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1. Introduction 

Defence Research Establishment Valcartier mandated INRS-Georessources to supervise a 
preliminary characterization study of the explosive burning site at CF AD Dun durn, 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 CF AD Dundu~ 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-Georessources, Golder Associates Ltd. employees, National Defence scientists 
from Valcartier and members of the CF AD Dun dum were involved in field characterization 
activities. Drilling and observation well installation were achieved by Golder Associates Ltd. under 
the supervision of INRS-Georessources members (Golder Associates Ltd., 1995). INRS­
Georessources 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 CF AD Dun dum 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, Quebec. 

3. Location and geology 

The CF AD 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 Dundum 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 (d50) which 
varies between 40 11m to 70 11m corresponding to a very fine sand; and 2) a well sorted fine sand (d50 

between 100 Jlm and 150!-lm) 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 ofmagnitude i.e. from 1.7 x 
10-s to 1.0 x 104 rn/s which is usual in stratified sediments (Appendix 2). The geometric mean 
hydraulic conductivity (5.0 x 10-s rn/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 
(dlO) obtained from the grain-size curve (Hazen relation in Freeze and Cherry (1979)). The 
estimated average permeability (2.5 x w-s rn/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 rn/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 rn/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= Kiln 

where v is the mean groundwater velocity 
K is the hydraulic conductivity rn/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. 



3 

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 

RD X (hexahydro-1 ,3, 5-trinitro-1 ,3 ,5-triazine) and TNT (2, 4, 6-trinitrotoluene) concentrations in soils 
were detennined 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 of0.6 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 mglkg (ppm). RDX., HMX and TNT 
concentrations in groundwater were determined by HPLC with a :MDL of0.2 11g/L (ppb). 
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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 TNT concentration RDX concentration HMX concentration 
guideline in groundwater in groundwater in groundwater 

(Jlg/L~ (Jlg/L) (Jlg/L) 

2.o•> 0.3c) no data available 
5.ob> 

•> IRIS data bank (revised standard in 1993) 
b) Environment Ontario, 1989 (Emergency limit for long-term consumption) 
c> Me 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 of2 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 up gradient 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 ofRDX 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 ofthe shallow well ofP-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 oflTh1X 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 Dundum 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 Knezevich (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. Trepanier, 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 10-6 
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 10-4 is more likely to represent the level of risk 
applied and allowed in our society. U.S. EPA., American policy agencies and Quebec ministry of 
environment are proposing and evaluating the possibility to use 1 0-4 or 1 o-s as potentially acceptable 
level of risk in environmental criteria calculation (U.S. EPA, 1991). For a 10-4levels of risk, soil 
criteria of0.24 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 10-4level 
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 JTh.1X is not classifiable as a human 
carcinogen. 

Trepanier 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 Trepanier and Ayotte 
(1991), corresponds to the selected criteria by Daniels and Knezevich (1994). 

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

Potentially acceptable TNT RDX JTh.1X 
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 

10-6 excess cancer risk 0.0024 0.00035 n/a 

10-4 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 
(Trepanier 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 
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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, 3 5-40, 
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 1 3 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 Dundurn 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 ofthe 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 Iysimeters 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 Dun durn 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-s rnls. The water table is located 6 m deep. Groundwater flows from east to 
west with a mean velocity of 3 rnlyear. 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. 

HMX 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. 

TNT 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 HPLC 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 succi on 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 1 5-20) 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. 
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APPENDIX2. 

Slug test data and hydraulic conductivity in wells 

Hydraulic conductivity calculated by slug test in wells 

WELL Hydraulic 
NUMBER conductivity 

(m/s) 

P-IA 7.7 X 10"5 

P-2A 6.2 X 10"5 

P-3A 1.7 X 10"5 

P-4A 8.1 X 10"5 

P-4B 9.7 x 10"5 

P-SA 2.6 X 10.{) 

P-5B 7.5 X 10"5 

P-6A 1.5 X 10-4 

P-6B 4.9 X 10"5 

P-7A 1.0 X 10-4 

P-8A 7.1 X 10·S 

P-8B 5 5 x 10·5 

Mean hydraulic 5.0 X 10"5 

conductivity 



Temps Pression h Temps eorr. h/ho 

(s) (em d'eau) (em) (s) 

0.0 1183.6 -0.10 -23.8 0.00 

1.7 1183.7 0.00 -22.1 0.00 

3 4 1183.7 0.00 ·20.4 0.00 
() 

__ 5.!__e-_1_!83.7_f--9~~0_ -18.7 0.00 
cf 

6.8 1183.7 000 -170 0.00 
r-· .... 

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 -11 9 0.00 

---~ 1183.7 0.00 -10.2 0.0~-

-- ____________ _!nf~ction ~·eau_______ _ __ ___ _ 

15.3 1185.6 1.90 -8.5 0.0~-

17.0 1170.7 -13.00 -6.8 -0.15 

18.7 1145.5 -3820 -5.1 -0.45 

_?Q.._'!.__ _1_201.Q __ 17.3Q -- __ -3.4 __ - ___ 9.:..~-

22.1 1247.9 ___ __64.2_0 ___ L •1,7 0.75 

Debut de.:..l'-=-es"-sa,,:-;--1 --------+----
23.8 1268 9 85.20 0.0 1.00 

~- 1260.3 76.60 1.7 0:~ 

- 27.2 125_QZ__ 67.00 3.4 0.79 

28.9 1242.6 58.90 5.1 0.69 
- -- - - --- --- . - - - --

30.6 1235.3 51.60 6.8 0.61 
--- - ~- ~----------~- ------- -----------------
f-- 3_?.:~- 1229.1 45.4~-----~·5 _____ .Q.~=!-
1 34.0 1223.4 39 70 10.2 0.47 
I --

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 0 32 

40.8 1208.4 24.70 17 0 0.29 

42.5 1206.0 22.30 18.7 0.26 

44.2 1204 0 20.30 20.4 0.24 

45.9- 1g<J2.~ _ ____1_!l._60_,__ 22.1 0.22 

ho= 85.2 em 

(Rayon du puits) r= 2.54 em 

(Long. crepine) L= 152.4 em 

(Temps a hlho = 0,37) To= 14.0 s 
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Temps Pression h Temps corr. hlho 

(s) (em d'eau) (em) {s) 

0.0 1190.3 ·0.10 -23.8 0.00 

1.7 1190.6 0.20 -22.1 0.00 

5.1 1190.5 0.10 -18.7 0 00 

6.8 1190 5 0.10 -17.0 0.00 

10.2 1190.3 ·0.10 -13.6 0 00 
----

Injection d'eau 

13.6 1190.4 0.00 -10 2 0 00 

() ..-.. 1320.0 
~ :J 
fr Ill 

iil ~ 1300.0 
g: 
::J E 

~ 1280.0 
c: 
·~ 1260.0 
Cf) 
Ql 
0. 1240.0 

..... ... • ·- .It ·-• • •• ~ ... 
15.3 1183 5 ·6.90 -8.5 -006 

1- 17.0 1258.1 67.70 -6.8 0.61 

18.7 1298.8 108.40 -5.1 0.98 

20.4 1302.4 112.00 -3.4 1.01 

Ql 
"C 
Cf) 1220.0 
~ 
-§ 1200.0 
Ql 

•• ··-
..... 

22.1 1300.6 110.20 -1.7 ~_00 _J 1180.0 • -- -

Debut 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 

27.2 1295.1 104.70 3.4 0.95 
Temps (s) 

30.6 1287.1 96.70 6.8 0.87 

34.0 1280.6 90.20 10.2 0 82 

37.4 1274.9 84.50 13 6 0 76 

40.8 1270.6 8020 170 0.73 1.00 • 1., I I I I I 1 I I I l l I I I I I I I I I I I I I I I I I I I 1 

44.2 1264.1 73.70 20.4 0.67 

47.6 1260.0 69.60 23.8 0.63 

51.0 1257.8 67.40 27.2 0.61 fll • !• 

54.4 1252.6 62.20 30 6 0.56 

57.8 1250.2 59.80 34.0 0.54 

61.2 1249.1 58.70 37.4 0.53 

I• 
• !}.37 

~ It 

" 64.6 1247.2 56.80 40.8 0.51 

68.0 1243.1 52.70 44.2 0.48 

71.4 1240.9 50.50 47.6 0.46 ! 
- --

74.8 1230.1 39.70 51.0 -- _!).36 : 

78.2 1226.1 35.70 544 --
I 

_Q:_~L_ 

- _8_1~- 1224.0 33.60 --- 57.8 ____ -0.30 -------- -----
10.0 20.0 30.0 40.0 50.0 

0.10 I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

0.0 70.0 60.0 

85.0 1222.3 31.90 61 2 0.29 
------ -- - --- ----- Temps corrige (s) 

88.4 12_~0-=-~--L__ 30.20 --~~:~- ---- _Q.27 ·-

~- (R•yoo d" P"l~) 
2 

ho:::: 110.6 c1 r In (Ur) Conductivite hydraulique 

r:::: 2.54 em K:::: K= 1.7E-03 cm/s 2*L*To _j w 
(Long. crepine) L= 152.4 

~m ---
0 

- (Temps a h/ho = 0,37) " To= 50.5 
- ----
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Temps Pression h Temps corr. hlho 

(s) (em d'eau) (em) __ (s) ____ 
----- ___ _____!._ 

~·- _ __:_ _ -------

0.0 1592.3 0.00 ·20.4 0 00 

1.7 1592.3 0.00 -18.7 0.00 . 

34 1592.4 0.10 -17.0 0 00 

51 1592.5 0.20 -15.3 o_oo 
6_8 1592.6 0.30 -13.6 000 ----
85 1592.6 0.30 -11.9 0.00 

____!Q:_2 1592 7 0.40 -10.2 0.00 

11.9 1592.8 0.50 -8.5 0 00 

13.6 1592.8 0.50 -6.8 0.00 

InJection d'eau 

15.3 __ 1§J3.1_ 0 80 -5.1 O.Q1 
-~~- ---
~7.0 15983 6.00 -3.4 0.05 

18.7 1666.7 74.40 -1.7 0.60 

D~but de l'essa1 

20.4 
1---

1716.0 123.70 0.0 1 00 

22.1 1686.0 93.70 1.7 0.76 

23.8 1668.5 76.20 3.4 0 62 
-- - ------ ------

25.5 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 

30.6 1632.3 40.00 10.2 032 
- ---- - -- - --- -- -- --- - - --- -

32.3 1627.1 34.80 11.9 0.28 
- - --- I 

34.0 _1_!5~2~- 30.50 13 6 025 ' 

---- ------
35.7 1619 4 27.10 15 3 0.22 

37.4 1616.5 24.20 17 0 0.20 
---l .... ho= 1237 cml 

{Rayon du pUits) r= 2.54 em 

{Long. creplne) L= 152.4 em 

__ (T_emps a hlho = o.~r) ___ _To= 10.7 s 
---------
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Temps Pression h Temps eorr. 

(s) (em d'eau) (em) (s) 

0.0 1035 3 -98.40 -13.6 

34 1035.3 -98.40 -10.2 
-

5.1 1035.3 -98 40 -8.5 

85 1035 6 :98.10 -5.1 

Injection d'eau 

10.2 1038.7 -95.00 -3.4 

11 9 1111.1 .L-22.60 -1.7 
- ---- -------- ------- - ---------

Debut de l'essal 
-------- --------- - -----------

13.6 1133.7 98.40 0.0 
--- --------!----------

15.3 1118 6 83.30 1.7 

17.0 1102.3 67.00 3.4 

18.7 1090.6 55.30 5.1 

20.4 1080 2 44.90 6.8 
-- ---

22.1 1072.0 36.70 8.5 
----- -- ---------

23.8 1065.6 30.30 10.2 
- ---- ------- ------ --- -·- ---------

25.5 1060.5 25.20 !----~.:.~--- -- ---- --------
27.2 1057.1 21 80 13.6 

-

28.9 1054.3 19.00 __ L-., 15.3 

ho= 98.4 

(Rayon du pUits) r= 2.54 

(Long. creplne) L= 152.4 

(Temps a hlho = 0,37) To= 9.0 
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r--· 

Temps Pression h Temps c:__orr:__ __ h/ho 
-------

(s) (em d'eau) (em) (s) ---
0.0 1447.5 0.00 -34.0 0.00 

51 1447.3 -0.20 -28.9 -O.D1 
----- ------- --~- ---~- ----~--- ----

11 9 1447 5 0 00 -22.1 0.00 
------------ L.__ __ ---f-----

Injection d'eau --- - - - --- - -- -- --· __ ,.____ - - ---

15.3 1447.9 0.40 -18.7 0 01 
- -- -- - --

17.0 1451.1 3.60 -17.0 0.11 

18.7 1464.4 16.90 -15.3 050 
------ --------- -----

23.8 1478.9 31.40 -10.2 0.93 

28.9 1481 0 33 50 -5.1 0.99 

30.6 1481.2 33.70 ·3.4 1.00 

Debut de l'essal 
----- -- ----- ---------- f--------

34.0 1481.3 33.80 0.0 1.00 
-- ---- - -- -- ------------ ~---

35.7 1481.1 33.60 1.7 0.99 

40.8 1480.6 33.10 6.8 0.98 

49.3 1479.6 32.10 15.3 0 95 
-- --

54.4 1478.8 31.30 20.4 093 
- -- --- - ---- --- -- --------- -

56.1 1478.4 30.90 22.1 0.91 

83.3 1475.9 28.40 49.3 0.84 

88.4 1475.3 27.80 54.4 0.82 
- - --- ----------------------

95.2 1474.7 27 20 61.2 0.80 
-- ~------ ---- ------ -- --- ·--

105.4 14741 26.60 71.4 0.79 
- ---- ---- - --- - --- -------- --------

130.9 1472.4 24 90 96.9 074 
- -- . ----- ·- -- --- -

136.0 1471.5 24.00 102.0 0.71 

149.6 1470.9 23 40 115.6 0.69 
------- ------- --f------ ---- -------

164.9 1469.9 22.40 130.9 0.66 
-------- ------- --------- ----------- ---- --- ---

I 
181.9 1469.0 21.50 147.9 0.64 

200.6 1468 2 20.70 166.6 0.61 
-----'-- -----

ho= 33.8 em 

(Rayon du puits) r"' 2.5 em 

(long. creplne) L= 152.4 em 

_ __0'_e~p_s a hlho::_0,37) To= 329.6 s 
--- --- ----- ----
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---- --- -~- - --- -- - -- --- --- ------

Temps Pression h :!:_emps eorr. h/ho 
!--- -- -~ ------- !---- ---

__ <~t- __ {em d'eau) {em) {s) 
-----

00 1016.1 -0.40 ·28.9 0.00 
---

6.8 1016.5 0.00 -22.1 0.00 

10.2 1016.9 0.40 -18.7 0.00 
- - -- - -------- - -- ------ --- ------- .. 

13.6 1017.2 0.70 -15.3 0 01 

-
lnject1on d'eau 

f----- --------- -------- ------------
22.1 1018.1 1.60 -6.8 0 02 

-----1---· ,..------

23.8 1020.9 4.40 -5.1 0.05 
--

25.5 1055.3 38.80 -3.4 0.43 

27.2 1103.8 87.30 -1.7 0.97 

Debut de l'essa1 

28.9 1106.2 89.70 0.0 1.00 
-. -- . -- --------- --- .. 

306 1088.5 72.00 1.7 0.80 
----

323 1073.5 57.00 3.4 0.64 
!--·· 

34.0 1064.4 47.90 5.1 0 53 
---- -- ----- --- -- -- ---- --- ------~ ---- .. 

35.7 1057.5 41.00 6.8 0.46 
-- - -

37.4 1051.7 35.20 8.5 0.39 
-

39.1 1046.9 30.40 10.2 034 

40.8 1043.0 26.50 11.9 0.30 i 

42.5 1040.0 23.50 13.6 0.26 
------~-e--·----!------- -

442 1037.7 21.20 15.3 0.24 
. ----- - --------- -- -- - ---

45.9 1035.8 19.30 17.0 0.22 

47.6 1034.2 17.70 18.7 0.20 

493 1033.0 16.50 20.4 0.18 
-- -------- ------- -------- --- ---------

51.0 1032.0 15.50 22.1 0.17 
---

57.8 1029.6 13.10 28.9 0.15 

61.2 1028 8 12.30 32.3 0.14 

68.0 1028.2 11.70 39.1 0.13 
·- -·- -- --------

ho= 89.7 em 

(Rayon du pUits) r= 2.54 em 

(Long. creplne) L= 152.4 em 

(Temps a h/ho = 0,37) To= 11.609 s 
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Temps Pression h Temps eorr. h/ho 
f--

(s) (em d'eau) (em) (s) 

0.0 1431.4 0.00 -15.3 0.00 
(") 

1.7 1431.4 0.00 -13.6 0.00 
d 

3.4 1431 3 -0.10 -11.9 0.00 ~ 
5.1 1431.4 0.00 -10.2 0.00 

6.8 1431.4 0 00 -8.5 0.00 

Injection d'eau 

8.5 1435.7 4.30 -6.8 0.12 
f---- ---- -- -------r---

10 2 1450.0 18.60 -5.1 0.53 

1, .9 1460.3 28.90 -3.4 0.82 

13.6 1465.3 33.90 -1.7 0 97 

Debut de l'essa1 
----- ----- ------..----------- ---
15.3 1466.5 3510 0.0 1.00 

17.0 1458 0 26.60 1.7 0.76 
- --- -- ------- ----- ----- - ---- -----

18.7 1450.7 19.30 3.4 0.55 
- -- - ---- --- --- - - --

20.4 1445.3 13.90 5.1 0 40 

22.1 1441.7 10.30 6.8 0.29 
---

23.8 1439.1 770 8.5 0.22 
--- ------ --- - . --- -1------- -- -- ----

25.5 1437.2 5.80 10.2 0.17 
------- --- --------- f--- --1---------- - - ----

27.2 1435.6 4.20 11.9 0.12 
1---- -----1------ ---

28 9 1434.6 3.20 13.6 0.09 
--- -- --- - - - ~-- -- - - - . --

. ----~ ho= 35.1 em 

(Rayon du purls) r= 2.54 em 

(Long. crepine) L= 152.4 em 

(Temps a h/ho = 0,37) To= 5.6 s 
I 

- 1470.0 
:J 

_m 1465.o 
"0 

.[ 1460.0 

§ 1455.0 
'iii 
~ 1450.0 .... 
a. 
Ill 1445.0 
"0 

~ 1440.0 .... 
:J 
u 
Ill 

..J 

1435.0 

1430.0 
0.0 

1.00 

0 
-E 0,37 
..r:: 

0.10 
0.0 

• 

2 
r In (L!r) 

K= 
2*L*To 

• 
5.0 

• 

.. 

• 
• ---~-

10.0 

• 

5.0 

- ~ 

• 

---1 --

15.0 

Temps 

• 

• 

• • • ·--
20.0 25.0 30.0 

• 
• 

10.0 15.0 

Temps corrige (s) 

Conductivite hydraulique 

K= 1.5E-02 cm/s 

Figure !l. Es:Jtli de perm6abilite a nivunu dtwcelldnnt, puit.:J P6ct 
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Temps Pression h Temps eorr. 

(s) (em d'eau) (em) (s) 

0.0 1012.1 -39.60 -15.3 

5.1 1011.2 -40.50 -10.2 

8.5 1010.9 -40.80 -6 8 

ln1ect1on d'eau 

10.2 1013.2 -38.50 -5.1 
--· ~-- ----- --·--

11.9 1035.3 -16.40 -3.4 
-~_:__ f---

13.6 1051.7 40.50 -1.7 

Debut de l'essal 

15.3 1061.1 49.90 0.0 

17.0 1056.9 45.70 1.7 
-~---- ------

18.7 1052.6 41.40 34 
----- --- ----------

20.4 1048.6 37.40 5.1 
--~--f-~ 

22.1 1045.0 33.80 6.8 

23 8 1041.8 30.60 8.5 

25.5 1039.1 27.90 10 2 

27.2 1036 6 25.40 11.9 

28 9 1034.3 2310 13.6 
~ - ~ - ---- ~ ---- ---- - - ~ -- -- -~ -- ---

30.6 1032.3 21.10 15 3 

32.3 1030.3 19 10 17.0 

34.0 1028 6 17 40 18.7 

35.7 1027.1 15 90 20 4 
1---~---- 1---------~--~ 

_____ __:__ 

37.4 1025.7 14.50 22.1 
---.----------- --- --- ----------

39.1 1024.4 13.20 23.8 
-- - ---- ---------- - - --- -- -- --- ----- ~--

408 1023 1 11.90 255 
---

42.5 1022.0 10.80 27.2 ------
44.2 1021.0 9.80 28.9 

45.9 1020.0 8.80 30.6 

ho== 49.9 

(Rayon du puits) r= 2.54 

(Long. creplne) L= 152.4 

(TAmrs ll h/ho = 0,37) To= 17.7 

h/ho I 
I 

-0.79 
() 
!!!.. 
0' 

-0.81 a a· 
-0.82 :;:, 

-0.77 I 
1-------

-0 33 

0.81 

1.00 

0.92 -
0.83 

----~-· 

0.75 

0.68 I 
0.61 

0.56 

0 51 I 

0.46 I 
-- - ----

042 

0.38 

0.35 I 

0.32 

.. ::: __ 

0.24 --
0.22 -----
0.20 

018 

em 

em 

em 

s 

~ 1070.0 
:::l 
t1l 

~ 1060.0 
E 
0 

-;:;- 1050.0 
0 
'iii :g 1040.0 
0.. 
~ 1030.0 
(/) 
Q) .... 
.2 1020.0 
0 
Ql 
_J 

1010.0 • 
0.0 

1.00 I I 
I• 

II 

.E 0,37 

..r::. 

0.10 
0.0 5.0 

2 
In (L/r) K= r 

2'*L'*To 

• • 
• • 

• • -. • ··--••• • ••• 

• ~-

10.0 20.0 30.0 40.0 50.0 

Temps (s} 

I I 

~ 

• 
I:• • 

I 

• ~ 
I 

I ..... 

10.0 15.0 20.0 25.0 30.0 

Temps (s} 

Conductivite hydraulique 

K= 4.9E-03 cm/s 

Figure 9. Essai de permeabilite a niveau descendant, puits 6b 
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Temps Pression h Temps eorr. h/ho 

(s) (em d'eau) (em) (s) 

00 1294.4 68.40 ·23.8 0.61 

1.7 1295.0 6900 ·22.1 0.61 

6.8 1294.9 68.90 -17.0 0 61 

10 2 1294.6 68.60 -6.8 0.61 

Injection d'eau 

13.6 1276.9 50.90 -3.4 0.45 

15 3 1312.5 86.50 -1.7 0.77 

Debut de l'essal 

17 0 1338.3 112.30 0.0 1 00 

18.7 1318.9 92.90 1.7 0.83 

20.4 1299.7 73.70 3.4 0.66 

22.1 1284.6 58.60 5.1 0.52 

23 8 1270.4 44.40 68 0.40 

25.5 1261.3 35.30 8.5 0.31 

27.2 1254.5 28.50 10.2 0.25 

28.9 1249.5 23.50 11.9 0.21 

30.6 1247.3 21.30 13.6 0.19 

32.3 1242.8 16.80 15.3 0.15 

34.0 1241.3 15.30 17.0 0.14 

35.7 1238.8 12.80 18.7 0.11 

37.4 1236.4 10.40 204 0.09 

39.1 1234.2 8.20 22.1 0.07 I 
-·--- -- -------- ---- ~-~------ -·-

40.8 1233.0 7.00 23.8 0.06 

42 5 1231.7 5 70 25.5 0.05 
--- -·--- --------~ - -.---

ho:::: 112.3 em 

(Rayon du pu1ts) r:::: 
2.54 em .J 

(Long. cr~plne) L:::: 
1:~t . _;:_ (Temps a h/ho = 0,37) To::: 

- --------- - ------------

0 
e?.. o-
~ 
0 :::s 

~ 1340.0 
:::s 
Ill 

~ 1320.0 
E 
0 
~ 1300.0 
0 

"Cij 
~ 1280.0 
a. 

{g 1260.0 
Cl) 
Q) 

~ 1240.0 
0 
Q) 

..J 
1220.0 

0.0 

1.00 

0 cE 0,37 
.c 

0.10 
0.0 

• 
I• 

K= 
r 

2 
In (L/r) 

2*L*To 

10.0 20.0 30.0 40.0 

Temps (s) 

• 
~ 

• 
• 4 ., 

5.0 '10.0 15.0 

Temps corrige (s) 

Conductlvite hydraulique 

K= 1.0E-02 cm/s 

Figure 10. Essai de permeabilite a niveau descendant, puits P7a 
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r---- --,----- --------- ------
Temps Pression h Temps corr. Mto 

(s) (em d'eau) (em) (s) 

0.0 1085.2 0.00 -28 8 0.00 

5.0 1085.2 0 00 -23.8 0 00 

10.1 1085.3 0.10 -18.7 0.00 

15.2 1085.4 020 -13.6 0.00 

20.3 1085 3 010 -8.5 0 00 

22.0 1085.2 0.00 -6.8 0.00 

InJection d'eau 
----- -----;.- ----

23.7 1089.6 4.40 -5.1 0.05 
--

254 1136.8 51.60 -3.4 0 53 

27.1 1181.8 96.60 -1.7 0.99 

Debut de l'essal 

28.8 1182.7 97.50 0.0 1.00 
------~- ----- - -. -- - - --~----- -- -

30.5 1165.2 80.00 1.7 0.82 
-- --- -- - ----- -- . - -- -- --- -- --

32.2 1154.7 69 50 3.4 0.71 
~ ---- . --- -- - --- --- ------ --- - ---

33.9 1145 1 59.90 5.1 0.61 
------ --- ------ - ---- ---------- -----

35.6 1137.2 52.00 6.8 0.53 
" 

37.3 1130 5 45.30 85 0.46 
- - --- ---- ----- - - --- --~--- -- -- --- ____ , 

39.0 1125.0 39.80 ---~0·~-- --- 0 41 
-- -- ---- ------- -- ------

40.7 1120.4 35.20 11.9 0.36 
-

42.4 1116.3 31.10 13.6 0.32 

441 1112.8 27.60 15 3 0.28 
-- -~-- ----- - -- ------- --

45.8 1109.8 24.60 17.0 025 
--

47.5 1107.2 22.00 18.7 0.23 
-------------

50.9 1103.1 17.90 22.1 0.18 
·- ----- ------ -- -- ---- ---- --------- -- - -

56.0 1099.3 14.10 27.2 0.14 

61.1 1096.8 11.60 32.3 0 12 

66.2 1095.3 10 10 37.4 010 

--- --- -- -----

ho= 97.5 em 

(Rayon du pulls) r= 2.54 em 

(Long. creplne) L= 152.4 em 

<!~'!.'Ps_a_hlho:=_<?_.~7) __ To= 12.3 s 

() 
e!. 
0' 
~ 
5' 
::I 

....... 1190.0 
~ 1180.0 
Q) 

"o 1170.0 
E .s. 1160.0 
c 1150.0 
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-~ 1140.0 

~ 1130.0 
Q) 1120.0 
'0 
(/) 1110.0 
Q) 

5 1100.0 
u 
Q) 1090.0 
-l • 1080.0 

0.0 

• 

• • ~· 
10.0 20.0 

•• 
I 

~ : 

• 
• 
• 

• 
• • • • • • 

---

30.0 40.0 50.0 60.0 70.0 

Temps (s) 

1.oo r ~ .1 I I I I I I I I I I I I I I I I I I 
~· I I I I I I I I I I I I I I I I I • ,. 

0 • 
~0.37 •• -·-·--·--, l-.!-l-l-1--l-l-l-l-1-1--· -·-

• 

K= 

• 
~ 

• 
o.1o I I I I I I I I I I I I I I I I t I I .1 I 

0.0 10.0 

2 
r In (L/r) 

2*L*To 

20.0 

Temps corrige (s) 

30.0 40.0 

Conductivite hydraulique 

K= 7.1E-03 cm/s 

Figure 11. Essai de permeabilite a niveau descendant, puits P8a 
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~mps Pression h Temps corr. hlho I 
(s) (em d'eau) (em) (s) 1100.0 • 
0.0 998.9 -1.30 -30.5 -O.D1 

- ---------- --- - -------- --- -- ---

11.8 999.9 -0.30 -18.7 0.00 

() % 1090.0 • 
~ 1080.0 

ri 
...., 

15.2 1000.2 0.00 -15.3 0.00 

f--~~-

InJection d'eau --

27.1 1009.5 9.30 -3.4 0.10 
---- ~ 

~8 1091.9 91.70 -1.7 095 

E .. 
~ 1070.0 

• § 1060.0 • '(jj • 
~ 1050.0 \. "-

~ 1040.0 
Debut de l'essal -o 

!/) 1030.0 • 
30.5 1097.1 96.90 0.0 1.00 

--~ 
-~ - ------- f---· -~-

32.2 1079.4 79.20 1.7 0.82 
--- - -~- ----- ---- -----------

Q) • 
~ 1020.0 • • u -.3 1010.0 

33 9 _1_?_?0.7- 70.50 3.4 0.73 
... - -- 1-------1-- - -~- ... -- 1000.0 

35.6 1063.6 63.40 51 0.65 
--- -- ------f--·-- 0.0 50.0 100.0 150.0 200.0 

37.3 1057.9 57.70 68 0.60 

390 1053.4 5320 8.5 0 55 
Temps (s) 

!---- -
40.7 1049.9 49.70 10.2 0.51 

---- - -- -~-- .. --- -----~- ~---~------ --------
42.4 1047.0 46.80 11 9 0.48 

- ----------- ------- ------- --- -- .. 1.00 
44.1 --~~~~:6 __ 44.40 13.6 0.46 

-~ - f---- - - - ------- -----

45 8 1042.6 42.40 15.3 0.44 
------- --- ------

-~ Ia-
r-. 

r-.-1--

47.5 1040.9 40.70 17.0 0.42 
.. ----- - --I-- . - - --- ---- - -

49 2 1039.4 39.20 18.7 0.40 
- .. -

50 9 1038.0 37 80 20.4 0.39 

r--~ h ~ .E 0,37 
.. . . .. . . 

~--'-r-:. • t--
.&:. t--~~--- t--

- - --------- ------- - ----- ---- -- - - -

59.4 1032.6 32.40 28.9 0.33 
1---· 

1--t-- t-- t--

781 1025.2 25.00 47.6 0.26 

105.3 1018.3 18.10 74.8 0.19 
----------~-------~-1------

125.7 1014.9 14.70 95.2 0.15 

0.10 
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 corrige (s) 

.. 

ho= 96.9 em 

(Rayon du puits) r= 2.54 em r2 In (L/r) Conductivite hydraulique 
K= 

(Long. crepme) L= 152.4 em 2*L*To K= S.SE-03 cm/s 

(Temps a h/ho = 0,37) To= 15.8 s I VJ 
\() 

Figure 12. Essai de permeabilite a niveau descendant, Puits PBb 
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APPENDIX3. 

Table of d10 and hydraulic conductivity calculated from grain-size curves 

Sample no. dw Hydraulic 
(depth in feet) (mm_) conductivity (rn!s) 

P-1 (5-10) 8.90 X 10"2 7.92 X 10"5 

P-1 (20-25) 6.50 X 10"2 4.23 X 10"5 

P-1 (40-45) 1.04 X 10"1 1 08 X 10-4 

P-2 (22.5-25) 2 70 X 10"2 7.29 X 10-6 

P-2{40-451 9.60 X 10"2 9.22 x 10"5 

P-3 (15-20) 7.60 X 10"2 5.78 X 10"5 

P-3 (40-45) 2 70 X 10"2 7 29 X 10-6 

P-4 (5-10) 9.90 X 10"2 9 80 x 10"5 

P-4 (25-30) 5.70 X 10"2 3.25 X 10"5 

P-4 (40-45) 1.07 X 10"1 1.14 X I 0-4 

P-5 (10-15) 8.90 X 10"2 7.92 X 10"5 

P-5 (25-30) 8.oo x to-2 6.40 x 10"5 

P-5 (40-45) 1 40 x w-z 1.96 X 10-6 

P-6 (5-10) 1.02 X 10"1 1.04 X 10-4 

P-6 (25-30) 1.00 X 10"2 1.00 X 10-6 

P-6 (30-35) 7.40 X 10"2 5.48 X 10"5 

P-7 (15-20) 1.30 X 10"2 1.69 X 10-6 

P-7 (25-30) 1.04 x w-1 1.08 X 10-4 

P-8 (15-20) 8.00 X 10"3 6.40 x w-7 

P-8 (25-30) 5.80 x w-2 3.36 X 10"5 

Mean hydraulic conductivity 2 5 x lo-s 
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APPENDIX4 

Records of boreholes 
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PROJECT: 952~ 

LOCATION: Oundum 

DIP: 

RECORD OF BOREHOLE Pl 
BoRING DATE: TUE NOV 14/9S 

SAMPLER HAMMER, 

HYtlfi,I,ULJC CONOOCTMTY 

l<.cnVI I 

SHEET 1 OF1 

DATUI.I: Geode6o 

kg, DROP, mm 

INSTALLATIONS 

: O<OU">d SUtao4 ' 512. 13 

r 
0 rl-t-------------------l-t:.t~~-tlll!t-l==F~==f=~=l==~~=t~~t------TOPSOIL-Ittin layer, trace 

0 02 

l[rootters, dark tx-own/light black 
1 1 [DO [eo 6enlcr-Ao 

;- 3 

:- 4 

t- 5 

t- e 

t- 7 

lill 

'I til 
• 

:- 10 

r ,, 

r 12 

r 13 

r 1c 

15 

,. 
17 

11 

lg 

~~~~~ :: -
grained 

• layered grey and brown 
·trace Fe staming 

• Fe staimng at 4 m 
·salts 

-water at 7.01 m 

-trace coal fragments at 10 m 

' :: 
-. 

:: 

:: 
f'· 

[496 8!l 
15 2~ 

12 'DO a.s 

t-

Is [DO [e7 
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I• [DO leo Clro<.t 

t-

[s IDO 173 

-
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t-

7 [DO ,ao 
12 20frx 

t-
Srod 

I' IDO les 

r-

I• [DO [151 

t-

l•o [oc la.s 

~ 

~ 
~~ 
~~ 

~--

~' 

f· 

~ r- 20 

~ 

DEPTH SCALE (ALONG HOLE) 
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PROJECT: 952-6384 

LOCATION: Dundum 

DIP; 

0 
UJ 0 
.J X 
<"' t:i ow 
Clla: ::< 
xti:; (!) DESCAIPTlON li::t z 
w cr 
0 0 

"' 
0 

lacou-od~ 

SAND-hght brown. frozen to 
0.6 m, damp. line grained 

, -thm 0.02 m organic layer at 
1m 

~ 2 

a 

-Fe staining starts at 3 6G m 

~ ~ -<Jrey at36G m 
-mo1ster 

5 

·layered at 5.49-6 1m 
~arl< grey sand lanse at 5.49m 

·water at 6 4m 
·layered at 6.55m 

71 
~~ J -ttun silt seams and coal seams 

I I ~If -trace .coal fragments on free I jll water 1n sample 

• 

10 

~ ,, 

12 

~ H 

IS 

16 

~ 17 

,, 

~ :- 18 

.... 
:> ... 
!!;: 

20 
~ 
(§ 

DEPTH SCALE (ALONG HOLE) 

1 to 100 

RECORD OF BOREHOLE P2 SHEET1 Ofl 

: 

r· 

f'· 

:: 

I· 

:: 

':. 

:: 

:. .. 
:: 

:: 

-
2 loc 1110 

1-

s ,00 ,Ill 

-
14 loa 1110 

1-

Is 'oo ~00 

-
is loc 157 

f-

l1 loa 117 

f-

, a ioc las 

f-

I• 'oo 'ao 

1-

I~ l1oloc In 
r·'.-,49631 

BORING DATE: Wed Nov 15/9S DA T\JIA. Geodetic 

SAMPt.ER HAMMER. kg; DROP, mm 

8.onlcrllo 

1---+----l--+--+-+---+-+--+-~~s.a 

12-2\: f<ac 

~~~~4--+-+--+-+-~--~~~ 

Golder Associates 

-~ ····--- ·-----

INSTALLATIONS 

LOGGED: A..L 

CHECKED: 

3 
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PROJECT: 952-6384 

LOCATION· Dundum 

DIP. 

w ..... 
<en 
Uw 
rna: 
:z:t;; 
li:~ 
~ 

t- 1 

:- 2 

:- 5 

SAND-light brown, frozen to 
0.6 m, damp, line gremed 

-Fe staming at 4.27m 
-small piece of wood at 4 57m 

-<:oan;er sand at 5. 64 m 
1 j & -layenng at 5 79m 

I ~~ ~ -water at 6 4m 

'~~~~ ~ookW-~ot7,., 
. li 
I 

t- 10 

11 

r 12 

;- 13 

.() 051 m coal layer at 8.84m 

- finer sand to depth 
-trace coal partJcles floating on 
free water on samples to depth 

RECORD OF BOREHOLE P3 
BORING DATE: Wed NoY 1 ~ 

SAM?LER HAM MER, 

:: 

. ·-· 

4 oo In 

. : t-

t-

SHEET 1 OF 1 

DATUM. Geode~ 

kg; DROP, mm 

INSTAUA TIONS 

A 8 

': 

~· . 

t- 14 
1-+-t------------+---iiF.-:: 4971-;t-2!1-+--t--t-+-+--t--+--ir--t--+......;--r-+---+-----+~~--L.:-- - ----~-- -

13 7~ 

15 

17 

11 

11 

;!!; f- 20 
~ 
< c 

DEPTH SCALE (ALONG HOLE) 

110100 Golder Associates 
LOGGED: A-L 

CHECKED: 
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PROJECT: 952-6384 

LOCATION. Oundum 

DIP: 

SAND-brown. damp, fine gralned 

-Fe staining at 2.44m 
-liner sand 

:- 4 
-Fe staining at 3.81 m 
-salts at 3.96m 
-black streaking a13 66 and 4 27m 

-sand m01st at 5 64m 

-water at 6 5m 
-black streaks from 6.5510 

7 1 .. 1 i 7 32m ·I iii ,~ ... 00 

_, &70, • 

I € -altematmg thin layering 
:- 1 I .li of sand and coal seams 

-coarser sand at 8 69 to 8.64m 

10 

r- 11 

:- 12 

15 

11 

:- 11 

11 

-coal fragments floating on free 
water in samples 

DEPTH SCALE (ALONG HOLE) 

1 to 100 

RECORD OF BOREHOLE P4 SHEET 1 0F1 

DATUM: Geodetic 

I 1 loc In 

:; 

I-

:: 

:: 

. : 

5 loc ,87 

I-

:: ,1loc 173 

I-

l•loc 187 

' :; 
, 8 loc Ito 

•• 4SS ll9 
1524 

BORING DATE: Thur Nov 1~ 

SAMPLER HAMMER. kg; DROP, mm 

1--+-1--t--t-+--+-+--+--1'--1 Frac s.ncs 
ond Sloc.ql 

Golder Associates 

~ -. 

~. 

I· 

LOGGED· A.L 

CHECKED: 
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PROJECT: 952~ 

LOCATION: Dundurn 

DIP: 

..1 
<<ll 
Ow cna: 
:z:t;; 
~::!! 
~ 

SAND-light brown, damp, flne grainec 
-dati< grey streaks at1 07m . :: 

2 

t- 7 

-<l.08m organic: layer at 1.83m 
-Fe staining 1.98m to 2.59m 

-black streaks from 4.11 m to 
457m 

-layered black/brown/grey 
-<l 025m black seam at 5 94m 

-water at 6 71m 

i ~If ·black streaklng from 6 4 to 

1 ~~~ 7 62m 

·I tl ~ ,.,,"' , - "" -~ 
at8 7 m 
-black streaks at 8 94 m 
-fine grey sand at 9 m 
(unoxodtzed) 

10 

r , 

12 

15 

,. 

17 

,. 

" 
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DEPTH SCALE (ALONG HOLE) 

1 to 100 

:: 

:; 

:: 

YM& +psw;s ?S&Wi@A *'AAM**IdRP 

RECORD OF BOREHOLE PS SHEET 1 Of 1 

DATUM: Geode!ic 

ioo In 

r-

12 IDC 10C 

r-

I' ,oo 1110 

r-

I~ IDO 85 

t-

Is IDC IQ() 

1-

I e loo las 

t-

I 7 IDC 175 

1-

I• !oc 1 e1 

r-

I 8 !oc les 

t-

11oloc il3 
41l6_~ 

15 2. 

BORING DATE: Fn Nov 24/95 

SAMPlER HAMMER, kg; DROP, mm 

r--r~r-,_~--~~--~-+--+-~~ -
Or out 

12-20Srd 

1--+---+----+--+---t--+--t--+--t---f&'>dSio<.q, 

Golder Associates 

-
------------

~--

I·· 
'-

INSTALLATIONS 

-- - - -- ---

LOGGED: A.L 

CHECKED: 

3 
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1 
] 

----] 

] 

k-1 

.... 
< 

PROJECT; 9~2-0384 

LOCA TION: Oundum 

DIP: 

E- 2 

E- 3 

e 

SAND-light brown, damp, fine 
grained, uniform 

-Fe staingin from 3 to 4.5m 

-water between ~.2 and 6 1m 

l;ll-a<671m 
7 

1

1 ~ ~~ i -coal layers and ~r sand 
I l from 7.5 to 7.62m 

• 

[- I 

10 

11 

12 

E- 14 

11 

E- 17 

,. 

11 

-trace Fe sta1n1ng from 6 64 to 
9.14m 

-trace coal particles floatmg on 
free water on sample 

DEPTH SCALE (ALONG HOLE) 

1 110 100 

VSUi¥5PSa & u ,..., e 

--------·-----···--------------------
-------------~--c··"-=· 

RECORD OF BOREHOLE P6 

BORING DATE: Fri Nov 24195 

SAMPLER HAMMER, 

0 iWATERCONITNT PEACe(! 

WJ>~'NI 

I··. 

-
laloo l.z 

3 loo :35 

-

i•loc 143 

1-

! : Is loo 100 

1-

1-

I a loc I o 

13 7~ 

Golder Associates 

rm EES 

SHEET 1 OF 1 

DATUM: Geodetic 

kg; DROP, mm 

B«11oriio 
Sui 

-Seal 

L 

INSTALLATIONS 

A B 

~: 

LOGGED: A.L 

CHECKED: 

3 

-=: ... _: 
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~1 

~I 

~~ 

.I 

") 

-I 
.I 
.. I 
.I 

I 
~I 

1 

PROJECT: 952-6384 

LOCATION. Dundum 

DIP: 

0 
uJ 0 
-' ~ <en 
<..lUJ 
rna: :::! 
.x:tu 0 OESCRIPTION !;::::; z 
~ a: 

0 

"' II 
• Gr<xrod &sface 

0 

;~. 

f- , SAND-light brown, damp, fine 
grained 

:: 

2 
-Fe staining from 1.22 to 1.37m 
-black streak a11.37m 

: ~ :. 

:: 
f- 1 , .. 

f- 4 

-water at 4.27m 

i: li 5 

il -unoxodlzed at 5.64m 

F- I II -black streaks at 5.49m and 5.79m 
-Fe staining at 5.79m 

:'· 

:: 
7 , .. 

' ':: 

:: 

E- I 

. :: 
f- 10 

':: 

RECORD OF BOREHOLE P7 SHEET1 Of1 

DAIUM: GeOdedo BORING OATE: Sat Nov25/95 

SAMPLER HAMMER, l<g; DROP, mm 

A 
INSTAU.Anoos 

B 
ELEV I! ~ li !I I! ~ 

% L£L 

lm) 

51027 
000 

11 loo I" 

f-

l :oo I• 

-
(/ 13 [oo [83 

1-

14 00 [83 

1-

Is [oc [12 

-

1--1--+--il---l--+---ii----+--+--i~ 12·20 Frac: 
$.lnd 

is [oc 'sz 

1-

'r loo 71 

!499.80 
10.67 1--+-J-.---------+-f~ffi--hH-+--f-+--+--+-+-ll-l--!-+--+--+-------- --- .. --

12 

f- 14 

E- 15 

E- 11 

1:- 17 

,. 
1/i 

OEPn-1 SCALE (ALONG HOLE) 

1 110 100 Golder Associates 
LOGGED: A.L 

CHECKED: 
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PROJECT; $52-6384 

LOCATION; , oUrldurn 

~ J--____ ro_L ___ ,--.,---+...,.-T"""T-,--l 

:.. I 

~ 4 

f- 7 

f- • 

10 

n 

14 

15 

17 

11 

::i 

~ 

~ 

SAND-light brown, damp, line 
grained. Fe stained, 

~ng Fe stalnlng with 
depth 

-layering at 4 sam 

-ooal specks on free water from 
samples 

DEPTH SCALE (ALONG HOLE) 

1k)100 

# 

I· 

Golder Associates 

I «a .,. 

INSTAUAnONS 

A 

*Z 

LOGGED: A.L 

CHECKED: 

3 
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APPENDIX 5. 

TNT, RDX and HMX analysis in soil samples 



FORAGE DURDUN AUTOMNE 1995 

.... . . ... ' ".. ' .. ~ ... .. . .. 
ECHANJ1LLON , ': .-, .. ROX .. TNT HMX' ~ 

' ' 
........ 

51 

OTECH ~3(} 'OTECH 8330 . 8$30 

P15-10 LOW (352) - LOW (314) - -
P110-15 LOW (348) nd LOW (302) nd 0,4 

P115-20 LOW (327) - LOW (282) - -
P120-25 LOW (360) nd LOW (320) nd nd 

P125-30 LOW (347) - LOW (307) - -
P130-35 LOW (361) nd LOW (245) 0,3 nd 

1% (247) 

P135-40 LOW (354) - LOW {249) - -
P140-45 LOW (336) - LOW (247) - -
P145-50 LOW (336) nd 2% (243) 0,2 nd 

- - ----------· -~-- - "" ----·-·-···--------------



FORAGE DURDUN AUTOMNE 1995 

~£~HAtrnLlON . rNr'". · · -- '• ~ 

~ ~ ROX ~ 
. ~~~HMX 52 

~ 01ECH . ~ 8330 ~ · __ DTECH " 
~ SS$0 8330 

P2 0-5 LOW (351) nd 3% (236) nd nd 

2% _(_2301 

P2 5-10 LOW (350} - LOW (260) - -
P2 10-15 LOW (351) nd LOWl24Ell_ nd nd 

P2 15-20 LOW (336) - 1% (251) - -
P2 20-22.5 LOW (347) nd 1% (233) nd nd 

P222.5-25 LOW (349) nd LOW (251) nd nd 

LOW (241) 

P2 25-27'8" LOW (346) - LOW_(286l - -
P2 25-30 LOW (360) nd 3% (276) nd nd 

P2 30-35 LOW (372) - LOW (293) - -
P2 35-40 LOW {381) nd 3% (230) 0,4 nd 

P240-45 LOW (360) - LOW_(320l - -



FORAGE DURDUN AUTOMNE 1995 

. ' •' " ... ~ ...... " ' . ' . 
.'ECHANrf~L~N · . 'ROX ,_'~ ,· , -TNT';; __ .. ~-~ .. HMX, 

·' . ' ...... 
~ ' ' ' ... 

OT~¢fi · 8330. DTECii ..~ 8330-

53 

P30-5 LOW (350) nd LOW (248) nd nd 

P3 5-10 LOW - LOW - . 

P310-15 LOW (375) nd LOW (262) nd nd 

LOW (352) LOW (249) 

P315-20 LOW (357_)_ - 2% (249) - -
P320-25 LOW_(358) nd LOW(254} nd nd 

P325-30 LOW {362) . LOW (250)_ - -
P330-35 LOW (366) nd LOW (254} nd nd 

P335-40 LOW (357) - 1% (242) . -
P340-45 LOW(343) nd LOW_(250) nd nd 

P345-50 LOW (346) - 8% (248) - -



FORAGE DURDUN AUTOMNE 1995 

54 
. ' .. ' 

' ' ' 

ECHANT\Lf..ON . . . . . ROX tNT-, ... --HMX : ' 
' ,· 

' ' 
'., ,' 

' ' : tire eli · .ol"Ecti'" ' ' 8330 ~S30 8330 

P4 0-5 LOW (351) nd LOW~(254) nd nd 

P4 5-10 LOW (352) - LOW_{247) - -
P410-15 LOW (350) nd LOW.(252) nd nd 

P415-20 LOW (362) - LOW (241) - -
P420-25 LOW (365) nd LOW (247) nd nd 

P425-30 LOW (362) - LOW (249) - -
P4 30-35 LOW (355) nd 1% (202) 1,0 0,4 

P4 35-40 LOW (355) - LOW (217) - -
P4 40-45 LOW (343) 1,3 3% (243) 0,8 nd 

P4 45-50 LOW (345) - 1% (201) - -



FORAGE DURDUN AUTOMNE 1995 

ECHANllLlON 
... 

'iut'· ; ' HMX RDX .. ,,_ .. 
55 

,. 
" ,, · · ·ore:cH: '/ ~ . OTECH. 8330 8300 ~ 

P50-5 LOW (335) nd 5% (231) nd nd 

P5 5-10 LOW (339) - 1% (220) - -
P510-15 LOW (341) nd LOW {246) nd nd 

P515-20 LOW (326) - LOW {259) - -
P520-25 LOW (278) nd 1% (231) nd nd 

P525-30 LOW (300} - LOW (246) - -
PS 30-35 LOW (273) nd LOW {252) nd nd 

PS 35-40 LOW (320) - LOW (276) - -
P540-45 LOW {388) nd LOW {241) nd nd 

P5 45-50 LOW (388) - LOW (243} - -

------------·-····-·-·······. 



FORAGE DURDUN AUTOMNE 1995 

ECHANTJLLON · RDX TNT, ' <~HMx . . : ~ ' .. . " " ::',~~3so DTSCH 8330 DTECH ~330 

56 

PG0-5 LOW (367) nd LOW (267) nd nd 

P6 5-10 LOW (386) " 5% (243) " " 

P610-15 LOW (352) nd LOW (279) nd nd 

P615-20 LOW (349) " 6% (250) " " 

P620-25 LOW (334) nd LOW (241) nd nd 

P6 25-30 LOW (334) " 2% (234) " " 

P6 30-35 LOW (351) nd 4% (238) nd nd 

'"-- ---- -.~===~~~==-~~. 



FORAGE DURDUN AUTOMNE 1995 

: .ECf-{~NTH..LON · 
' . TN't'' ,~:', .~: _.:_ .. 

:.ROX· )iMX 
: ... ~ -:. .. 

DTECH 8330 DlECH 
... ·: .. 

.S330 ' S330 

57 

P7A 0-5 LOW (354) nd LOW (220) nd nd 

P7A 5-10 LOW(351) - 2% (228) . . 

P7A 10-15 LOW (354) nd LOW (258) nd nd 

P7A 15-20 LOW (360) - 4% (247) - -
P7A20-25 LOW (335J nd LOW (262) nd nd 

P7A25-30 LOW1_353_l - LOW (291) . -
P7A30-35 LOW (347) nd LOW_(341) nd nd 

EQHANTtLLON 
: ... .. RDX ·.- .. ' TNT· ~~~ ... HMX . . · .... 

~>"ore·cH .-
. , " . 

" . ;&300 OTECH 8336 ' 
S330 .. 

PBB 5-10 LOW (372) nd 1% (248) nd nd 

PBB 15-20 LOW (362) - LOW (250) - . 

PBB25-30 LOW (403) nd 2% (245) nd nd 
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APPENDIX6 

TNT, RDX and HMX analysis in groundwater samples 



RESUL TATS D'ANAL YSES DES ECHANTILLONS D'EAU SOUTER RAINE 

59 
ECHANTILLONS DATE JB_DXj LIN...:O ll:iMXj 

ppb ± 0,2 ppb ± 0,2 ppb ± 0,2 

P1A nov-95 5,3 2 <0,3 
P1A avr-96 4,9 <0,3 <0,3 

P1B nov-95 5,1 <0,3 2,2 
P1B avr-96 3,6 <0,3 <0,3 

P2A nov-95 0,8 1,6 <0,3 
P2A avr-96 0,5 <0,3 <0,3 

P2B nov-95 1,7 <0,3 <0,3 
P2B avr-96 <0,3 <0,3 <0,3 

P3A nov-95 5,6 <0,3 5,7 
P3A avr-96 3,4 <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 2,8 <0,3 1,1 
P4A avr-96 2,0 <0,3 1,1 

P4B nov-95 5,8 <0,3 <0,3 
P4B avr-96 3,0 <0,3 <0,3 

P5A nov-95 1,4 <0,3 <0,3 
P5A avr-96 0,9 <0,3 <0,3 

P5B nov-95 non echant. non echant. non echant. 
P58 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 

P68 nov-95 2,0 2,4 <0,3 
P68 avr-96 <0,3 <0,3 <0,3 

P?A nov-95 <0,3 <0,3 <0,3 
P?A avr-96 <0,3 <0,3 <0,3 

P78 nov-95 1,8 <0,3 1,2 
P7B avr-96 <0,3 <0,3 <0,3 

PBA nov-95 <0,3 <0,3 <0,3 
PBA avr-96 <0,3 <0,3 <0,3 

PBB nov-95 <0,3 <0,3 <0,3 
P8B avr-96 <0,3 <0,3 <0,3 
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