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1. Introduction

Defence Research Establishment Valcartier mandated INRS-Géoressources to supervise a
preliminary characterization study of the explosive burning site at CFAD Dundurn, Saskatchewan.
High energetic materials have been burned at that site for more than 25 years. The environmental
impact of this activity on soil and groundwater is unknown and this preliminary characterization
study was undertaken in september 1995. More than 16 wells were installed on site at 8 different
locations. In addition 72 soil samples and 31 groundwater samples were taken to investigate the site.
This report includes technical informations on geology, piezometry (water levels) and groundwater
flow, soil and groundwater sampling, energetic materials (RDX, HMX and TNT) analysis and
concentrations in soils and groundwater. Finally, conclusions and recommendations are made to

help the Ministry of defence better orient future work which would help the management of that
site.

2. Objectives and work responsabilities

The objective of this study was to characterize the open burning/open detonation (OB/OD) area of
the National Defence training area in CFAD Dundurn, Saskatchewan. This characterization study
includes drilling and well installation, groundwater flow and velocity determination, soil and
groundwater sampling, soil properties evaluation (grain-size distribution, composition, hydraulic
conductivity), RDX and TNT content in groundwater and soil.

Members of INRS-Géoressources, Golder Associates Ltd. employees, National Defence scientists
from Valcartier and members of the CFAD Dundurn were involved in field characterization
activities. Drilling and observation well installation were achieved by Golder Associates Ltd. under
the supervision of INRS-Géoressources members (Golder Associates Ltd., 1995). INRS-
Géoressources was responsible of soil and grounwater sampling, permeability tests, data
interpretation and writting the final report. Soil and groundwater sampling were done with the help
of National Defence scientists, and members of the CFAD Dundurn helped perform the
permeability tests. RDX, HMX and TNT in soil and groundwater samples were analyzed by
chemists of the Defence Research Establishment in Valcartier, Québec.

3. Location and geology

The CFAD Dundurn is located 30 km south of Saskatoon, Saskatchewan. The burning area is
located on the CFAD Dundurn base at 3.5 km north-west of the Dundurn camp. Topography is
typical of an eolian environment. Surficial sediments are eolian plain and eolian dune (SRC, 1986)
as observed in boreholes and are underlain by fluviolacustrine sediments. Two classes of grain-size
curves are observed (Appendix 1). 1) a poorly sorted sand with a mean grain diameter (d;,) which
varies between 40 pm to 70 pm corresponding to a very fine sand; and 2) a well sorted fine sand (d,,
between 100 um and 150um) which corresponds to layered sand deposits The proportion of silt-size
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material in sand varies from 1 to 10%. The sand is iron stained above the water table which indicates
an oxydizing environment. Layers of fine coal fragments were noticed in the sand between 6 and
7 m depth (around elevation 495 and 494 m). The underlying unoxydized till formations as well as
the underlying cretaceous rock formation were not drilled. The Bearpaw rock formation in the area
is defined as a gray, noncalcareous silt and clay (Christianson and Meneley, 1971).

4. Hydraulic head and groundwater flow

The hydraulic conductivity was evaluated using downward slug tests which were interpreted using
the Hvorslev (1951) method. The values measured vary by one order of magnitude i.e. from 1.7 x
107 to 1.0 x 10* m/s which is usual in stratified sediments (Appendix 2). The geometric mean
hydraulic conductivity (5.0 x 10° m/s) is typical of a fine sand (Freeze and Cherry, 1979). The
mean hydraulic conductivity of the sand was also evaluated from the 10% passing grain diameter
(d10) obtained from the grain-size curve (Hazen relation in Freeze and Cherry (1979)). The
estimated average permeability (2.5 x 10”° m/s) from grain-size curves (Appendix 3) agrees with the
mean hydraulic conductivity estimated from slug tests. Because there is no low permeability
sediment layers on top of the sand unit, the aquifer is unconfined and is vulnerable to groundwater
contamination from the soil surface. The water table at the site is located between 5 and 7 m depth
which corresponds to an elevation close to 505 m. The horizontal hydraulic gradient (the slope of
the water table) is 0.0005 m/m and groundwater flows from east to west (Figure 1). According to
the following equation, assuming a porosity of 0.3 for the sand, groundwater flows with an
estimated average velocity of 2.6 m/year. Assuming that groundwater flows at the same velocity
between the burning area and the closest discharge area (Indian lake), it would take approximately
2000 years to reach Indian lake located at 5700 m west. No significant vertical gradient is observed
in the wells. So, there is no significant upward and downward flow in the saturated zone.

v= Ki/n

where v is the mean groundwater velocity
K is the hydraulic conductivity m/s
i is the horizontal hydraulic gradient m/m
n is the porosity (pore volume fraction of the total volume)

Since most of the wells were aligned to follow potential contamination in soil and groundwater from
the burning area, it is recommanded to drill nine more sites to confirm groundwater flow directions
on a larger area. The hydraulic gradient is so small that it could shift with seasons and the
groundwater flow direction needs to be established more firmly.




5. Soil and groundwater sampling

Sixteen (16) boreholes were drilled between 6 m and 15 m deep with a 4.5 inch inside diameter
hollow stem auger. Records of boreholes from Golder Associates Ltd. (1995) are included in
Appendix 4. Each drilled site is identified on maps with letter P followed by a number indicating
the site. Sediments were sampled continuously at each 1.5 m interval with a 2 inch split spoon in
eight boreholes. Continuous records of soil conditions were made. All drilling and sampling
equipments were decontaminated (washed with warm water and rinsed with acetone, hexane,
acetone and distilled water) to reduce cross-contamination between samples and boreholes. Seventy
two (72) soil samples were taken and sample recovery was very good most of the time (between
60% and 100%) and there were very few unrecovered samples (2) and a few low recovery samples
(14) from 10% to 50%.

One observation well was installed in each borehole. Wells are identified on maps with letters A and
B indicating respectively the deep well (A close to 15 m depth) and the shallow well (B close to 6
m depth). Groundwater was sampled using a Waterra pump in november 1995 and in april 1996. To
obtain a representative groundwater sample from the aquifer, a volume of groundwater
corresponding to 5 times the volume of water inside the tubing and around the screen and the sand
filter was removed from the observation well. All observation wells were sampled in november 1995
and in april 1996.

6. RDX, HMX and TNT analyses in sediments and groundwater

RDX (hexahydro-1,3,5-trinitro-1,3,5-triazine) and TNT (2,4,6-trinitrotoluene) concentrations in soils
were determined in the field on every soil samples (except for P-8, with one sample out of two) with
the DTECH on-site technique and on one sample out of two in the laboratory by the HPLC
technique (EPA SW-846 Method 8330). All results of TNT, RDX and HMX analyses in soil
samples are included in tables of Appendix 5. HMX (octohydro-1,3,5,7-tetranitro-1,3,5,7-
tetrazocine) concentrations in soil as well as TNT concentrations in groundwater were determined
only in the laboratory by the HPLC technique (EPA SW-846 Method 8330). All results of TNT,
RDX and HMX analyses in groundwater samples are compiled at the Appendix 6.

RDX and TNT were extracted from soils with acetone as described in the DTECH soil extraction
Pac (TK-1001S-1). The DTECH method for TNT and RDX determination in soils utilizes
immunoassay technology. The minimum detection limit (MDL) of the test for RDX and TNT in soil

is 0.5 mg/kg (ppm). For TNT, the minimum quantitative limit in a soil sample occurs at a
concentration of 0.6 ppm.

In EPA SW-846 Method 8330, RDX, TNT and HMX in soils are extracted with acetronitrile and
estimation of these organic compounds concentrations and identification of their metabolites are
made by HPLC with a minimum detection limit of 0.2 mg/kg (ppm). RDX, HMX and TNT
concentrations in groundwater were determined by HPLC with a MDL of 0.2 pg/L (ppb).



7.0 RDX, HMX and TNT criteria and concentrations in soils and groundwater

7.1 Explosives criteria in groundwater

A groundwater quality criteria may vary as a function of aquifer classification, groundwater
utilization, human health risk or ecotoxicological risk, connection of the contaminated groundwater
with surface water or with other aquifer of higher class, and contaminant source location. The
Ministry of defence must study or evaluate what groundwater standard should be applied at the
Dundurn site. For the moment, because no such prior evaluation was done, we propose the use of
a drinking water guideline based on human health (Table 1). Drinking water guidelines exist for
TNT and RDX. The most recent data suggest a quality guideline for TNT in groundwater at 2.0 ppb.
An Ontario guideline based on a AWWA (American Water Work Association) reference of 1983
proposed 5 ppb. We proposed the 2 ppb criteria because it is conservative and is related to recent
litterature. EPA published a guideline for RDX in groundwater in 1992. This very strict criteria of
0.3 ppb was based on health advisory and should be used as a preliminary guideline to see extent
of groundwater contamination by this high explosive compound. No quality guideline was available
for HMX concentrations in groundwater.

Table 1. Drinking water guideline based on health advisory for TNT and RDX

Drinking water
guideline

TNT concentration
in groundwater

RDX concentration
in groundwater

HMX concentration
in groundwater

(ng/L) (ng/L) (pg/L)
2.0:’ 0.39 no data available
5.09

 IRIS data bank (revised standard in 1993)

® Environment Ontario, 1989 (Emergency limit for long-term consumption)
9 Mc Lellan et al., 1992

7.2 Explosives concentration in groundwater

In the fall of 1995 and the spring of 1996, TNT was detected in groundwater of the shallow well (B)
of the P-3 site (the main burning area) but not in the deep well (A) (Figure 2). Concentrations of
TNT in this well (2.7 and 1.9 ppb) are low but close to the drinking water criteria of 2 ppb. In fall
1995, TNT was detected at a value close to 2 ppb in groundwater in the deep wells of two
upgradient sites, P-1 and P-2, but was not detected in the spring of 1996. In the fall, a groundwater
sample from the shallow well (B) of the downgradient sampling site P-6 had a measured TNT
concentration above 2 ppb but again was not contaminated in the spring. The available data
indicate that groundwater contamination by TNT is not persistent (appears and desapears with
seasons) and seems to be limited to the burning area.
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RDX concentrations measured in groundwater are significant (80-120 ppb) in the shallow well (B)
of P-3B in the main burning area (Figure 3) and are persistant throughout seasons. RDX
concentrations in groundwater decrease significantly with depth to reach the 5 ppb in the deep well
(A). Elsewhere in the burning area, P-4 shows a lower level of RDX in groundwater. A RDX
concentration in groundwater which decreases with depth is also observed at this site (from 4.5 ppb
to 2.5 ppb). The surronding sites (P-2 and P-5) have also detected RDX in groundwater but with
concentrations less than 2 ppb. In the same way, the downgradient site P-6 showed 2 ppb detected

in both levels only last fall. Surprisingly, the upgradient site P-1 has persistant RDX concentrations
in groundwater close to 5 ppb in both levels.

Because we dont know the extent of groundwater contamination by RDX, especially from the main
burning area (site P-3), we propose to drill additonnal wells downgradient. Proposed location of
future monitoring wells are shown on Figure 4. To better understand RDX and TNT circulation and
transformation in groundwater we propose also to install two succion lysimeters in the vadose zone
in the main burning area. The lysimeters could indicate the concentration of RDX and TNT in the
water held in the soil under the burning areas prior to mixing with the underlying groundwater.

A false positive have occured in the groundwater sample of the shallow well of P-7. This can be
explained by a probable cross-contamination with the drilling equipment. This assumption could be
verified with an additionnal groundwater sampling If RDX and HMX are still present in P-7 after
this sampling, an upgradient well should be installed to verify groundwater flow in this area.

HMX was undetected in most of the sampled wells (Figure 5). Concentrations of HMX in wells of
the main burning area increase with depth going from 1 ppb near the water table to 4 ppb at depth.
The same trend is observed with the neighbord site P-4. HMX seems not to be used, persistent or
mobile in groundwater since no detected concentrations are observed in the downgradient wells of
the main burning area (P-5, P-6 and P-8) Since no drinking water standards are available for this
organic compound and the concentrations detected are very low, no specific recommendations are
made for this explosive.

7.3 Explosives criteria in soil

A soil quality criteria may vary as a function of human health risk or ecotoxicological risk. The
Ministry of defence must study or evaluate which soil criteria should be applied at the Dundurn site.
For the moment, because no such evaluation was done, we propose to use existing soil criteria based
on human health.

Soil criteria were calculated, based on human health, by Daniels and Knezovich (1994) for TNT,
RDX and HMX. They evaluated concentrations in soil for carcinogenic and noncarcinogenic
compounds. This study, which uses GEOTOX for criteria calculation, cannot be applied at the local
scale (J.-P. Trépanier, personnal communication). However, it gives an idea of the relative toxicity
of these compounds.
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TNT and RDX are possible human carcinogens. The criteria for TNT and RDX in soil (for a 107
excess cancer risk) presented in Table 2 suggest that land contaminated at concentrations above 2.4
ppb and 0.35 ppb respectively, will need to be cleaned up. The very low level of excess cancer risk
used in the calculation of these criteria is unrealistic and unsignificant compared to the 0.3
background cancer risk in the population. A value of 10 is more likely to represent the level of risk
applied and allowed in our society. U.S. EPA., American policy agencies and Québec ministry of
environment are proposing and evaluating the possibility to use 10* or 107 as potentially acceptable
level of risk in environmental criteria calculation (U.S. EPA, 1991). For a 10 levels of risk, soil
criteria of 0.24 ppm and 0.035 ppm for TNT and RDX respectively would be recommended.

If further toxicological studies show that these compounds are not human carcinogens, then the
levels for cleanup would be the ones related to the hazard index: i.e. 0.037 ppm and 0.12 ppm for
TNT and RDX respectively. Selecting the more restrictive criteria calculated based on the 10 level
of risk and the hazard index, we obtain 0.037 ppm for TNT and 0.035 ppm for RDX.

HMX has inadequate data on carcinogenecity or no evidence of carcinogenecity. The criteria for
HMX in soil (2.2 ppm) is based on the hazard index because HMX is not classifiable as a human
carcinogen.

Trépanier and Ayotte (1991) calculated generic soil criteria for TNT based on human health. They
evaluated criteria based on potential land use (Table 3). Concentrations of contaminant in soil lower
than B criteria allow residential use whereas a land where concentrations of contaminant are lower
than C criteria may be used for industrial development. As shown for TNT, criteria may change
depending on the proposed land use. The B criteria for TNT, calculated by Trépanier and Ayotte
(1991), corresponds to the selected criteria by Daniels and Knezovich (1994).

Table 2. Concentration of TNT, RDX and HMX in soil above which cleanup would be
recommanded based on human risk (Daniels and Knezovich, 1994)

Potentially acceptable TNT RDX HMX
level of risk and the concentration concentration concentration
acceptable index for in soil (mg/kg) in soil (mg/kg) in soil (mg/kg)

noncancinogenic hazard

10 excess cancer risk 0.0024 0.00035 n/a

10* excess cancer risk 0.24 0.035 n/a

hazard risk 0.037 0.12 2.2




Table 3. TNT concentrations in soil and potential land use based on human risk
(Trépanier and Ayotte, 1991)

Potential Land Use TNT concentration
in soil (mg/kg)
Residential (B criteria) 0.04
Industrial (C criteria) 1.7

7.4 Explosives concentrations in soil

TNT concentrations in soil are low (Figure 6) but the minimum detection limit (0.2 ppm) of the
analatycal method used is one order of magnitude higher than the selected soil criteria (0.037 ppm)
which makes impossible the estimation of the contaminated volume of soil. TNT concentrations in
groundwater of some wells are not linked to TNT concentrations in soils (P-3B, P-4A P-6B P7-B).
For a better interpretation of this effect, we recommend to analyze soil samples (P-3 15-20, 35-40,
45-50; P-6 25-30, 30-35; P-7 15-20) with the more precise HPLC technique.

RDX was not detected in soil (Figure 7) except at P-4 where 13 ppm was analysed by HPLC
between 40 and 45 feet depth. This zone contaminated with RDX does not correspond to the major
groundwater contamination by RDX at the Dundum site indicating that soil and groundwater
contamination are curiously not directly related. The minimum detection limit (0.2 ppm) of the
HPLC method used is one order of magnitude higher than the selected soil criteria (0.035 ppm)
which makes impossible the estimation of the contaminated volume of soil by RDX.

No contamination of soil was detected for HMX (Figure 8). HMX concentrations in soil are
undetected or are detected at two sites at 0.4 ppm which is far below the proposed 2.2 ppm criteria.

We recommend to the Ministry of defence to make a risk analysis based on health or
ecotoxicological data to generate site specific criteria for TNT and RDX in soil and groundwater.
From this evaluation, it will be decided if more precise soil analyses are needed. However, the extent
of groundwater contamination by RDX and the groundwater flow direction must be better defined
before performing the risk analysis. Groundwater usage in the area as well as aquifer classification
should also be better known. More wells and a few succion lysimeters must be installed to better
understand the behavior of TNT and RDX in soil and groundwater at the site.

8. Conclusions and recommendations

A preliminary characterization study of soil and groundwater has been done at the Dundurn site The
explosive burning area is located on an unconfined fine sand aquifer having a mean hydraulic
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conductivity of 5 x 10°* m/s. The water table is located 6 m deep. Groundwater flows from east to
west with a mean velocity of 3 m/year. HMX, RDX and TNT have been detected in groundwater
and soil. RDX concentrations in groundwater of the main burning area is high compared to
available contamination criteria. However RDX contamination extent outsite the burning area is
unknown.

HMZX was undetected in most of the sampled wells. HMX seems not to be used, persistent or mobile
in groundwater since no detected concentrations are observed in the downgradient wells of the main
burning area (P-5, P-6 and P-8). Since no drinking water standards are available for this organic
compound and the concentrations detected are very low, no specific recommendations are made for
this explosive.

INT was detected in groundwater of the shallow well of the main burning area and periodically in
other wells. The available data show that groundwater contamination by TNT is not persistent
(appears and desapears with seasons) and seems to be limited to the burning area.

TNT concentrations in soil are low but the minimum detection limit of the analytical method used
is one order of magnitude higher than the selected soil criteria which makes impossible the
estimation of the contaminated volume of soil. TNT concentrations in groundwater of some wells
are not linked to TNT concentrations in soils.

RDX was not detected in soil except in one soil sample at P-4. This RDX contaminated zone does
not correspond to the major groundwater contamination by RDX at the Dundurn site which indicates
that soil and groundwater contamination seem curiously not directly related. The minimum detection
limit of the HPL.C method used is one order of magnitude higher than the selected soil criteria which
makes impossible the estimation of the contaminated volume of soil by RDX.

No contamination of soil occured with HMX. HMX concentrations in soil are undetected or are
detected at two sites at 0.4 ppm which is far below the proposed 2 2 ppm criteria.

We recommend to the Ministry of defence to make a risk analysis based on health or
ecotoxicological data to generate site specific criteria for TNT and RDX in soil and groundwater.
From this evaluation it will be decided if a more precise soil analysis method is needed.

The extent of groundwater contamination by RDX and the groundwater flow direction must be
better defined before performing a risk analysis. Also, groundwater usage in the area as well aquifer
classification should be better known. We propose the drilling of additonnal wells downgradient
of the P-3 site. To better understand RDX and TNT circulation and transformation in groundwater

we also propose the installation of two succion lysimeters in the vadose zone in the main burning
area.

For a better interpretation of the link between TNT in groundwater and soil, we recommend to
analyze soil samples (P-3 15-20, 35-40, 45-50; P-6 25-30, 30-35, P-7 15-20) with the more precise
HPLC technique.
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Additionnal groundwater sampling is required in the shallow well of the P-7 site to verify if cross-
contamination by RDX and HMX occured during well installation. If contamination persists, an
upgradient well should be installed to verify groundwater flow in this area.

9, References

Christianson, E. A. and W. A. Meneley. 1971. Geology and groundwater resources of the Rosetown
area (72-0), Saskatchewan. Saskatchewan Research Council, Geolgy division. Map 1:250,000.

Daniels, J. 1. and J. P. Knezovich, 1994. Human health risks from TNT, RDX, and HMX in
environmental media and consideration of the U.S. regulatory environment. In proceedings 1994
Luxembourg International Symposium on the Rehabilitation of Former Military Sites and
Denmilitarization of Explosive Ordonance Grand Duchy of Luxembourg.

Department of National defence, 1978. Camp Dundurn, Saskatchewan, Mapping and charting
establishment. Department of National defence, Canada Map MCE 3 TR 88.

Environment Ontario, 1989. Parameters listing system (Palis). Drinking Water Section, water
Resources Branch. March 1989. 87 pp.

Freeze, R. A. and J. A. Cherry, 1979. Groundwater. Prentice-Hall, Inc. Englewood Cliffs, New
Jersey. 604 pp.

Golder Associates Ltd., 1995. Drilling and obsevation well installation at a site contaminated with
explosives at CFAD Dundurn (Saskatchewan). Report 952-6384. Prepared for National Defence
Department, Defense Research Establishment Valcartier. 15 pp.

Hvorslev, M. J. 1951. Time lag and soil permeability in groundwater observations: U.S. Army Corps
of Engineers. Waterway Experiment Station. Bulletin no. 36, Vicksburg, Mississipi April 1951. 50

pp-

McLellan W. L., W. R. Hartly and M. E. Brower, 1992. Hexahydro-1,3,5-trinitro-1,3,5-triazine
(RDX) drinking water health advisory: minution. USEPA, Roberts and Hartly (Eds), pp 133-175.

SRC, 1986. Surficial geology of the Rosetown area (72 O) Saskatchewan Sedimentary resources.
Saskatchewan Research Council. Map sacle 1:250,000.

Trépanier, J. P. and P. Ayotte, 1991. Analyse du risque relié & la présence de TNT dans les sols:
Elaboration de critére de décontamination. Ministére de l'environnement du Québec. Service
d'analyse de risque. Septembre 1991. 16 p.

USEPA, 1991. Risk Assessment Guidance for Superfund. Volume 1 Human Health Evaluation
Manual (part B, Development of risk-based preliminary remediation goals). U.S. Environmental
Protection Agency, Report PB92-963333. December 1991 Washington, DC. 54 pp.



1200

1050

950

o
8
3
< WATER ELEVATION TABLE MAP
F CFAD DUNDURN, SASKATCHEWAN
! | Legend
/ | | T _-I Explosive TS 54084~  Water table
/ | ' _| burning area elevation (m)
/ [ e = mmem = Road w Groundwater flow
2 / ! TN - §
~ \ Hill {(dune)
’ -~
/ | -—
| [ Scale Drawnby  Karl-Enc Martel, Ing r , MSc
0 50 j00m INRS-Géoressources
/ ! § —— 021 18-09-96
L] 1 1 T T T 1 T L M
600 700 800 900 1000 1100 1200
Figure1l.  Water table elevation map and groundwater flow.

01



o

600 700 800 900 1000 1100 1200

L 1 L L 1 1 . 1 1 1 1

[ - ———
LE W] Ay
\

P8 - -
§- ‘¢_ SR N fow / nd gﬁ - §
- L7 -

SN e I
low/- | 50 ~ % /-
25 \ \~ low / nd gg 'A-—"—-—
2%/ nd 30 \ low / - 30 -
- ~_-- - low / nd ---——" W'Sﬂ s
1 B ! 10
\ 40 § low /nd
low / nd 45 \ 1 Tow /- 15
| I 8%/~ | oo I low /g | 20
! P3P l low/-__1 49
\ ; i 1 flow/03
o] 1%/ | | @
& N b l ' L"-’!’il—-—ss SHED ©
/ P2 L] low /- 140
~ \ — P6-¢- ! P5'¢' P4 .¢- L] 2%/0.2 45
NG low/na] Ot ! owTraT ot 3%7nd] Ot 50
5%7- 0 5%7na] oM e 2%/ P1-¢-
~ 10 LIALS W low /- 10 ~ -___.-—-n\
\ low / nd 15 1%/ 10 low/ nd 15 low/ 10 " — -~ P7¢
- 6% /- i fow/nd ow /- low / nd [p— oft
N low/ nd gg | low /- ;g low/nd 20 1% /- ;g [:Igl%ﬁq_ 5 r
%1~ L 1%/nd ow/-_| 29 1%/ TEER A
4% / nd 30 - - = Tow/- 25 I T 30 " [low/nd 22,5 low / nd 5
35 30 1% /1.0 55 D 25 l- | )
AN low/ nd Tow 7 - 3%/ nd 20
- 35 40 = 30 low / nd
low / %708 fow / 25
2 \ low/nd] 40 45 39%70.4] 32 low / - -
&7 ow/- T4 Yl lg lov:/-' 40 low/nd | 2 r‘o"
\ 50 45 35
\ TNT CONCENTRATIONS IN SOILS
CFAD DUNDURN, SASKATCHEWAN
§ \ Legend o
- Explos} 0 oft TNt trati /ppb,
' | ] et 5 e oyeen 8586
| p—— a8 a funcilon of depth
—
2 St v = RoAG \ \/ Hilt (dune) &
Scale Drawnby Kari-Eric Martet, ing Jr., MSc
[} 50 100 m INRS-Géoressources
e ee—— Date 18-06-98
T T T LI L T ¥ T T
600 700 800 900 1000 1100 1200
Figure 2. TNT concentrations in soil samples.
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APPENDIX 1.

Grain-size curves
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APPENDIX 2.

Slug test data and hydraulic conductivity in wells

Hydraulic conductivity calculated by slug test in wells

WELL Hydraulic
NUMBER conductivity

(m/s)
P-1A 7.7x 107
P-2A 6.2 x 107
P-3A 1.7 x 107
P-4A 8.1x10°
P-4B 9.7x10°
P-SA 2.6 x10°
P-5B 7.5x 10°
P-6A 1.5 x 10%
P-6B 49x10°
P-7A 1.0 x 10%
P-8A 7.1x 10
P-8B 55x 107
Mean hydraulic | 5.0 x 107
conductivity




Temps Pression h Temps corr. h/ho
(s) (cm d'eau) (cm) (s)
0.0 1183.6 -0.10 -23.8 0.00
1.7 1183.7 0.00 -22.1 0.00
34 11837 0.00 -204 000 §
5.1 1183.7 0.00 -18.7 000 I
6.8 1183.7 000 -170 0.00 'g’
8.5 1183.8 0.10 -15.3 0.00
10.2 1183.8 0.10 -13.6 0.00
11.9 1183 8 010 -119 0.00
13.6 1183.7 0.00 -10.2 0.00
I njectiondeay |
15.3 1185.6 1.90 -8.5 0.02
17.0 1170.7 -13.00 -6.8 -0.15
18.7 1145.5 -38 20 -5.1 -0.45
204 | 12010 | 1730 | 84 | 020
22.1 1247.9 64.20 -1.7 0.75
Début de I'essal
23.8 1268 9 85.20 0.0 1.00
25.5 1260.3 76.60 1.7 0.90
27.2 1250.7 67.00 3.4 0.79
B 289 | 12426 | 5890 | 51 0.69
306_| 1253 | 5160 | 68 | 061
323 1229.1 45.40 8.5 0.53
34.0 1223.4 3970 10.2 0.47
35.7 1218.5 34.80 11.9 0.41
37.4 1214.7 31.00 13.6 0.36
39.1 1211.3 27 60 15.3 032
40.8 1208.4 24.70 170 0.29
425 1206.0 22.30 18.7 0.26
442 1204 0 20.30 20.4 0.24
45.9 1202.3 18.60 22.1 0.22
ho= 85.2 cm
(Rayon du puits) r= 2.54 cm
(Long. crépine) L= 152.4 cm
(Temps & h/ho = 0,37) To= 14.0 S

Figure 2.
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rlyure 3,

Temps Pression h Temps corr. h/ho
k (s) (cm d'eau) (cm) {(s)
0.0 1190.3 -0.10 -23.8 0.00 o ~ 13200
o o) 3
1.7 1190.6 0.20 -22.1 0.00 & ® |
5.1 1190.5 0.10 -18.7 000 & w 13000 1‘" *
6.8 11905 0.10 -17.0 0.00 > 5 1280.0 %
102 | 11903 -0.10 -13.6 000 < °s.
injection d'eau % 1260.0 hd Rl "ol
13.6 1190.4 0.00 1102 000 o bt
15.3 11835 -6.90 -85 -006 P 12400 °.
170 1258.1 67.70 6.8 " 0.61 g 1220.0 oo
| 187 1298.8 108.40 -5.1 0.98 5 1200.0
204 1302.4 112.00 -3.4 1.01 2 wess
22.1 1300.6 110.20 1.7 1.00 -~ 1180.0 J
Début de l'essal 0.0 20.0 40.0 60.0 80.0 100.0
23.8 1301.0 110.60 0.0 1.00 Temps (s)
27.2 1295.1 104.70 3.4 0.95
30.6 1287.1 96.70 6.8 0.87
34.0 1280.6 90.20 10.2 082
37.4 1274.9 84.50 136 076
40.8 1270.6 80 20 170 0.73 1.00 &
44.2 1264.1 73.70 204 0.67 n
476 1260.0 69.60 23.8 0.63 "
51.0 1257.8 67.40 27.2 0.61 JEIE L+
54.4 1252.6 62.20 306 0.56 937 “
57.8 1250.2 59.80 34.0 0.54 g Fl L - JSREERRRCEA
61.2 1249.1 58.70 374 0.53 < "
64.6 1247.2 56.80 40.8 0.51
68.0 1243.1 52.70 44.2 0.48
- 714 | 12408 | 5050 47.6 0.46
74.8 1230.1 39.70 51.0 0.36
| 782 1226.1 35.70 544 | 032 0.10 3
81.6 1224.0 33.60 57.8 0.30 0.0 10.0 20.0 30.0 40.0 50.0 60.0 70.0
850 | 12223 | 3190 | 612 0.29 | Temps corrigé (s)
88.4 1220.6 30.20 646 | 0.27 |
T 2
ho= 110.6 cm ¢ In(Un Conductivité hydraulique
(Rayon du puits) r= 2.54 cm = 2*L*To K= 1.7E-03 cm/s
(Long. crépine) L= 152.4 cm
_(Tempsahho=037)  To= _ 505 s

Basal de permdablilitd a nilveau desuendatit, pullp Pla
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we

Temps Pression h Temps corr. h/ho
(s) (cm d'eau) {cm) (s) | |
0.0 1592.3 0.00 -20.4 000
1.7 1592.3 0.00 -18.7 0.00
34 1592.4 0.10 -17.0 000 o
51 1592.5 0.20 -16.3 0.00 &
6.8 1592.6 0.30 -13.6 000 3
85 1592.6 0.30 -11.9 000 S
10.2 15927 0.40 -10.2 0.00
11.9 1592.8 0.50 -8.5 000
13.6 1592.8 0.50 -6.8 0.00
Injection d'eau
153 1593.1 080 -5.1 0.01
17.0 1598 3 6.00 -3.4 0.05
18.7 1666.7 74.40 -1.7 0.60
Début de I'essal
204 1716.0 123.70 0.0 100
224 1686.0 93.70 1.7 076 |
238 1668.5 76.20 3.4 062 |
255 1656.2 63 90 5.1 052
27.2 1646.6 54.30 68 0.44
28.9 1638.7 46.40 8.5 0.38
306 | 16323 | 4000 | 102 | 032
323 | 16274 3480 | 1.9 0.28
340 1622.8 30.50 136 025
35.7 1619 4 27.10 153 0.22
37.4 1616.5 24.20 170 0.20
ho= 123.7 cm
(Rayon du puits) r= 2.54 cm
(L.ong. crépine) L= 152.4 cm
(Temps a h/ho = 0,37) To= 10.7 s

Figure 4.
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Temps Pression h Temps cofT. h/ho
(s) (cmd'eau) | (cm) (s) _ 11500
0.0 10353 | -98.40 136 100 O 3
= © 1130.0 *
34 1035.3 -98.40 -10.2 -1.00 g 'g :
= [ ]
5.1 1035.3 -98 40 -8.5 -1.00 § % 1110.0 .
85 10356 98.10 -5.1 -1.00 9 .
Injection d'eau @ 1090.0 .
Q. ®
10.2 1038.7 -95.00 3.4 097
$ 1070.0 S
e | w2260 | 7 | 029 2 * W
Début de l'essal § 1050.0 bd
S ..o ssal .. .. =
13.6 1133.7 98.40 0.0 1.00 a 1030.0 o ¢ P
15.3 11186 83.30 17 0.85 ’
75 o2e P e 560 0.0 5.0 10.0 15.0 20.0 25.0 30.0
18.7 1090.6 55.30 5.1 0.56 Temps (s)
204 1080 2 44.90 6.8 0.46
221 1072.0 36.70 8.5 1 037
23.8 1065.6 30.30 10.2 0.31 1.00
238 | 10606 | 904U | TMe LWL -
25.5 1060.5 25.20 11.9 0.26
2255 | 10800 | eweb ] 1Y _Ueb | . _]
27.2 1057.1 2180 13.6 0.22 .
28.9 1054.3 19.00 15.3 0.19 1 o
20,37 b
ho= 98.4 cm = 4
(Rayon du puits) r= 2.54 cm .
(Long. crépine) L= 152.4 cm v
(Temps a h/ho = 0,37) To= 9.0 [}
0.10 +-
0.0 5.0 10.0 15.0 20.0
Temps corrigé (s)
K= r2 In(un Conductivité hydraulique
2'L'To K= 97E-03 cm/s

€

Figure 5. Essai de perméabilité & niveau descendant, puits P4b



Temps Pression h Temps corr. | ___h/l'y:__l
(s) (cm d'eau) {cm) (s) b
0.0 1447.5 0.00 -34.0 0.00 %’
51 1447.3 -0.20 -28.9 001 & __1485.0
Eiruis R R I - E] 3 on,
1189 1447 5 000 -22.1 | 0.00 $ 14800 ® -
injection d'eau g 1475.0 00 o g—
| . .. _Inectondeau - _} .
153 | 14479 | 040 -18.7 00t < 1470.0 - ® ¢ o
170 | 14510 3.60 -17.0 0.11 % 1465.0 o
““10_8.7 1464 .4 16.90 -16.3 __0_50 95’- 1460.0
23.8 1478.9 31.40 -10.2 0.93 2 14550
- 2]
28.9 14810 3350 5.1 0.99 8 14500 § ‘:
2 [ ]
230.6 1481.2 33.70 3.4 1.00 5 1445.0
Début de I'essal -
: nm R - 1440.0
340 | 14813 | 3380 \ 00 4 100 0.0 50.0 100.0 150.0 200.0
35.7 1481.1 33.60 1.7 0.99
Temps (s)
40.8 1480.8 33.10 6.8 0.98
49.3 14796 | 3210 15.3 095 - — —
. 78. 1. :
544 | 14788 | 3130 | 204 | 093 1.00 Mag 1
56.1 1478.4 30.90 221 0.91 -
83.3 1475.9 28.40 49.3 0.84 Stel
I
884 | 14753 27.80 54.4 0.82 Sy
w52 | a7 | 220 | 612 | 080 Loy ANANER R
1054 | 14741 | 2660 | 714 | 079 j
1309 | 14724 | 2490 | 969 074 : .
136.0 1471.5 24,00 102.0 0.71 -
1496 | 14709 23 40 115.6 0.69 0.10 .'
1649 | 14699 | 2240 | 1309 | 066 0.0 100.0 200.0 300.0 400.0
181.9 1469.0 21.50 147.9 0.64 ,
Temps corrigé (s)
| 2006 1468 2 20.70 166.6 0.61
ho= 33.8 cm
2
(Rayon du puits) r= 25 cm r In() Conductivité hydraulique
K= o
(Long. crépine) L= 152.4 cm 2*L*To K= 2.6E-04 cm/s
| (Temps & h/ho =0,37) To= 3296 s |

Figure 6. Essai de perméabilité & niveau descendant, puits P5a
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| Temps . Presslon h i Temps corr. _;
(s {cm d'eau) (cm) s 1
00 1016.1 -0.40 -28.9 000 § = 11100 o
6.8 1016.5 0.00 -22.1 000 _§ 1100.0
02 | o169 | o40 | sz | oo S g 10900
136 | 10172 | o070 -15.3 001 ‘2’ 1080.0 °
. ______ Injection deau & 1270'0 .
| 221 10181 | 160 6.8 002 | g ogg:g . *e
23.8 1020.9 4.40 5.1 0.05 § 1040.0 e _
255 1055.3 38.80 -3.4 0.43 £ 1030.0 hd.. S SR
27.2 1103.8 87.30 1.7 0.97 3 1020.0 ) *
Début de I'essat - 10100
289 | 11062 89.70 0.0 1.00 00 100 200 30.0 400 500 60.0 700
306 1088.5 72.00 17 0.80 Temps (s)
| 323 1073.5 57.00 3.4 0.64
340 | _toe44 | 4790 | 51 | 053
357 1057.5 41,00 6.8 0.46
374 1051.7 35.20 8.5 039 | 1.00
39.1 1046.9 30.40 10.2 034 ®
408 1043.0 26.50 119 0.30 * 3
425 1040.0 23.50 13.6 026 e
442 10977 | 2120 | 153 | 024 237 | IR
45.9 1035.8 19.30 17.0 0.22 < : ® e !
476 1034.2 17.70 18.7 0.20 - .
493 | 10330 | 1650 | 20.4 0.18 :
51.0 1032.0 15.50 22.1 017 0.10 :
57.8 1029.6 13.10 28.9 0.15 0.0 50 10.0 15.0 20.0
61.2 1028 8 12.30 323 0.14 Temps corrigé (s)
68.0 1028.2 11.70 39.1 0.13
ho= 89.7 cm 2 1n wn Conductivité hydraulique
(Rayon du puits) r= 2.54 cm = T To K= 7.5E-03 cm/s
(Long. crépine) L= 152.4 cm
(Temps a h/ho = 0,37) To= 11.609 s

Figure 7. Essai de perméabilité a niveau descendant, puits P5b

143



| Temps Pression h Temps corr. | h/ho
(s) (cm d'eau) (cm) (s)
0.0 14314 0.00 -15.3 0.00 o
1.7 1431.4 0.00 -13.6 0.00 %
i 3.4 14313 -0.10 -11.9 0.00 g—,
5.1 1431.4 0.00 -10.2 0.00 °
6.8 14314 000 -8.5 0.00
Injection d'eau
__-&5 1435.7 43Q_~ -6.8 0.12
102 1450.0 18.60 -5.1 0.53
11.9 1460.3 28.90 -3.4 0.82
136 1465.3 33.90 -1.7 097
N Début_de l'essai o
153 1466.5 3510 0.0 1.00
170 | 14580 [ 2660 | 17 | 076
187 | 14507 | 19.30 | 34 0.55
204 14453 13.90 51 040
221 14417 10.30 6.8 0.29
238 | wder | 770 | 85 | o022
255 | 14372 | 580 102 | 017
27.2 1435.6 4.20 1.9 0.12
~_:..'!8_;9—_ __v1‘}3€.6_ . 3.20‘ - »1:3.6 0.09__
ho= "375.1 cm
(Rayon du putts) r= 2.54 cm
(Long. crépine) L= 152.4 cm
(Tempsahho=037) To= 5.6 s

Figure 8.

= 1470.0
8 1465.0 .
o]
5 1460.0 . 5
§ 1455.0
@ 1450.0 —e
o 14450
© °
8 1440.0 -
5 [ ]
5 1435.0 . o
= 14300 22
0.0 10.0 15.0 20.0 25.0 30.0
Temps
1.00 ®
o]
£037
: w
®
o
0.10
0.0 5.0 10.0 15.0
Temps corrigé (s)
) Conductivité hydraulique
r2 n U ydrauliq
= - K= 1.5E-02 cm/s
2*1.*To

Essai de perméablilité A& niveau descendant, pults P6a
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Temps Pression h Temps corr. h/ho
(s) {cm d'eau) (cm) (s)
0.0 10121 -39.60 -15.3 -0.79 2
5.1 1011.2 -40.50 -10.2 -0.81 §_
8.5 1010.9 -40.80 -68 -0.82 S
Injection d'eau
10.2 1013.2 -3_8_30 -5.1 -0.77
i 119 103‘5;.3 ~{6.40 -3.4 -033
13.6 1051.7 40.50 -1.7 0.81
Début de 'essai
153 1061.1 49.90 0.0 1.00
~_1_7.0 1056.9 45.70 17 O.QL
o187 | 10526 41.40 34 083
| 204 1048.6 37.40 5.1 0.75 |
22.1 1045.0 33.80 6.8 0.68
238 1041.8 30.60 8.5 0.61
255 1039.1 27.90 102 0.56
27.2 1036 6 25.40 119 051
289 | 10343 | 2310 | 136 | 046 |
30.6 1032.3 21.10 153 042
323 1030.3 1910 17.0 0.38
34.0 1028 6 17 40 18.7 0.35
- 357 1&2_7.1 15 90 2(_)1__‘_ 0.32~
__.<37.4 1025.7 14_59 o _22.1 0.29
39.1 | 10244 | 1320 | 288 | 026
i :‘40- B_J I 1023 1 11.90 255 0.24__
42.5 1022.0 10.80 27.2 022 |
442 1021.0 9.80 28.9 0.20
7Ai15.9 1020.0 8.80 30.6 018
ho= 49.9 cm
{Rayon du puits) r= 2.54 cm
(Long. crépine) L= 152.4 cm
(Tamps & h/ho = 0,37) To= 17.7 5

__1070.0
3
3
» 1060.0 '.
i 1050.0 [
2 [
2 1040.0 2.
E. ..b
S 1030.0 —5—
" e,
o ‘e
2 1020.0 s
O
3 ?
1010.0 e
0.0 20.0 30.0 40.0 50.0
Temps (s)
1.00 ,
»
¢ »
S 0
2037 LR
= ' L
‘ ®
. »
0.10 '
0.0 5.0 10.0 15.0 20.0 25.0 30.0
Temps (s)
) A .
_ion wn Conductivité hydraulique
2*[*To K= 4.9E-03 cm/s

Figure 9. Essai de perméabilité & niveau descendant, puits 6b
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Temps Pression h Temps cofr. h/ho
(s) (cm d'eau) (cm) (s) = 1340.0 -
00 1294.4 68.40 -23.8 061 Q 3
2 o 1320.0 L
1.7 1295.0 69 00 -22.1 061 & € .
= O
: : . -17. S -
6.8 1294.9 68.90 17.0 061 S c 13000 ;o5 %
102 1294.6 68.60 -6.8 0.61 S .
w
Injection d'eau o 1280.0 *
o [
13.6 1276.9 50.90 -34 0.45 ,8 1260.0 Py 5
153 13125 86.50 A7 0.77 2 .
. 3 1240.0 e,
Début de l'essal B *sle o
-l
170 1338.3 112.30 0.0 100 1220.0
187 13189 92.90 17 083 0.0 10.0 20.0 30.0 40.0 50.0
0. 1299.7 73.70 34 )
20.4 29 0.66 Temps (s)
22.1 1284.6 58.60 5.1 0.52
238 1270.4 44.40 68 0.40
255 1261.3 35.30 8.5 0.31
27.2 1254.5 28.50 10.2 0.25 1.00
[
289 12495 2350 11.9 0.21 .
30.6 1247.3 21.30 13.6 0.19
323 1242.8 16.80 15.3 0.15 E 0.37
34.0 1241.3 15.30 17.0 0.14 £ o
357 1238.8 12.80 18.7 0.11 .
37.4 1236.4 10.40 204 0.09 ®| e
Cagq | 12342 8.20 22.1 0.07 0.10 ®
40.8 1233.0 7.00 23.8 0.06 0.0 5.0 *10.0 15.0 20.0
425 1231.7 570 255 005 Temps corrigé (s)
ho= 112.3 cm
(Rayon du puits) r= 2.54 cm r 2 In QLN Conductivité hydraulique
Long. créplne L= 162.4 cm = - = .0E-
{Long. crépine) 7o K= 1.0E-02 cm/s
(Temps8hho=037) To= 87 s

Figure 10. Essai de perméabilité & niveau descendant, puits P7a
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Figure 11. Essai de perméabilité & niveau descendant, puits P8a

i Temps Pression h Temps cort. h/mho
(s) (cm d'eau) (cm) (s)
0.0 1085.2 0.00 288 0.00 _. 1190.0
5.0 1085.2 000 238 000 £ & 1180.0 -
10.1 10853 0.10 187 000 3 E 1170.0 b
15.2 1085.4 020 -136 000 S 5 11600 [
5 1150.0 -
20.3 1085 3 010 -8.5 000 2 11400 . 5
22,0 1085.2 0.00 -6.8 0.00 $ 11300 .
o Injection d'eau L 2 1120.0 .
237 1089.6 4.40 -5.1 0.05 @ 1110.0 e "
254 1136.8 51.60 3.4 053 % 1100.0 A R
27.1 1181.8 96.60 A7 0.99 g 10900 F— o3 5e®
— 1080.0
Début de fessal 00 100 200 300 400 500 600 700
288 | 11827 | 9750 | 00 1.00 Temps (s)
305 1165.2 | 8000 | 17 | 082 _
) 322 11547 | 6950 | 34 o7t
: 33.9 11451 5090 | 51 | 061
35.6 1137.2 52,00 6.8 0.53 1.00 ¢—
373 | 11305 | 4530 | 85 | 046 —
@0 | ti2s0 | 380 | 102 | o4 D
407 | 11204 35.20 1.9 0.36 . .Jb.—‘
424 11163 31.10 13.6 0.32 £037 _ Ci
441 | 11128 | 2760 | 153 0.28 1 1®e
458 1109.8 24.60 17.0 025 : p ]
475 11072 | 2200 18.7 0.23 Z .
509 | 11031 17.90 221 | 018 0.10 ? -
56.0 1099.3 14.10 272 0.14 0.0 10.0 20.0 30.0 40.0
61.1 1096.8 11.60 32.3 012 Temps corrigé (s)
66.2 1095.3 1010 37.4 010
ho= 97.5 cm 2 n wn Conductivité hydraulique
(Rayon du puits) r= 2,54 cm = ST K= 7.1E-03 cm/s
(Long. crépine) L= 152.4 cm
(Tempsahmo=037)  To= 123 8

8¢



| Temps Pression h Temps cotr. h/ho
() | (cmdeau) | (cm) ©) 1100.0 .
00 | _eme | 30 | %05 | 0018 S 1090.0 *
118 999.9 -0.30 -18.7 000 § 2 1080.0 .
15.2 1000.2 0.00 -153 0.00 S € 1070.0 .
Injection d'eau | S 1060.0 ‘.
| T e | &1 N
Début de l'essal § 1040.0 .
305 1097.1 96.90 0.0 1.00 3 1030.07 i
_--32-2*, 1079'4— 79.20 17 | o0& g 10209 ¥ e
- S e e e S 3 10100 . o
339 1070.7 70.50 3.4 0.73
356 | 1063.6 63.40 51 | o065 10000 =ee
- 0.0 50.0 100.0 150.0 200.0
a7.3 1057.9 57.70 68 0.60
| 390 1053.4 53 20 8.5 055 Temps (s)
| 407 _toae9 | 4970 | 102 051
424 o470 | 4680 119 048 1.00
| 441 | 10446 | 4440 | 136 | 046 e
458 | 10426 42.40 153 | 044 :
475 | 10409 | 4070 | = 170 0.42 i ! ~2 Py .
492 10394 | 3920 | 187 0.40 g 037 L TS | '
509 | 10380 | 3780 | 204 | 039 T
| 594 1032.6 32.40 28.9 0.33 S
78 1 1025.2 25.00 47.6 0.26
105.3 1018.3 18.10 74.8 0.19 | 0.10 -
'125".7 ";01‘4‘;— 14.70 95.2 015 0.0 5.0 10.0 15.0 20.0 25.0 30.0
188.6 1010.3 10.10 158.1 0.10 Temps corrigé (s)
ho= 96.9 cm
(Rayon du puits) r= 2.54 cm 2 In L/ Conductivité hydraulique
(Long. crépine) L= 152.4 cm K= T 2lTo K= 5.5E-03 cm/s
(Temps & h/ho = 0,37) To= 15.8 s |
Figure 12. Essai de perméabilité & niveau descendant, Puits P8b
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APPENDIX 3.

Table of d,, and hydraulic conductivity calculated from grain-size curves

Sample no. d,e Hydraulic
{(depth in feet) (mm) conductivity (m/s)
P-1 (5-10) 8.90x 10? | 7.92x 10°
P-1 (20-25) 6.50x 102 | 423 x 10°
P-1 (40-45) 1.04x 10" | 108x10*
P-2 (22.5-25) 270x 107 | 7.29x 10°®
P-2 (40-45) 9.60x 102 | 9.22x 107
P-3 (15-20) 7.60 x 102 | 5.78 x 10°
P-3 (40-45) 270x10% | 729x 10°
P-4 (5-10) 9.90x 10% | 980x 107
P-4 (25-30) 570x10% | 3.25%10°
P-4 (40-45) 1.07x 10" | 1.14x 10*
P-5 (10-15) 8.90x10% | 7.92x10°
P-5(25-30) 8.00x 102 | 6.40x 10°
P-5 (40-45) 140%10% | 1.96x 10°
P-6 (5-10) 1.02x 10" | 1.04x10*
P-6 (25-30) 1.00x10? | 1.00x 10°
P-6 (30-35) 7.40 x 102 | 5.48x 107
P-7 (15-20) 1.30x 102 | 1.69x 10°
P-7 (25-30) 1.04x 10" | 1.08x 10"
P-8 (15-20) 8.00 x 10° | 6.40 x 107
P-8 (25-30) 580x10?% | 3.36x 107
Mean hydraulic conductivity 25x10°
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APPENDIX 4

Records of boreholes
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S N SO B

PROJECT: 9526384

RECORD OF BOREHOLE P1

DAYA INPUT AL

SHEET 1 OF {
LOCATION: Dundum BORING DATE: TUE NOV 1485 DATUM: Geodetia
DiP: SAMPLER HAMMER, kg, OROP, mm
AT
CONCENTRATION HYDRAULIC CONDUCTIVITY
u 3 SOIL PROFILE SAMPLES WS \CENTRATIN @ OOND I
< = 2o
g1 & = P AP E £ 1| S IR INSTALLATIONS
EE ¢ DESCAIPTION < oY Bl a |wATER conTexT, PERCENT
il I s foermi 21518181 Wo v
o 51 @ BlalS ;‘ s B
round Surtace 512.13]
- - 602
SANDY TOPSOIL-thin layer, trace
rootlets, dark brownflight black « oo "
. 1 SAND-ight brown, damp, fine
grained
- 2 - layered grey and brown
- trace Fe staining 2 {DO! [
- 3 |
E s jpo| ler
- 4 - Fo staiming at4 m
- salts
- s
« o] |eo
- Tl § - water at 7.01 m i I
o~
% <
& g —
. gT«g
& 3 s |joo| (s
i I
w
TN |
= 10 ~ trace coal fragments at 10 m L e I
-
¢ oo [es
12 ]
e 13 9 |DO [}
- 14
10 D(T s
- 18 = 496 B9 -
15 24] T
- 16
L 17
3
- 18
- 19
- 2
DEPTH SCALE (ALONG HOLE) LOGGED: AL
1to 100 Golder Assoclates CHECKED:

WARIE
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. . : - "

e Bemd B

| W [ N B W Dy SN

PROJECT: 852-6384

RECORD OF BOREHOLE P2

DATA INPUT AL

SHEET 1 OF 1
LOCATION: Dundum BORING DATE: Wed Nov 15/8% DATUM. Geodefic
DiP: SAMPLER HAMMER, kg; DROP, mm
a SOIL PROFILE SAMPLES GAS CONCENTRATION g [HYDRALLIC onouetviv ] — e =
w g ( ) X omvs '[
é g E § « £ : g N +
T ey w X E 1 ( 1 1 1 3 1
EE’ 2 DESCARIPTION < g & gl¢lalvm O |waTer conTenT PeRcENT
& 5 g [perm 2 § § e ¥ O v
@ Bl m alc|S
o Ground Surtace 51182 ) -
SANDHight brown, frozen to :
0.6 m, damp, fine grained 1 |ool Bartorite
&7 Seat
1 -thin 0.02 m organic layer at
im
2z
2 |Dof |eo
= - o
-Fe staining starts at 366 m
4 -grey at366 m b B o
-moister
5
Jayered at 5.496 1m ‘e
-dark grey sand lense at 5.49m
¢ —
-water at 6 4m
-layered at 6.55m
7 § -thin silt seams and coal seams $ |ooj 100
": < Bertorits
&) § - Seal
] g z -trace coal fragments on free
g 3 water in sample ¢ lool 57
W
' —
10 7 jpo| |97
" :
e oo |as bacihaid
12 “ﬁ
1 N ﬂ % .
| a8 .
1«
17
15
1
17
1
19
20
DEPTH SCALE (ALONG HOLE) LOGGED: AL
1o 100 Golder Assoclates CHECKED:
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1
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14 14 134 1.

1

PROJECT: 9526384

RECORD OF BOREHOLE P3

DATAINPUT AL

SHEET 1 OF 1
LOCATION' Dundum BORING DATE: Wed Nov 15/95 DATUM. Geodebc
DipP. SAMPLER HAMMER kg: DROP, mm
o SOIL PROFILE SAMPLES GAS CONCENTRATION g |KYDRAULIC CONDUCTMITY,
w | ¢ ¢ ko
sal b 5 el2|g
QE g g leev|E|lwlol2|8 IR SO B T S INSTALLATIONS
c2| 2 DESCRIFTION < g & g ‘§‘ Blwe O |WATER CONTENT, PERCENT
u z X OEPTHI 217|813l m wor— aw
-1 5 (m) vlc|S 8
. Ground Surface 51101 ] iﬁﬁ )
000 N )
SAND-light brown, frozen to
0.6 m, damp, fine grained 1 oo 70
- 1
=
- 2
2 oo} v
- 3 L—-
3 fooj |e7
-«
-Fe staning at 4.27m %_.
-small piece of wood at 4 5Tm
- 5
4 ipol |®
] -coarser sand at 5.64 m
;- -layenng at 5 79m —
& § -water at 6 4m _
Wl <
€ .
., ; H s joo| |ss
g }| -black streaking at 7 32m 3
iy [
L o |2
soo| |7
. -0 051 m coal Jayer at 8.84m :v:
- finer sand to depth | 7
-trace coal particles floating on ;| [
free water on samples to depth .
L 0 7 00| |72 -
- 1 1.
e ool oo zofme  [f
- 12 2 N F
[~ 13 9 |00 100 . . t
497 29 N . _ o
. 13 72 R
- 15
- 18
- 17
- 18
- 19
[~ 20
DEPTH SCALE (ALONG HOLE) LOGGED: AL
110 100 Golder Assoclates CHECKED:




DATA INPUT AL

PROJECT: 8326384

RECORD OF BOREHOLE P4

SHEET 1 OF 1
LOCATION. Dundum BORING DATE: Thur Nov 16/85 DATUM: Geodefic
DiP: SAMPLER HAMMER, kg; DROP, mm
p SOIL PROFILE SAMPLES | BAS CONCENTRATION g |HYDRAULC CONDUCTIVITY, — —
g g { ) K cm/s I
(:'; Q g‘ § « & ; 2 1 | Il
i |leev|uwlwle E 1 d 1 1 1 INSTALLATIONS
EE g DESCRIPTION < gis|zlyBlem o |wateR conTenT PERCENT
8 g é JOEPTH, 3 § § @ WPl—-&—d”
2 El a|&|3 A B 3
Qround Surface 5\125& -
;- o T ooof -
SAND-brown, damp, fine gralned 1|oof e
2R
-~ 2
-Fe staining at 2.44m 2 [oof  poo
-finer sand
- s —
-Fe staining at 3.81m 2 jpoj o7
- 4 -salts at 3.96m
black streaking at 3 66 and 4 27m
- 5
«|oo] Jer
. -sand moist at 5 64m
—ma(e‘: at 6 5Sm 6
-black streaks from 6.55 to 1
P S il e I 1
2| -reddish free water at 7 01 to R
£l 7.62m - ¥ K
(.J; . -
] 3 2 K
3 & |DO [ 1
-alternating thin layering -3
. of sand and coal seams 5 »_L
-coarser sand at 8 63 to 8.864m F— -
- 10 ~coal fragments fioating on free Tipo |
water in samples F:dc Sand y
- B i
s joo| |o7 1
- 12 }_‘ :
L s loo| s e
» i |
10/00f |68 L :'
- 405 ool
15 24 - -
- 16
- 17
SIRL
L
-
- 20
DEPTH SCALE (ALONG HOLE) LOGGED" AL
110 100 Golder Associlates CHECKED:




PROJECT: 9526384

RECORD OF BOREHOLE PS§

DATA INPUT AL

SHEET 1 OF 1
LOCATION: Dundum BORING DATE: Fn Nov 24/95 DATUM: Geodetic
Dip: SAMPLER HAMMER, kg; DROP, mm
8 SO PROFILE B SAMPLES | GAS CONCENTRATION ¢ mwmcmwr —— S
w 2 ( } &, omys I
gglt 8 <l 552
L laev|ulw a|E= 4 1 J ! 1 { i 1 INSTALLATIONS
E E g DESCRPTION < “§° 3 § Biilw G |WATER CONTENT, PERCENT
é 3 £ = M § @ [T, Y )
2 £l 8|23 H 8 .
Qround Surtace 511 51 T ) T o
° oo = — _
SAND-light brown, darp, fine grained. : - oo| |77 Sent
1 -dark grey streaks at 1 07m N
-0.08m organic layer at 1.83m
2 -Fe staining 1.98m to 2.59m
2 jool hoo
3 -
Grout
‘ 3 lpo| |90
-black streaks from 4.11m to
457m -
s
4 |DOf [9s
-Jlayered black/brown/grey
€ -0 025m black seam at § 94m ] I
, N -water at 6 71m s ool |so i
g 3 -black streaking from 6 4 to NS
& ENT 62m L Jk
7] Bentorms -k
8 § 3 Seal €
g § & |DO 8s i K
Xl {-layenng of sand and coal seams 4
9 at87m a8
-black streaks at 8 94 m [
-fine grey sand at9 m
(unoxodized)
10 7 DO 75
12.20 Sandt
! ang Stough
1"
s joo] Jer .
1
13 9 |00 98 LL_
;——‘
14
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15
15 24 T B = e -
16
17
18
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DEPTH SCALE (ALONG HOLE) LOGGED: AL
110 100 Golder Assoclates CHECKED:
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DATA INPUT AL

PROJECT: 952-6384 RECORD OF BOREHOLE P6 SHEET 1 OF 1
LOCATION: Dundum BORING DATE: Fri Nov 24/95 DATUM: Geodetic
DIP: SAMPLER HAMMER, kg: OROP, mm
o SOIL PROFILE SAMPLES GAS CONCENTRATION ¢ | HYDRAULIC CONDUCTIVITY, - - - —
w g ( ) X cm/ I
§£’ E § g 5 : 2 A 1 L1
& |eev |E|lwlalz]|E TR B R INSTALLATIONS
EE g DESCRIPTION < DEPTH%‘ & % § Elxe o |waren conTent percent
] T ?_ z ARIE wpir— e wm
@ a1 m Blc)S )
Ground Surlace - 511 42 i N o - - - T
° 6 00 = ==
1 (oo} |70
1 SANDHight brown, damp, fine
grained, uniform
2
2 joo| (e
3 -
3 {DO
L] -Fe staingin from 3 to 4.5m *®
s
4ip0j |4
-water between 5.2 and 6 1m
[ -
ok
5; -water at6 71m s lool oo
7
§§ coal layers and coarser sand -
§ £| rom 7.5 10 7.62m
s tw
s |oo| |ea
] -trace Fe staining from 8 B4 to u
9.14m
1 -trace coal particles fioating on 7 jo0) (%0
free water on sample 12-20 Frac
- Sand
1
s DO [}
12 :
BE
13 9 {DO [
14 1372{ - - _ .
15
16
17
13
- 19
- 20

DEPTH SCALE (ALONG HOLE)
1t 100

LOGGED: AL

CHECKED:
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RECORD OF BOREHOLE P7

DATA INPUT AL

PROJECT: 952-6384 SHEET 1 OF {
LOCATION. Dundumn  BORING OATE: Sat Nov 25/35 ) . DATUM: Geodetic -
DIP: SAMPLEA HAMMER,  kg: DROP,
o SOIL PROFILE SAMPLES | GAS CONCENTRATION g |YDRAULI GONDUGTITY, E—
w o] « KemA I
5;‘3 E '6 E|#i1¢
o ) 2 &laev|S|wle|E|Eb—vt 1 | T SRR T INSTALLATIONS
gtiz ] DESCRIPTION < 2 E S 5 < EXT-8 O |WATER CONTENT. PERCENT]
& z 3 permd 2| T1818 DA
2 El o 223 A 8
Ground Surface 510 27] T T
- 0 K Y S — e
o 1o s Sgem
- 1 SAND-light brown, damp, fine iy
g’a"nod s Croct
-Fe staining from 1.22 to 1.37m a5
- 2 -black streak at 1.37m o 2
- 2 joo| |ss 1
- 2 "' -
. C |sfoo| les
-water at 4.27m :
E. z§ N b
g g 4 DO & :. g
8] 3| -unoxodized at 5.64m 28
3 | B| -black streaks at 5.49m and 5.79m Slough f
¢ sg -Fe staining at 5.79m — 3y
L 7 5 (DO 12 g.l.:ru‘\. h} I..
s ¥
L . o a3
e {oof [s2 1220Fac |- |-
3 o -1
L 10 : 7 {00 74 ..:.L::
-+ ) ug 00
10.67] _—
= 11
b 12
- 13
b 14
b= 15
- 18
- 17
= 13
-~ 12
~ 20

OEPTH SCALE (ALONG HOLE)
1% 100

Golder Assoclates

LOGGED: AL
CHECKED:
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PROJEQT T §52-6384

OATA INPUT- AL

- RECORD OF BOREHOLE P8 SHEET 1 OF { e
LOCATION: Dundum ©., 'BORING DATE: SatNov2585 DATUM: Geodetic *
o T ' SAMPLERHAMMER  kg;DROP, ~_ imm
GAS CONCENTRATION @ |HYDRAULUIC CONDUCTMITY . B
y § SOIL PROFILE SAMPLES j ) [ ] K ot I
< 5 ®
geg‘ ngWEEE PRI R INSTALLATIONS
g DESCRIFTION < gsgggxua. ) [*ATER CONTENT, PERCENT
§ X [oEFTHE 2 o8l o H a
El €13 o
Ground Surtace 509 ]
- ° T aod
1joof [e
b~ 1 SAND-ight brown, damp, fine
gralned, Fe stained,
~decreasing Fe staining with F—
- 2
2 ool |s2
- 3 —
3lool |s2
. 4
“water at 4.57m —
L
?E Hayering at 4 88m s ool e y
- o E% — .
x . o
s ool [ b
L. 7 ax
12-20 Frag X N
n » 1
- s -coal specks on free water from N E
samples ¢ |00 [0l ¥
o 0
. o 7 b0l hoo
<68 3]
1067
- 11
= 12
L 13
P~ 4
- 15
I~ 16
= 17
- 18
- 10
- 20
DEPTH SCALE (ALONG HOLE) LOGGED: AL
110 100 Golder Associates CHECKED:




APPENDIX 5.

TNT, RDX and HMX analysis in soil samples
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FORAGE DURDUN AUTOMNE 1995

o RDX

ECHANTILLON] * . . Ny | Hx

precH | 8380 | ‘DrEcw | 8asw | saas
P15-10 LOW (352) - |Low(s14) !
P110-15 Lows48) | nd_ |owoz) | nd 04
P115-20 LOW (327) - |Low (s . :
P1 20-25 LOW (360) nd  |Low (320) nd nd
P125-30 LOW (347) - lLow (307) ! :
P1 30-35 LOW (361) nd  [Low (245) 0.3 nd

1%  (247)

P1 35-40 LOW (354) - |Low (pag) ;
P140-45 LOW (336) - lLow (a7 ; ;
P1 45-50 LOW (336) nd |2% (243) 02 nd
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FORAGE DURDUN AUTOMNE 1995

. ROX

ECRANTILLON]. LN AN Hex
0 1 pyecHd |-sasm | DYECH | amo | s
P2 0-5 LOW (351) nd 3% (236) nd nd
2% (230)
P2 5-10 LOW (350) - |Low @260) ] :
P2 10-15 LOW (351) nd LOW (246) nd nd
P2 15-20 LOW (336) - 1% @s1) ; ;
P220-22.5 LOW (347) nd  |1% (233) nd nd
P2 22.5-25 LOW (349) nd  [LOW (251) nd nd
LOW (241)
P2 25-27'8"  |LOW (346) - |Low (286) ! ]
P2 25.30 LOW (360) nd  |3% (o76) nd nd
P2 30-35 LOW (372) - |Low (293) . ]
P2 35-40 LOW (381) nd 3% (230) 04 nd
P2 40-45 LOW (360) - |Low (320) ) ;
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FORAGE DURDUN AUTOMNE 1995

BOHANTILON | - omex L 10 e o emxe >3
-1 preed | #sac ] DTECR |-s3s0 | a3

P30-5 LOW (350) nd |LOW (248) nd nd
P35-10 LOW - LOW -

P3 10-15 LOW (375) nd |[LOW (262) nd nd

LOW (352) LOW (249)

P3 15-20 LOW (357) - |2%  (e49 - .
P3 20-25 LOW (358) nd LOW (254) nd nd
P325-30 LOW (362) - LOW (250) - -
P3 30-35 LOW (366) nd LOW (254) nd nd
P3 35-40 LOW (357) . 1%  (242) . ;
P3 40-45 LOW (343) nd |LOW (250) nd nd
P3 45-50 LOW (346) - 8% (248) - -




FORAGE DURDUN AUTOMNE 1985

ECHANTILLON | 7 moX - | “'anr- | hHax
oot | preck | e | bTECH | e330 | sazw
P4 0-5 Low@si) | nd  |Low(es4 | nd nd
P4 5-10 LOW (352) . |Low (247)
P4 10-15 LOW (350) nd LOW (252) nd nd
P4 15-20 LOW (362) - |Low a1y : ;
P4 20-25 LOW (365) nd LOW (247) nd nd
P4 25-30 LOW (362) LOW (249) -
P4 30-35 Lowss) | nd 1% (02) | 1.0 04
P4 35-40 LOW (355) - |Low 17 - ;
P4 40-45 LOW (343) 1,3 3% (243) 0,8 nd
P4 45-50 LOW (345) - 1% (o1 - ;
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FORAGE DURDUN AUTOMNE 1995

55

ECHANTILLON |:©.  ~ RDX L TNEL HMX
" .| preca. | ssac | . DrecH” | ssae | asso
P5 0-5 LOW (335) nd [5% (231) nd nd
P55-10 LOW (339) - 1% (220) - -
P5 10-15 LOW (341) nd LOW (246) nd nd
P5 15-20 LOW (326) - LOW (259) - -
P5 20-25 LOW (278) nd  |1% (231) nd nd
P5 25-30 LOW (300) - LOW (246) - .
P5 30-35 LOW (273) nd LOW (252) nd nd
P5 35-40 LOW (320) - LOW (276) - -
P5 40-45 LOW (388) nd  |LOW (241) nd nd
P5 45-50 LOW (388) - LOW (243) - -




FORAGE DURDUN AUTOMNE 1985

ECHANTILLON'] - RoX Cooomre T ] e

i pTECH | ssse | DTECH | sso |- &3m0
P6 0-5 LOW (367) nd  |LOW (267) nd nd
P6 5-10 LOW (386) 5% (243) - ;
P6 10-15 LOW (352) nd |LOW (279) nd nd
P6 15-20 LOW (349) - 6% (250) - -
P6 20-25 LOW (334) nd LOW (241) nd nd
P6 25-30 LOW (334) - 2% (234) - -
P6 30-35 LOW (351) nd 4% (238) nd nd
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FORAGE DURDUN AUTOMNE 1995

CECHANTILLON {0 JRpX NG D
' | precd | s | precH | essh .| sam
P7A 0-5 Low@sg) | nd  |LOW(220) | nd nd
P7A 5-10 LOW (351) - le% (o28) : :
P7A 10-15 low@sa) | nd  |Low(ese) | nd nd
P7A 15-20 LOW (360) - law (ean - .
P7A 20-25 Low@ss) | nd_ |Low(eez) | nd nd
P7A 25-30 LOW (353) - |Low (2e1) i
P7A 30-35 Low@47) | nd_ |Low(341) | nd nd
ECHANTHLON | 5L RDX "7 "1 " "+ INT. .5 | Hmx.
© - Foreon- | “saso ‘I DTECH | 8asp | gaso
P8B 5-10 Low@r2) | nd 1% (248) | nd nd
P8B 15-20 LOW (362) - LOW (250) -
P88 25-30 LOW (403) nd |o% (045) nd nd
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APPENDIX 6

TNT, RDX and HMX analysis in groundwater samples
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96/09/20

RESULTATS D'ANALYSES DES ECHANTILLONS D’EAU SOUTERRAINE

59

ECHANTILLONS DATE [RDX] [TNT) {HMX]
ppb £ 0,2 ppb + 0,2 ppb + 0,2

P1A nov-95 53 2 <03
P1A avr-96 49 <0,3 <0,3
P1B nov-85 51 <0,3 22
P1B avr-96 3,6 <0,3 <0,3
P2A nov-85 08 1,6 <0,3
P2A avr-96 05 <0,3 <0,3
P2B nov-95 1.7 <0,3 <0,3
P2B avr-96 <0,3 <03 <0,3
P3A nov-95 56 <0,3 57
P3A avr-96 34 <0,3 2.9
P3B nov-95 77,9 2,7 0.9
P3B avr-96 120,8 1,9 0,9
P4A nov-95 28 <0,3 1.1
P4A avr-96 2,0 <0,3 1,1
P4B nov-95 58 <0,3 <0,3
P4B avr-96 3,0 <0,3 <0,3
P5SA nov-95 1.4 <03 <0,3
P5A avr-96 0,9 <0,3 <0,3
P5B nov-95 non échant. lnon échant. |non échant.
P5B avr-96 <0,3 <0,3 <0,3
P6A nov-95 1,3 <0,3 <0,3
P6A avr-96 <0,3 <0,3 <0,3
PeB nov-95 2,0 2.4 <0,3
PeB avr-96 <0,3 <0,3 <0,3
P7A nov-95 <0,3 <0,3 <0,3
P7A avr-96 <0,3 <0,3 <0,3
P7B nov-95 1.8 <0,3 1.2
P78 avr-96 <0,3 <0,3 <0,3
P8A nov-85 <0,3 <0,3 <0,3
P8A avr-96 <0,3 <0,3 <0,3
P8B nov-95 <0,3 <0,3 <0,3
raB avr-96 <0,3 <0,3 <0,3
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