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RESUME

Dans le cadre d'un programme visant a mieux caracteriser les dechets radioactifs peu dangereux geres par EACL
aux Laboratoires de Chalk River, les techniques de carottage dans les tranchees de stockage de dechets font
actuellement l'objet d'une evaluation. Des carottages d'essai ont montre que l'echantillonnage dans les regions de
stockage des dechets est possible, et que des trous peuvent etre fores dans les tranchees de dechets. Ces carottages
constituent une technique de collecte d'information precieuse. Les renseignements tires du carottage des tranchees
comprennent les elements suivants :

• profondeur de la couverture de la tranchee, profondeur de la zone de dechets, degre de compactage et
donnees stratigraphiques precises;

• teneur en humidite du sol et efficacite du drainage de l'installation;
• diagraphies gamma des forages qui indiquent les niveaux de rayonnement a la peripherie du forage;
• conditions biochimiques dans les zones de dechets, zones vadoses et eaux souterraines;
• renseignements propres au site utiles pour la modelisation de la migration des contaminants ou pour les

mesures correctives;
• renseignements sur les quantites et les types de contaminants liberes le cas echeant.

Les forages dans les tranchees peuvent egalement fournir des moyens de detection precoce des fuites de
contaminants.
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ABSTRACT

As part of a program to better characterize the low-hazard radioactive waste managed by AECL at Chalk
River Laboratories, coring techniques in waste trenches are being assessed. Trial coring has
demonstrated that sampling in waste regions is possible, and that boreholes can be placed through the
waste trenches. Such coring provides a valuable information-gathering technique. Information available
from trench coring includes:

• trench cover depth, waste region depth, waste compaction level, and detailed stratigraphic data;
• soil moisture content and facility drainage performance;
• borehole gamma logs that indicate radiation levels in the region of the borehole;
• biochemical conditions in the waste regions, vadose zone, and groundwater;
• site specific information relevant to contaminant migration modelling or remedial actions;
• information on contaminant releases and inventories.

Boreholes through the trenches can also provide a means for early detection of potential contaminant
releases.
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I. BACKGROUND

Since 1963, low-hazard radioactive waste has been
placed in trenches within Waste Management Area "C"
(WMA-C) at Chalk River Laboratories (CRL).1 The waste
is from nuclear research and radioisotope activities in
Canada. Although the contamination levels in the waste
are expected to be low, they are not well known, and both
radioactive and non-radioactive contaminants have been
detected in groundwater's adjacent to the WMA-C site.

The WMA-C site (Figure 1) consists of a series of
sand trenches, covering about 5 ha, and containing about
100 000 m3 of waste. The facility is situated in a large
dune ridge, with the trenches located above the highest
recorded water table. The area is predominantly
compacted sandy glacial till underlain by granitic gneiss
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Figure 1. Plan view of WMA-C.

bedrock. Wastes are tipped or placed in the trenches,
covered with about 1.5 m of sand backfill, and compacted
using a bulldozer or other heavy equipment. Between
1963 and 1982, a series of narrow trenches were excavated
and filled as needed. In 1982, a large continuous trench
was excavated to increase the space efficiency of the

facility. In 1983, a polyethylene cover was placed over the
southern-most part of the site.

The main WMA-C trench is essentially full, and
decommissioning alternatives are being considered.
Options include:

• convert WMA-C to a Low-Level Radioactive
Waste (LLRW) disposal facility;

• retrieve waste and transfer it to a LLRW disposal
facility;

• retrieve waste, segregate "unrestricted release"
waste, and transfer segregated waste to appropriate
disposal facilities; and

• retrieve and process waste (e.g., incineration), and
transfer it to appropriate disposal facilities.

A key factor for assessing the options is the "hazards
inventory", including both radiological and non-
radiological contaminants. Determining this inventory will
be a challenging task that will involve:

• inference from inventory records and process
knowledge;

• detailed characterization of contaminants in waste
streams currently received;

• contaminant releases as measured in the
environmental monitoring program;

• in-situ measurements of contaminants and
physical/biochemical conditions within WMA-C.

The trial coring project was initiated in 1995 to
explore techniques for in-situ measurements of
contaminants and physical/biochemical conditions within
WMA-C. The trial coring project consists of six basic
components: a) preliminary geophysics mapping of
selected areas of the trenches using electrical resistive
tomography, b) coring using a split-spoon sampler and
hollow core augers, c) borehole installation, d) borehole
gamma monitoring, e) analysis of groundwater samples,
and f) analysis of solid samples. Coring was undertaken in
"narrow" trenches that were filled in the mid-70's. The
decay of short-lived radionuclides in these trenches
reduced the hazards of the coring operation, and focused
the study on the longer-lived isotopes. A total of five
boreholes were installed Figure 2 shows the locations of
the boreholes and geophysics grid.

II. ELECTRICAL RESISTIVE TOMOGRAPHY
GEOPHYSICS MAPPING

A prototype electrical resistivity tomography (ERT)
system was used to obtain preliminary information about
the waste trenches and the physical characteristics of the
waste. ERT is a non-invasive sensing technique that
measures internal resistivity distributions from which
physical features can be inferred. In this study,
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Figure 2. Detail of WMA-C showing borehole
locations (CT) and geophysics grid area.

measurements were performed from surface, and two
different resolutions were used to study different parts of
the trench/waste system.

The main objective of applying ERT to the WMA-C
site was to test the ERT method for locating trenches. To
do this, a 27 x 12 m area was marked with a survey grid
(see Figure 2), and an ERT survey was done using a 5 x 10
electrode grid with an electrode separation of 3.0 m. The
results of this survey (Figure 3) show linear features that
correlate reasonably well with the expected trench
boundaries.

A second ERT survey was performed using a 6 x 6
electrode grid within the larger grid, with a finer mesh
spacing of 1.5 m. The intent of this survey was to probe
the general physical characteristics of the waste (i.e., size
and shape of large waste packages). The results gave no
clear indication of the characteristics, although several
"high conductance" regions were identified. Subsequent
coring at these locations revealed the presence of metal
drums or vessels.

The preliminary ERT surveys indicate that the
technique has some potential for providing information on
the trench locations and waste characteristics. Further
work will be required to develop the prototype ERT
system, and determine its full capabilities.

ffl. CORING, BOREHOLE INSTALLATION, AND
BOREHOLE GAMMA MONITORING

Drilling was conducted using a truck-mounted CME-75
rotary rig turning 9.5 cm ID hollow stem augers. Sampling
in the unsaturated zone used standard 5 cm ID x 60 cm long

Grid as flagged in field

Figure 3. Results of ERT mapping from the 5 x 10
electrode grid, at a depth of 2.25 m. "a" shows the
results in proportion, and "b" shows the results
after they have been stretched to emphasize the
trenches.

split spoons, collecting cores at 76 cm intervals starting from
ground surface. Below the water table, 1.52 m lengths of
thinwall aluminum tubing were used in a piston coring
procedure2; experience has shown that this method is much
more successful in retreiving the cohesionless sands that
make up the bulk of the aquifer beneath WMA-C. Auger
cuttings were transferred to 200 L steel drums as drilling
advanced. Split spoons and piston cores were monitored for
radioactivity using standard survey meters as soon as they
were retrieved from the boreholes, and again after the spoons
were opened or after the piston core samples were extruded
into plastic-covered sample trays. The inside of the augers
was tested for combustible gases each time the augers were
disconnected from the drill rig.

After removal or extrusion, the soil cores were visually
logged and subsampled at appropriate intervals. Soil
samples were taken to coincide with significant visible
changes in material or, when apparently uniform materials
were present over long depth intervals, at 60 to 75 cm depth
increments. When sufficient material was available, the
cores of soil were split longitudinally; one fraction was



placed in a cleaned and precombusted glass bottle with
aluminum foil cap liners for subsequent analysis of organic
and inorganic parameters, while the other was stored in a
cleaned glass bottle for moisture content and radiometric
determinations. Bulk samples of the waste were placed in
precleaned, precombusted glass bottles. Figure 4 shows a
log for one of the WMA-C boreholes installed during this
study.

Previous groundwater sampling at the perimeter of
WMA-C has shown that in the immediate vicinity of the site,
contamination is usually found within the upper 1 to 1.5 m of
the saturated zone. For the first of the five boreholes drilled
in this study, soil sampling was extended to the base of the
sand aquifer. When field measurements did not detect any
anomalous levels of radioactivity at depth in the saturated
zone, the bottom of the well screen in this and the remaining
boreholes was placed between 0.5 and 1 m below the water
table. All observation wells consist of 3.2 cm ID PVC pipe
(Schedule 40) with self-sealing threaded couplings; well
screens are 1.5 m long, with 0.25 mm (0.010 inch) slots.
After the screen was placed at the desired depth, the augers
were pulled back until the lower end of the drill string was
between 1 and 1.5 m above the top of the well screen. Clean
local sand was used to backfill the annular space between the
hole and the well through a tremmie pipe. The augers were
then pulled back another 1.5 m, and 0.6 m of bentonite chips
were tremmied into the hole. The remainder of the hole was
progressively backfilled with local sand as the augers were
removed, and a second bentonite seal (0.3 m) was placed just
below grade. The wells were subsequently developed by
repeated pumping using a Waterra reciprocating pump.

Following their completion, all of the boreholes were
logged for the distribution of gamma activity (including
bremsstrahlung from high-energy beta particles) using a Nal
crystal (5x1.3 cm) and photomultiplier assembly (Bicron), a
stabilized high-voltage supply, and a preamplifier, all
contained in a waterproof housing with an OD of 2.4 cm.
The winch and control electronics (built at CRL) move the
detector up or down within the borehole, in this case under
the control of a Canberra Series 10 operating in multichannel
scaling (MCS) mode. After positioning the detector in the
hole and starting the equipment, the MCS collects counts in
one channel for a specified time, and then triggers the winch
to move the detector to the next location. In this study,
counts were collected for 3 s at each position, and the
vertical measurement interval was 1 cm. The raw data were
subsequently smoothed using a weighted moving average.
For each borehole, the gamma scans showed distinct peaks
in the waste region, with the peak count rates ranging from
40 to 1000 kcpm. The gamma log for CT-1 is included in
Figure 4.

IV. ANALYSIS OF GROUNDWATER SAMPLES

Groundwater flow beneath WMA-C is from the east-
northeast to the west and south. Apart from some road-salt
drainage to Lake 233, no anthropogenic contaminants were
anticipated in the aquifer upgradient of the waste
management area; two pre-existing wells located east of
WMA-C were sampled during this study to confirm this
assumption and to provide data on natural backgrounds.
Groundwaters were also sampled from wells screened at
the water table in each of the boreholes completed during
this investigation, using collection, preservation, and
analysis procedures described by Killey et al.3

The analytical suite included well-head measurements
of pH, Eh, temperature, electrical conductance, and
dissolved oxygen. The samples were analysed for
dissolved organic carbon (DOC), dissolved inorganic
carbon (DIC) and all other major elements and species, and
a set of trace elements. Of the latter, all of the water
samples contained less than detectable concentrations of
the following: As (< 150 UgL"1), Pb (< 90 (igL1), Cd
(<15 ugL"1), Cr (< 7 ugL"1), Cu (< 5 HgL1), Li
(<5| igL 1) , V (< 16 Jig-L"1), and PO4 (< 0.20 mgL"1)
where the numbers in brackets refer to the detection limits.

Table 1 summarizes results of the remaining inorganic
measurements.

Unusual features of local groundwater chemistry
upgradient of WMA-C are the low redox potential and
dissolved oxygen content, and consequent high dissolved
iron concentrations. These characteristics stem from the
fact that most of this groundwater has recharged the flow
system through the bed of Lake 233. The lake bed is
covered by a generally thin layer of organic detritus, which
evidently supports a substantial rate of biologic activity.
The effects of road-salt contamination in Lake 233 are also
evident, particularly in C-263, which is closest to the point
at which salt enters the lake. Water that enters the aquifer
by direct infiltration between Lake 233 and WMA-C,
based on data from other locations at CRL, contains
chloride concentrations of 1 mgL"1 or less, Na+

concentrations of 1 to 2 mgL"1, oxygen concentrations of 3
to 8 mgL"1, and iron concentrations below 0.05 mgL"1.

Samples from the wells installed beneath the WMA-C
trenches exhibit varying but, relative to municipal-
commercial wastes, low levels of major ion contamination.
Dissolved oxygen is actually higher in the water table
samples than in the waters recharged from Lake 233, and
highlights the low rates of decomposition in the WMA-C
wastes. Low rates of decomposition are also indicated by
the low concentrations of dissolved organic and inorganic
carbon (the latter reflecting soil pCO2). Contamination by
potentially toxic metals is low (at least within the limits of



BOREHOLE CT-1

MMA'C' Trench 20 centreline

Borehole Typ»- CME-7S, Continuous Core
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Top of Pipe:
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Sample Number,
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Interval (m)

s «
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2-
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II-
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14-

15-i

16-i

17-i

18-i

19-

20

1.52

3.17

5.00

5.61

10.67

13.72

15.24

16.31

SAND FILL (10YR 6/2)
Clean, loose, moderately sorted, massive,
light brownish grey fine sand fill. Pit run
cobbles up to 4 cm diameter. Augers

, grinding on cobbles at 1 m.

WASTE
Waste composed of a cap from a
scintillation vial, plastic, chunks of
translucent rubbery material, styrofoam
Balls, fibery material in green dye and
flakes of metal. The matrix is composed of

I sand fill.

SAND FILL (1OYR 6/2)
Clean, loose, moderately sorted, massive
to very weakly laminated, light brownish

, grey fine sand fill. Lenses of iron staining
', 4.63 to 4.66 m.

VERY FINE SAND (I0YR 6/4)
I Silty. compact, poorly sorted, massive,

light yellowish brown very fine sand.

FINE SAND (10YR 6/2 to 10YR 6/1)
Clean, compact to very dense, well sorted,
well laminated, fine sand. Unit is speckled
with mica and garnets.

FINE MEDIUM SAND (I0YR 6/1)
Clean, compact, moderately sorted, well
laminated, light grey fine to fine-medium
sand. Thick lenses of biotite. Sand is in a
reducing environment. Unit is speckled
with garnets.

MEDIUM COARSE SAND IIOYR 6/1)
Clean, loose, moderately sorted, disturbed,
light grey medium coarse sand.

CLAYEY SILT (10YR 6/1)
Stiff, light and dark varving. light grey
clayey silt. Oxidized lenses at the top of
this unit. Aluminum core tube dented on
end indicating till. Unable to core beyond

; 16.31 m.

Terminated drilling in till at 16.31 m.

1 SS 0-0.37

2 SS 0.76-1.13

3 SS 1.52-1.71

4 SS 2.29-2.44

5 SS 3.05-3.17

6 SS 3.81-4.21

7 SS 4.57-5.00

8 SS 5.33-5.61
9 SS 5.61-5.94

10 SS 6.10-6.61

11 SS 6.86-7.47

12 SS 7.62-8.14

13 SS 8.38-8.81

14 CC 9.14-9.91
15 CC 9.91-10.67

16 CC 10.67-11.28

17 CC 11.28-11.64

18 CC 12.19-12.80

19 CC 12.80-13.26

20 CC 13.72-14.08

21 CC 15.24-16.31

150

150 I

150

ISO

150

i inJ mi
1 10 100 1000

Count Rate (kcpm)

•20

Figure 4. Borehole log for CT-1, including a gamma log. Solid samples at the peak contained 210 Bq/g 137Cs



some of the detection limits); where Zn, Ni, and Co have
been detected at the water table, their abundance is erratic
indicating that they do not represent widespread aquifer
contaminants.

Table 2 summarizes the results of analyses of groundwaters
for the suites of organic compounds that make up
Analytical Test Groups (ATGs) that are specified by the
Ontario Ministry of Environment and Energy for volatile
halogenated and non-halogenated compounds, those that
are extractable under acidic pHs, those extractable under
neutral to alkaline conditions, and PCBs. Analyses for the
latter included Arochlors 1248, 1254, 1260, and total
PCBs. None of the specified compounds were detected in
the upgradient water samples; Table 2 lists only those
compounds that were encountered at concentrations above
the detection limits in at least one of the wells beneath
WMA-C. Of these, measured concentrations of
trichlorofluoromethane, 1,4-chlorobenzene, ethylbenzene,

the xylenes, and total PCBs were below Health and
Welfare Canada guidelines for drinking water; the rest
either exceed the guidelines or have no recommendation
for maximum allowable concentration.

With the exception of the water recovered from CT-1,
which is near the upgradient boundary of WMA-C,
trichloroethene (or trichloroethylene, TCE) is by far the
most abundant and widespread of the anthropogenic
organics, and this has been borne out in earlier samples
collected downgradient of WMA-C.4 Following in
observed peak concentrations are 1,1-dichloroethane and
chloroform. Given the widespread use of TCE and
dichloroethane as cleaning and degreasing agents, and the
earlier use of WMA-C for solvents/liquids from the CRL
site (this practice stopped in the early 80's), their
abundance in the aquifer may not be too surprising. Much
of the chloroform may be present as a degradation product.

Table 1: Major ion and inorganic groundwater chemistry upgradient of and beneath WMA-C

Parameter

Field
Measurements

pH

Eh mV

Elec. Conductance nS cm"1

Diss. O2 mg'L"'

Alk. asHCO3 mg'L"1

Dissolved Carbon
Inorganic mg'L1

Organic mg'L1

Anktns
SO4 mg'L"1

C\ mg'L1

NO3 mg'L"1

F mg'L"1

Cations
Ca mg'L"1

Mg mg'L"1

Na mg'L1

K mg-L1

Fe mg'L"1

Al mg'L"1

Sr mg'L1

Zn Mg'L-1

Ni Mg'L-'

Co MgL'1

Hg Mg-L"1

Upgradient of WMA-C

C-3-I

6.41

230

292

0.01

93.1

12.4

2.7

9.88

28.5

<0.05

0.33

19.2

7

10.2

1.4

15.9

<0.06

0.087

<12

<9

<12

C-263

6.83

140

437

0.005

85.2

5.6

2.3

2.7

92.4

1.23

0.44

12.2

3.8

46

2.4

44

<0.06

0.093

<12

<9

<12

0.095

CT-1

5.67

320

410

21.1

4.6

4.8

3.74

122

1.22

0.44

15.2

4.5

55
7.2

1.09

<0.06

0.116

<12

66
<12

0.14

Beneath the

CT-2

6.27

425

200

2

81.5

16.8

0.7

5.76

16.7

6.56

0.34

15.2

5.4

15.3

9

0.056

<0.06

0.118

<12

<9

<12

0.07

WMA-C Trenches

CT-3

5.66

455

295

2

39.5

9.3

0.8

4.17

55.5

8.35

0.17

17.2

4.5

18

15.2

0.042

<0.06

0.149

20

<9

<12

0.075

CT-4

6.35

210

388

2

144.3

24.4

8.1

11.1

26.4

0.92

0.29

11.7

4.8

23.4

24.6

23.9

0.14

0.096

<12

10

14

0.05

CT-5

6.36

470

435

2

192.1

34

9.8

10.9

28.3

2.97

0.38

20

5

31.9

24

24.1

<0.06

0.181

<12

12

18

0.04



Table 2: Elevated anthropogenic organic

Compound

Volatiles
Bromoform

Carbon Tetrachloride

Chloroform

1,4-Dichlorobenzene

1,1 -Dichloroethane

1,2-Dichloroethane

1,1 -Dichloroethylene

1,1,2,2-Tetrachloroethane

1,1,2-Trichloroe thane

Tetrachloroethene

Trichloroethene

Trichlorofluoromethane

Toluene

Ethylbenzene

m&p-Xylene

o-Xylene

Acid Extractablcs
Bis(2-ethylhexyl)phthalate

Diphenyl ether

Naphthalene

Base-Neutrals andPCBs
Arochlor 1254

Total PCBs

Unit

UgL1

UgL"1

UgL1

UgL1

UgL1

UgL1

UgL"1

UgL"1

WL-1

UgL'

UgL-1

UgL'

UgL1

UgL"1

UgL1

UgL1

UgL"1

UgL'1

UgL1

ngL-1

ngL-1

compounds

CT-l

<0.1
<0.1
<0.1

<0.1
<0.05
<0.1

<0.05
<0.2
<0.2

<0.1
<0.1

<0.1

<0.2

<0.05
<0.1

<0.05

<0.5
<0.1

<0.5

ND

<20

in groundwaters collected

CT-2

0.8

1.1

44.1

0.2

1S.1

1.2

<0.05
1

1.4

2.6

322

0.8

<0.2

<0.05
<0.1

<0.05

<0.5
<0.1
<0.5

ND

<20

CT-3

<0.1
0.2

19.3

<0.1
8.2

<0.1

<0.05
<0.2
<0.2

1.1

224

1

<0.2

<0.05
<0.1

<0.05

2.2

<0.1
<0.5

32

32

beneath

CT-4

<0.1
0.1

10.9

0.8

67.4

16.6

<0.05

<0.2
<0.2

6.4

97.4

1.4

49

0.7

16.4

5

<0.5
0.6

4.6

ND

<20

WMA-C

CT-5

<0.1
0.2

6.2

<0.1
96.2

5.8

1.8

<0.2
<0.2

2.8

163

0.6

0.4

0.4

24.9

2.9

<0.5
<0.1

6.2

ND

<20

Table 3 lists the results of analyses of groundwaters
upgradient and beneath WMA-C for tritium, 14C, ^Sr, and
for gamma-emitters that yielded at least one sample that
exceeded detection limits. Results are consistent with
downgradient observations, which have found tritium to be
by far the major radioisotope being released, with 14C
second in abundance. Tritium in upgradient groundwaters
is elevated by about a factor of 10 over normal current
environmental concentrations by HTO that has evaporated
directly from WMA-C or, more significantly, from the
wetland that receives contaminated groundwater discharge.
The 228Th measurements are based on gamma spectral
analysis for thoron (220Rn) progeny; no contaminant
associations are attributed to the two detections of thorium
decay products in these results.

V. ANALYSIS OF SOLID SAMPLES

Dried soil/backfill samples were transferred into
25 mL plastic vials and monitored for gamma radiation by
placing the bottles directly over a high-purity germanium
gamma-ray spectrometer (Canberra model GX1518). The
spectral data were processed using commercial peak search
and nuclide identification software (Nuclear Data Model

48-0201AP S601). Activity levels were generally found to
be very low and counting times ranged from 3 to 24 hours
to obtain statistically meaningful results. The measured
activity levels were corrected for laboratory background
and normalized to a unit mass of sample. Instrumental
efficiency was determined by measuring the gamma-ray
spectrum for a 25 mL of solution spiked with
representative radionuclides. Variations in detection
efficiency related to small differences in the amount of

Table 3: Summary of dissolved radionuclide
concentrations upgradient of and beneath WMA-C

Borehole

C- 3

C-263

CT- 1

CT-2

CT-3

CT-4

CT-5

3H

50

60

8 790

43 900

3 010

123 500

498 200

14C

<45

67

<45

112

720

B q L 1

"Sr

<0.6

<0.6

1.3

32

36

4.5

19

137Cs

< 0.061

< 0.045

0.060

< 0.077

< 0.062

< 0.061

< 0.060

226Ra

< 0.229

< 0.235

< 0.205

< 0.283

< 0.246

< 0.229

0.235

228Th

< 0.173

0.34

< 0.180

< 0.217

0.309

< 0.180

< 0.187



material in each sample are considered to be insignificant.
Much of the radioactivity detected by gamma spectrometry
was attributable to products arising from the decay of
naturally occurring uranium. Finally, the measured
radioactivity found in samples taken from outside WMA-C
(borehole C-227-3) was subtracted from the data, based on
the assumption that uncontaminated sand from the
boreholes would exhibit a similar background.

Following these modifications to the data, levels of
*°K, ̂ T h , ^Co and most of the detectable 137Cs from the
boreholes were found to be near or only slightly above the
background levels measured. The exceptions to this are
listed in Table 4.

Table 4: Summary of gamma-emitter concentrations
measured in soil/backfill samples

Sample

Blank (C-227-3)
CT-1-4
CT-1-5
CT-1-6

CT-1-7
CT-2-5
CT-3-2

""'Am (Bq/g)

0.00
0.38
0.74

0.00
0.027
0.007

0.00

I37Cs (Bq/g)

0.19
210.00
180.00

0.72
4.90
2.70

110.00

In general, the elevated concentrations of I37Cs
correspond to the higher levels recorded by the gamma log
obtained immediately following the coring operation (see
Figure 4).

Moisture contents were measured on the unsaturated
soils in each of the boreholes. The weight percent moisture
content ranged from 1.4 to 18.7 (15- 18% represents fully
saturated soil). In general, the soils contain increasing
amounts of water with depth, although several samples in
the waste region also showed high moisture contents.

Additional analyses of solid samples is ongoing. This
includes ^Sr measurements, and the suite of organics
measured in the groundwater samples. Subsequent
aqueous extraction of the samples may be undertaken for
determination of water soluble radionuclides and inorganic
salts.

VI. ASSESSMENT OF CORING FOR WMA-C, AND
FUTURE PLANS

The WMA-C trial coring project has demonstrated
that sampling in the waste region is possible, and that
boreholes can be placed through the waste trenches. This
project has explored some of the information that can be
collected from waste region coring. As decommissioning

of WMA-C and other waste management facilities
progresses, additional information about the facilities and
their waste will certainly be required. Waste region coring
can provide a wealth of information, and it should be
considered as a potential tool.

An assessment of the different aspects of the trial
coring project is summarized below.

Coring - The coring technique used in this study
provides detailed information on the trench dimensions
(cover depth, trench dimensions), waste compaction level
(through the number of split-spoon hammer blows), and
detailed stratigraphic data. Coring indicated that the trench
dimensions are noticeably smaller than shown in the
WMA-C drawings. Subsequent discussions with earlier
operators revealed that partial filling of trenches with wind-
blown sand was common. Radiation measurements of the
samples provide good qualitative information on gamma-
emitter contamination levels. Coring also allows for
measurements of combustible gases, and in-situ
biochemical conditions. In this study, the detailed
biochemical conditions were not measured. Future work
should measure those conditions.

Borehole gamma log - The gamma log provides a
vertical profile of the gamma radiation level in the vicinity
of the borehole. These profiles indicate the waste regions
quite clearly, and can provide a first-order estimate of
regional gamma-emitter concentrations. The gamma logs
can also highlight areas under the trenches where
radionuclides are migrating. For example, in several
boreholes, small peaks were detected at the top part of the
saturated zone. Note that the use of a bentonite seal in the
lower part of the borehole results in a small gamma peak,
due to the relatively high abundance of naturally occurring
"°K in the bentonite used.

Groundwater analysis - Analysis of groundwater
samples from directly below the waste provides good
information on contaminant releases from the waste region
and aquifer chemistry. Sampling points near the source
provide early detection of releases, and indicate the area of
release if remedial action is required. Monitoring of
biochemical conditions also provides information on
potential contaminant migration rates.

Solid sample analysis - Analysis of solids can provide
information on moisture content and contaminants in the
samples. The principal drawback of solid-sample analysis
is that the results are generally specific to the samples, and
may not indicate the general characteristics of other solids
in the facility. Nevertheless, some useful information can
be obtained. Moisture content in the waste region backfill
and soils indicate the drainage performance of the facility.
Gamma spectral analysis indicated the main gamma
emitters present in the sampled regions. Finally, for some
contaminants, such as ^Sr, solid-sample analysis, in
conjunction with groundwater analysis, can provide in-situ



measurements of distribution coefficients (kd's). These
can be used to model contaminant migration from the
facility.

ERT and geophysics surveys - The ERT surveys
performed in this study indicate that the technique has
potential to provide some information on trench locations
and waste characteristics. A potential role of geophysics
techniques would be to guide the positioning of coring to
avoid intersecting impenetrable wastes. Geophysics
techniques would also be invaluable if specific targets were
to be retrieved.

As stated earlier, a total of five boreholes were
installed in this project. Four of the five boreholes were
installed on their first attempt (i.e., coring penetrated
through the waste without rejection). The fifth borehole
required three attempts, each separated by about a metre.
External radiation exposures to the drill crew were
monitored throughout the operations. The exposures
averaged about 0.5 mR/person per borehole.
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