequivalents, Laboratory
values of the distribution coefficients are accurate only as long as field
conditions are reasonably approximated; any changes in the chemistry of the
natural system must be known to assess the expected movement of contaminants
within the hydrogeologic system,
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4.1.3.4 Organic Content of Sediments and Groundwaters

This analysis should be run on several samples to ascertain the distri-
bution of natural and man-made organic material throughcut the system, Or-
ganic complexation of disposed radionuc]lides may be controlled by the pres-
ence of this matter, thereby greatly affecting the movement of these con-

stituents,
4,2 IMPLEMENTATION OF THE PLAN

The exploration boreholes are the basic tools through which the data
requirements described above will be fulfilled. The geological, hydrologi-
cal and geochemical parameters at the site will be defined from analyses of
core materials obtained during the drilling process, and also by water sam-
pling and measurements after the boreholes have been drilled. The multi-
plicity of nazeds for each borehole (geologic, hydrologic, and geochemical)
requires that the locations of the holes be carefully considered., Financial
considerations further require that the preliminary number of boreholes be
minimized. Hydrogeological considerations dictate both an adequate number
of wells and a carefully selected geographic placement pattern, based on an
iterative drilling and evaluation program. Our initial decision, after con-
sideration of the above factors, is to drill, sample, and test up to fifteen
(15) selected locations on the Nitrate Disposal Pit Site (Figure 5). The
Nitrate Pit Site is areally small, being bounded on the west by a lake and
to the east by an apparent groundwater discharge area. Therefore, the pro-
jected fifteen boreholes should, with their areal coverage, adequately
describe the system, if it is as simple as initially conceptualized. The
well placement pattern, as shown in Figure 5, and plan are based upon the
conceptual model formed from the initial assessment, This site conceptual
model is tentative and assumes a re'atively simple system at the Nitrate
Disposal Pit Site, Should this assumption be disproven during the initial
well placements, this pattern and numbers would be revised.

The highest priority boreholes will be drilled initially with data ac-
quisition and interpretation concurrent with the drilling process. The data
will be evaluated as the wells are drilled, resulting in site conceptual
mode) refinement, Borehole numbers and locations would be redefined as re-
quired, and any additional boreholes prioritized, Then, the next several
boreholes in priority will be drilled. The field program will proceed
around either loop, as shown in Figure 1, unti] the initially selected fif-
teen wells are drilled, or the site has been defined, At that point, the
models are reevaluated. If professional judgment indicates that this site
is now defined, the program moves forward to the final numerical modeling
phase, If, on the other hand, the initially projected fifteen wells indi-
cate a much more complex set of parameters exist at the site than were en-
visioned, additional boreholes would be required and well emplacement ac-
tivities would continue until the site conditions are defined or the site
shown to be so complex as to be unacceptable for waste disposal.

4,2,1 Well Placement Pattern

It must be stressed again that no new data will be developed during
this study; all data to be utilized will be pre-existing and provided by
AECL., Specific data desired from these borings include the following:
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1. The specific stratigraphic units present, including the fine

changes in 1ithology and fabric which could affect the transport of
contaminants;

2. The three-dimensional distribution of the units recognized under 1
above;

3. The saturated thickness of units penetrated, This information is
essential to development of a realistic conceptual model and a
representative mathematical model;

4. The configuration and integrity of the bedrock surface. This sur-
face is presently thought to control the majority of groundwater
flow at the subject site,

The sequentially phased borehole drilling program, as described above,
would start with the highest priority locations as follows:

Wells 1,2,3,4 These wells are located in the closest proximity
to the disposal site. From the topographic analy-
sis, the groundwater flow at the disposal site would
appear to be away from Lake 233 and towards the
southwest, However, flow towards Lake 233 cannot be
discounted and the initial borehole placements will
provide the measurements to elucidate the flow pat-
tern in the immediate vicinity. These wells will
provide geologic, hydrologic, and geochemical data
on the environment closest to the disposal area, If
groundwater gradients are found to be toward Lake
233, the project will be abandoned,

Wells, 5,6,7,8,9 These wells will serve to further define the bedrock
surface and the distribution of the underlying sedi-
ments, Extensive sampling of these sediments wil)
provide detail on the geochemistry of the units,
Hydrologic tests will be run on all of the wells to
provide the needed parameters and assess their vari-
abiiity in the lateral direction, Careful attention

will be paid to the geohydrological positioning of
these wells,

Wells 10,11,12 These wells comprise a second set of relatively
close-in wells to further define the variability of
geological, hydrological, and geochemical parame-
ters., These wells provide additional data points
for that portion of the aquifer system 1ying about
midway along the conceptualized flow path between
the suspected recharge zone (Lake 233) and the
discharge zone southwest of Dewdrop Lake,
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wells 13,14,15 These wells are located along each of three possible
flow paths extending toward the apparent discharge
zones, They provide data points for collection of
geologic and hydrologic data -lose to the probable
discharge zone. Any changes in the local hydro-
stratigraphy will be critical in these approximate
locations. The greater distance from the disposal
area permits their being placed at a greater sepa-
ration distance from each other, A full complement
of hydrologic tests is to be carried out in these
wells,

4,2.2 Geologic Data Acquisition

4,2.2,1 Bedrock Surface

Determination of the bedrock surface will be accomplished through the
use of boreholes and mapped outcrops. All boreholes “emplaced" (no new or
additional field work) during this study will be continued down to the bed-
rock/sediment contact, and the elevation of that contact recorded. These
data will provide a distribution nf bedrock elevations that are necessary to
plot the surface of that unit «nd determine the bedrock controls on the
shallow groundwater flow system, The use of aerial photography to aid in
the mapping of geologic feat.res is precluded due to the classified nature
of the area surrounding the site under investigation.

4,2,2.2 Structure and Tectonics

Regional geologic maps and reports will be utilized to ascertain the
tectonic mechanisms which have operated in the past or are operating at the
present time, These maps and reports will be used to determine the presence
of structures such as folds and faults which may control the movement of
groundwater in the units, No new or additional geologic field work is
glanged; only existino piblished or otherwise available data will be uti-

zed,

4,2.2,3 Hydrostratigraphy

Determination of the detailed hydrostratigraphic sequence of the sih-
ject site will be daveloped from a limited number of data points. This ine
formatien on near-surface sediments will be derived from the selected bore-
holes on the site at or near the locations shown on the topographic map,
Figure 5, The groundwater flow system in the vicinity of the Nitrate Dis-
posal Pit Site is of limited areal extent as evidenced by the swampy (dis-
charge) area immediately west of the pit, The specific well locations were
selected to correspond to the interpreted hydrogeologic flow system, Wells
1-4 are placed to ascertain near-field parameters and the potential gradient
from the disposal site toward Lake 233, The remaining wells are placed in
concert with the more regional system as indicated by the direction of
stream flow and the expression of lake elevations in the direction of Dew-
drop Lake (Figures 3 and 4), The boring locations have been selected using
the 1imited available data and professional judgment to give a reasonable
picture of the consistency of the sediments and to define, within practical
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1imits, the configuration of the bedrock surface. The borings will be com-
pleted as observation wells to provide hydrologic data for that phase of
site characterization. Attention will be directed at the proposed disposal
pit site to determine the specific items enumerated below.

4,2.3 Hpurologic Data Acquisition

The hydrclogy of the Nitrate Disposal Pit Site will be analyzed based
upon data covering meteorologic, climatologic, surface water, and gronnd-

water disciplines,
4.2.3.1 (Climate

Essential to the determination of a water budget for the selected site
is the determination of the availability of precipitation for run-off, in-
filtration, and evaporation. The distribution of precipitation throughout
the year determines the amount of water potentialiy available for the three
paths noted above. Records for the Chalk River Site will be analyzed to
determine the average amount of water that is available to recharge the
groundwater system or leach radionuclides from wastes deposited at the
proposed site., Precipitation, temperature, latitude, and vegetation type
and cover will be used to approximate the annual evapotranspi:;ation from the
proposed site,

4,2.3.2 Surface Water

The region surrounding the proposed site has numerous small streams and
small-to-large lakes., Available records will be analyzed to estimate the
amount of run-off that annually occurs at the site., If available, the
amount of water held in the lakes will be determined from lake surface
elevation records, These data are critical to the modeling effcrt as pre-
liminary information indicates that the lakes serve as recharge and dis-
charge boundaries., Flood potentials, where they affect groundwater re-
charge, will be assessed, Surface-water impact, other than that necessary
for development of the groundwater model, will not be assessed,

4,2.3.3 Groundwater

The data requirements listed in Section 4,1,2 will be obtained from the
wells or boreholes shown in Figure 5, As they are analyzed, a compariso:
between the data will be made to ascertain the continuity of units identi-
fied as hydrogeologically equivalent, Additional wells may be required if
the identified units prove %0 be of limited extent, Additional wells will
be located based upon a combination of professional judgment and the use of
geostatistical tools such as kriging, Identification of boundary conditions
will be made through analysis of the above data,

4.2,4 Geochemical Data Acquisition

This section describes the methods for acquiring the geochemical infor-
mation needed for calculating the retardation of radionuclides by the sofil

phases,
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- 2,4,1 Mineralogical and Chemical Characterization of Rock/Sediment

Represertative samples of the rock/sediment are chosen from borehole
cures, surface soils ur outcrops after visual inspection of texture and
color, Small subsamples of the rock/sediment are prepared for X-ray dif-
fraction and optical microscopy by standa:. methods described in geologic
and soil science texts (6,7,8).

The total chemicai analysis of the solid may be determined directly on
a crusiied and homogenized sample by X-ray fluorescence or neutron activation
or the sample can be totally dissolved and analyzed by industively coupled
plasma emission spectroscopy, atomic absorption, or optical emission spec-
?rome§ry. Details for these techniaues may be found in appropriate texts
9,10).

Other specific analyses important to determining contaminant retarda-
tion potential include the cation exchange capacity, hydrous iron oxide con-
tent, organic matter content, particle size distribution, and surface area
of the sediments,

Specific procedures for determining the cation-exchange capacity and
organic matter ccntent can be found in References 8 and 9, Specific proce-

dures for determining hydruus iron oxide contents can be found in References
8, 9, 11, and 12,

Specific procedures for vetermining the particle size distribution and

?:rface area of disaggregated sediments can be found in References 7, 8, 13,
, and 15,

It is prudent to perform the rock/sediment mineralogical and chemical
characterization to gather background information to strengthen the under-
standing of the adsorption processes that are controlling contaminant re-
tardation, Measurement of distribution coefficients without acquiring this
ancillary information 1imits one's ability to infer the controlling adsorp-
tion processes, speculate on the effect of future environmental changes, and
to judge whether the samples used and conditions studied in fact are repre-

sentative, comprehensive enough, and applicable to projecting site perform-
ance,

Absorption of contaminants is sensitive to the mineralogy of the rock
and sediments, Minerals exhibit valuable selectivity and capacitv for ad-
sorption; therefore, it is importanmu to delineate the types and relative
arantities of minerals present. Much literatur xists that describes the

selectivity and capacity of various minerals to .Jsorption of specific cone
taminants (16, 17, 18, 19),

Cation exchang:, surface area, and particle size of the solid adsorbent
are three important parameters that correlate well with adsorption of con-
taminants, especially alkali and alkaline earth metals such as Cs, Sr, and
Ra. The hydrous oxide content correlates well with adsorption of transition
metals such as Co, Ni, Zn, and Pb and actinides. The organic matter content

13 important in the adsorption of transition metals, lanthanides, and acti-
nides,
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4.2.4.2 Distribution Coefficients

After the range of mineralogy and chemical composition of the rocks/
sediments are determined in 4,2.4.1 for materials at the site along probable
pathways, one can evaluate how many rock/sediment types should be used to
$enerate distribution coefficients, The second variable, water type (waste

eachate and groundwater), must be bounded, The range of groundwaters is
determined as described in 4.2.4,3. The waste leachate must be estimated in
the conceptual waste source-term mode) previously discussed, Tne variabil-
ity in groundwater and potential waste leachate at the site allow chemists
to choose representative solutions to use in the distribution coefficient
determinations. The waste type also identifies which contaminants (e.q.,

radicnuclides) should be studied.

The most economical method of generating a distributio~ coefficient is
the batch or static adsorption test, Briefly, the method consists of
placing a known mass of rock/sediment into an inert container "typically
polyethylene or teflon) and then contacting the sediment with a known volume
of groundwater/waste leachate traced with the contaminants of interest, The
system is shaken gently for a period of time (typically days to a few weeks)
or until steady-state solution concentrations are obtained for the tracers,
The sediments and solution are then separated and either the effluent mea-
sured gnd compared to the original influent or the effluent and solids are
counted,

The distribution coefficient, or Rd value, [often called Kq) is calru-
lated either as

(Cine=Cepr) (V)
(Ceer) (M)

Rd =

Where:

Cinr = concentration of tracer in influent (original) solution
Cepp = concentration of tracer in effluent (final) solution

v volume of solution used (usually mls)

m = mass of sediment/rock used (usually grams)

or as

Cso1id
Rd =

—_———

Csolution
Where:

Csolid = concentration of tracer on solid (per gram)
Csolution = concentration of tracer in final solution (per ml)

Suggested methods that describe the details of performing batch exper-
iments can be found in References 20, 21, and 22,
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A discussion of strengths and weaknesses of the batch method of deter-
mining distribution coefficionts is found in Serne and Relyea, 1983 (23.).

Because of possible limitations in the batch method, it is prudent to

pot check retardation results obtained by tha batch method with flow-
through column experiments, Briefly, the method consists of packing
unconsolidated rocks/sediment into a glass or plexiglass column with an
inlet and outlet port, The groundwater/waste leachate traced with the
contaminants of interest is percolated through the column and the break-
through of tracer is monitored in the effluent, Column experiments are
useful to determine whether there are mobile species of a contaminant
present among other species more prone to absorbing., The batch method
assumes that only one species for each contaminant is present whereas the
column method can identify the presence of different species with different
mobilities and allows separate retardation factors to be calculated, The
batch method produces only one distribution coefficient (an average across
all species) for each contaminant,

4.2.4.3 Chemical Analysis of Groundwater/Waste Leachate

The chemical composition of the groundwater and waste leachate also af-
fects the retardation potential of contaminants, Knowledge of the concen-
tration of macro cations (Ca, Mg, Na, and K) allows one to determine the de-
gree of competition fgr exchange, sites. The concentration of inorganic 1ig-
ands such as C1=, C0s"~, and SO«"~ and organic 1igands allows one to esti-
mate the degree to which metallic contaminants might form mobile soluble
complexes thet resist retardation, The solution p¥ and Eh (oxidation-reduc-
tion potential) also are important parameters that affect adsorption especi-
ally for transition, lanthanide, and actinide metals via hydrolysis and re-
dox reactions (i.e., species and valence state changes),

There are numerous standard water sample collection, sample preserva-
tion and sample analyses techniques available (24,25,26,27).

Briefly, the most commonly used procedures are to pump groundwater from
wells until effects of the well casing are minimal and then to measure sen-
sitive parameters 1ike pH, Eh, and alkalinity in the field. The water sam-
ple is then filtered through 0.2 to 0,45 ym membrane filters and split into
subsamples and preserved, Macro cation and trace metal samples are acidi-
fied to pH 2 while anion and organic samples are kept cool and in the dark
until analyzed, Currently major cations and some trace metals are anal yzed
by inductively coupled plasma emission spectroscopy; other trace metals are
determined by graphite furnace atomic absorption; anions excluding bicar-
bonate and carbonate are measured by ion chromatography and the carbonates
by acid titration., Organic content is determined on a TOC analyzer,

It is customary to add up the milliequivalents of cations and anions
for the water analysis and compare them, Differences greater than 5 to 10%
suggest that some important constituent was not analyzed or that the ana-

Tytical quality is deficient, A repeat analysis is recommended until
balance is achieved,
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5.0 PRELIMINARY FLOW AND TRANSPORT ANALYS!S BASED ON SITE CHARACTERIZATION

This portion of the project will be carried out in subsequent tasks,
but i3 briefly mentioned here to indicate how the acquired data are used in
transport modeling,

It must be recognized that site characterization is a part of the de-
velopment of the site conceptual model. The initial conceptualization of
the site is subject to continual revision as actual field data are gathered.
As the data are gathered, they are entered into the preliminary flow mode)
and the model exer-ised to as-ertain consistency with the conceptual model,
Where inconsistencies are found, alterations to either or both models may be
made. This process is iterative in nature, the end result being the devel-
opment of defensible conceptual and numericel models., Actual selection of
the numeric codes used to model the site is dependent upon the final site
conceptual model.

5.1 REFINE CONCEPTUAL MODEL

The conceptual model is the driving force that controls the validity of
any numerical modeling, A1l of the data derived from site characterization
is utilized to refine and change, if necessary, the oriainal conceptual
model. Because of this, actual field studies may be affected as each new
data set is added to the conceptualization of the hydrologic system, Re-
finement of the conceptual model is a controlling factor in the site char-
acterization tasks,

5.2 ADDITIONAL DATA NEEDS

In the course of building and testing both the conceptual and numerical
models for the site, it is probable that additional data will be required.
These additional data needs are identified through the refinement of the
conceptual model and are forwarded to the field site characterization task
to be provided., Thus, the initial characterization activities are dynamic
in that they are subject to continual change,
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6.0 PERFORMANCE ASSESSMENT

The final effort in the project is the performance assessment modeling
nf the subject site, and will be conducted in a succeeding task.

In this
task, all of the data for the particular level of modeling is in place and

the simulation carried out to assess the temporal movement of contaminants
from the site,

The majority of the effort is included in the preceding
tasks; this task merely completes the loop.
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APPENDIX 8

CONCENTRATIONS OF LONG-LIVED RADIONUCLIDES IN
GROUNDWATER AT THE NITRATE DISPOSAL PIT SITC,
CHALK RIVER NUCLEAR LABORATORIES, OCTOBER 1934
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