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1.0 INTRODUCTION

EBA Engineering Consultants Ltd. operating as EBA, A Tetra Tech Company (EBA), was retained by

Ms. Laurie Beck, of the Village of Barons (Barons), to prepare a Risk Management Plan (RMP) for the

property at 124 Main Street in Barons, Alberta (Figure 1). The Alberta Municipal Affairs (AMA) number for

the site is 9558.

This RMP is based on information collected during previous investigations conducted by EBA at the site.

This RMP provides information relevant to the management of environmental risks at this site. Further

information regarding other aspects of work to date can be found in the referenced documents.

The objectives of the RMP are:

 To characterize the potential risk for adverse human health and ecological effects due to exposure to

the affected soils and groundwater at the site; and

 To evaluate mitigative options available to manage risk of adverse effects by controlling the exposure

routes.

2.0 BACKGROUND AND SITE DESCRIPTION

2.1 Site Description

The site is a rectangular-shaped property, approximately 26,000 m2 in area, located on the southeast

quarter of Section 16, Township 012, Range 23, West of the Fourth Meridian at 124 Main Street, in Barons,

Alberta. The northern portion of the site is used as a public park and contains trees, park benches, and a

gazebo. The southern portion is vacant.

2.2 Past Reports Summary

Phase II and Phase III Environment Site Assessments (ESAs) were initiated and written by EBA in 2009

(EBA 2009). The ESAs followed a geotechnical evaluation for a roadway improvement and water line

upgrade project along Main Street from Railway Avenue to Prairie Avenue, which identified petroleum
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hydrocarbons (PHCs) within soils and groundwater to the east of the site. The detection of PHCs during the

geotechnical evaluation triggered a historical site assessment. EBA was not able to locate any records

regarding the historical operations; however, anecdotal information provided by long-term residents of the

Village of Barons confirmed the presence of a gas service station on site prior to 1970.

The Phase II and Phase III ESAs identified a previously unknown underground storage tank (UST) and

concentrations exceeding applicable guidelines in the surrounding soil/and or groundwater. It was

recommended that the UST be removed from the site and remedial activities be explored.

Based on the Phase II and Phase III ESA results, the following conclusions were made:

 Various PHC and benzene, toluene, ethylbenzene, and xylenes (BTEX) compounds were detected at

concentrations greater than the Alberta Environment (AENV) Alberta Tier 1 Soil and Groundwater

Remediation Guidelines (Tier 1 Guidelines) within soil samples collected at depths between 1.8 m

below ground level (mbg) and 3.6 mbg at 08MW06 (east of the former tank nest) and 09BH10 (north

of the former tank nest).

 Various PHC parameters were detected within groundwater samples collected from 08MW06 and

09MW11 at a concentration greater than the Tier 1 Guidelines.

The Tier 1 Guidelines provide a framework for the management of contaminated sites. The Tier 1

approach is based on the assumption that all exposure pathways and receptors relevant to a particular land

use are present.

Based on the findings of the Phase II and Phase III ESA, EBA has determined that the former site operations

have resulted in impacts to the soil and/or groundwater in the areas of 08MW06, 09MW10, and 09MW11.

In November 2010, EBA was on site to monitor the removal of the UST by Hazco Environmental Services

(Hazco), characterize the soils within the former tank nest for potential residual hydrocarbon impacts, and

summarize monitoring details in a report (EBA 2011). A summary of the observations during the UST

removal is as follows.

The asphalt and concrete sidewalk above the UST was cut (approximately 6.3 m by 5.2 m) on

November 2, 2010. The asphalt and the concrete were removed using a track hoe and piled on the

northeast side of the excavation, and were later hauled to the Lethbridge Waste and Recycling Centre for

disposal. Unimpacted soil above the UST to a depth of approximately 0.6 m was segregated from the

impacted material using the track hoe and stockpiled on the northwest side of the excavation.

The UST (approximately 2,000 L capacity) was removed from the tank nest using the track hoe and placed

on the east side of the excavation for inspection. The tank was visually inspected by Mr. Shewchuk, of

Hazco. A large hole at the base of the UST as well as significant corrosion were noted. Labels were not

present on the tank.

Hazco crushed the tank on-site using the track hoe and disposed of it at the Lethbridge Waste and

Recycling Centre. A Statue of Declaration was provided by Hazco stating that the storage tank was

removed according to all required and applicable Petroleum Tank Management Association of Alberta

(PTMAA) standards.
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Following removal of the UST, excavation of the suspected PHC impacted soil commenced to a depth of

approximately 4.5 m (depth to bedrock in the area of the excavation). Impacted soil was stockpiled along

the north side of the excavation and 356 tonnes were later hauled to the Lethbridge Waste and Recycling

Centre.

While conducting drilling at AMA Site No. 9557, east of the site, a borehole was advanced within the

excavation limits of the UST and a composite sample sent for analysis. The excavation required dewatering

prior to backfilling due to groundwater infiltration. Badger Daylighting was contracted by Hazco to remove

and dispose of approximately 4 m3 of PHC impacted-water to Palko Environmental Ltd., near Claresholm,

Alberta.

Additional excavation of impacted soil to the west, east, and south was not undertaken due to urban

infrastructure (buildings and unexposed utilities to the west and east) and concerns raised by the town hall

committee of Barons regarding risk of damage to the rooting system of the mature trees within the park

south of the excavation.

Samples obtained from the south, east, and west sidewalls and base of the excavation were found to have

concentrations of benzene, ethylbenzene, xylenes, and PHC (Fractions F1 and F2) greater than the AENV

Tier 1 Guidelines for fine-grained soils under residential/parkland land use.

Further details of the findings can be found in the referenced reports.

2.3 Data Evaluation

To assist in assessing the quality of soil and groundwater analyzed during the environmental assessment at

the site, AENV’s Tier 1 and Tier 2 Remediation Guidelines were applied.

To apply these guidelines, the background information summarized in Section 2.0 was used to assess the

land use and sensitivity of the site.

The site is located within an area of commercial buildings, residential dwellings, and parkland. Therefore,

the most sensitive land use within 30 m of the site is residential/parkland.

Drilling at the site demonstrated that the underlying soils are predominantly fined-grained. The depth to

groundwater at the time of the assessment ranged between 2.2 mbg and 2.6 mbg.

The chemicals of potential concern associated with gasoline include the monocyclic aromatic hydrocarbons

(BTEX) and the aliphatic hydrocarbons F1 (C6 to C10 hydrocarbon chain), F2 (C11 to C16 hydrocarbon chain),

F3 (C17 to C24 hydrocarbon chain), and F4 (longer than C25 hydrocarbon chains).

Under the residential land use scenario for fine-grained soils, the Tier 1 Guidelines for aromatic

hydrocarbons include the exposure pathway for the protection of drinking water. However, for the F1 to

F4 hydrocarbons, the Tier 1 Guideline is based on the protection of ecological receptors and that is the

pathway for direct soil contact by ecological organisms.
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2.4 Geology and Hydrogeology

The surficial geology in the Barons area is characterized as glaciolacustrine material with clay, silt, and

sand forming the dominant geologic deposits (Shetson 1981). Bedrock in the Barons area consists of

sandstone and shale strata from the St. Mary River Formation of the late Cretaceous age.

There are several ephemeral wetlands located near the Village of Barons municipal boundaries; however,

all identified wetlands are greater than 300 m from the site. Two water reservoirs are also located

approximately 350 m southwest of the site; however, they are no longer being used, and according to Mrs.

Beck, will be reclaimed in the near future. The nearest surface waterbody of significance is Keho Lake,

located approximately 5.25 km southeast of the site.

Sediments observed in boreholes drilled in 2009 as a component of the Phase II ESA (EBA 2009) consisted

of clays with intermittent silt/sand lenses from below a surficial topsoil layer (0-0.1 mbg) to a maximum

depth of 4.7 mbg. Below these deposits, weathered claystone bedrock was observed to the maximum

depth of investigation (13.7 mbg). The laboratory sieve analysis results indicate that the dominant grain

size is fine-grained. For reference, the water well records and borehole logs are provided in Appendix A.

Based on hydrogeological maps for the area, it is anticipated that shallow and regional groundwater flow

would generally be southeast towards Keho Lake (Tokarsky 1974).

2.4.1 Land Use

According to the Village of Barons, the site is zoned Commercial (C1). Surrounding land use within 30 m or

less of the site is comprised of Residential (R1) and C1. The current use of the property is considered

parkland. Based on the surrounding receptors and potential exposure pathways, a residential/parkland

land use is appropriate for the site.

2.4.2 Groundwater Use

According to provincial water well records (AENV 2011), there are three registered water wells located

within approximately 300 m of the site. The information gathered for registered water wells within 300 m

of the site has been tabulated below.

Water Wells within 300 m of the Site

Well ID No. Location
Approximate
Distance and

Direction from Site

Approximate
Depth

Year
Installed

Owner

0194222 SE ¼ 16-012-23 W4M 150 m northeast 29 m 1958 Unknown

0194216 SE ¼ 16-012-23 W4M 300 m south 29 m 1971 AENV No. 0613E

2058577 SE ¼ 16-012-23 W4M 300 m south 20 m 1971 AENV No. 0611E

According to Ms. Beck, the Village of Barons began importing its potable water from the Village of

Nobleford in April 2008. Potable water is piped to the Village of Barons via Nobleford’s water treatment

plant.
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2.4.3 Groundwater Flow Direction

In March 2009, groundwater was encountered at depths ranging from 2.2 mbg at 08BH07 to 2.6 mbg at

09BH11. Groundwater monitoring results indicate that the groundwater table is relatively flat with a slight

hydraulic gradient to the south.

Hydraulic conductivity tests conducted during the ESAs in November 2009 for 08MW01 (9 x 10-6 m/s),

08MW07 (5 x 10-7 m/s), and 08MW08 (4 x 10-5 m/s) provide a geometric hydraulic conductivity value of

6 x 10-6 m/s. The maximum reported value of 9 x 10-6 m/s is used for this assessment.

3.0 RISK CHARACTERIZATION

For risk to exist there must be a source of a compound of concern, a receptor that risks being impacted, and

a media pathway to link the two.

Risk of an adverse impact to human health and ecological receptors has been characterized according to

the linkages between the source areas, migration pathways, and receptors as described in Sections 3.1

to 3.3.

3.1 Source Areas of Environmental Impairment

EBA identified one area of environmental concern at the site based on the results of previous site

investigations. The UST previously utilized on site during the operation of the former service station was

removed, along with the majority of the impacted soil, in November 2010.

3.1.1 Soil Quality

Samples obtained from the south, east, and west sidewalls and base of the excavation were found to have

concentrations of benzene, ethylbenzene, xylenes, and PHC (Fractions F1 and F2) greater than the Tier 1

Guidelines for domestic use (benzene, ethylbenzene, and xylenes) and ecological direct contact

(PHC [Fractions F1 and F2]).

Concentrations of benzene (0.059 mg/kg) and ethylbenzene (4.09 mg/kg) on the west wall of the

excavation, at sample area W3 at a depth of 4.0 m, were greater than the Tier 1 Guidelines.

Concentrations of ethylbenzene (0.524 mg/kg) on the east wall of the excavation, at sample area E5 at a

depth of 4.5 m, were greater than the Tier 1 Guidelines.

Concentrations of benzene (0.062 mg/kg) and ethylbenzene (4.02 mg/kg) on the south wall of the

excavation, at sample area S3 at a depth of 4.0 m, were greater than the Tier 1 Guidelines.

Concentrations of benzene at sample locations B4 (0.216 mg/kg), B5 (0.161 mg/kg), B6 (0.782 mg/kg),

B8 (0.085 mg/kg), and B9 (0.134 mg/kg), ethylbenzene at sample locations B5 (0.228 mg/kg),

B6 (0.794 mg/kg), B8 (1.17 mg/kg), and B9 (8.66 mg/kg), xylenes at sample location B6 (5.05 mg/kg), PHC

Fraction F1 at sample location B9 (1,220 mg/kg), and PHC Fraction F2 at sample locations B6 (165 mg/kg)

and B9 (694 mg/kg) at the base of the excavation, at depths ranging from 4.4 m to 5.0 m, were greater than

the Tier 1 Guidelines.
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Lead concentrations ranged between 7 mg/kg (08MW01 at 1.2 mbg and 08MW07 at 0.6 mbg) and

62 mg/kg (08MW06 at 0.6 mbg). All concentrations of lead were less than the ecological direct soil contact

guideline (300 mg/kg).

The UST was removed and soil practical to excavate in regards to PHC impacted material was also removed

and landfilled. Impacted material unpractical to excavate due to potential risks to adjacent infrastructure

and vegetation was left in place. Soil analytical results collected during the UST removal are summarized in

Table 1.

Soil analytical results show that PHC affected soils (with concentrations of one or more of BTEX, PHC

Fractions F1 to F2 greater than the applicable guidelines) remain unexcavated along the south, east, and

west wall of the excavation, as well at the base of the excavation. Fill was imported to replace the

contaminated soils removed from the excavation and to fill the void left from the previous UST.

3.1.2 Groundwater Quality

Prior to source removal, eight groundwater samples, plus one duplicate from monitoring well 09MW13,

were submitted for chemical analysis. Groundwater analytical results are summarized in Table 2.

Benzene concentrations were detected at 08MW06 (0.068 mg/L), 09MW09 (0.0017 mg/L), and 09MW11

(0.0057 mg/L). The concentration of benzene detected at 08MW06 and 09MW11 were greater than the

DUA guideline (0.005 mg/L).

The concentration of ethylbenzene detected at 08MW06 (0.036 mg/L) was greater than the DUA guideline

(0.0024 mg/L).

The xylenes concentration detected at 08MW06 (0.072 mg/L) was less than the DUA guideline (0.3 mg/L).

Concentrations of PHC Fraction F1 detected at 08MW06 (1.6 mg/L) and 09MW11 (0.1 mg/L) were less

than the DUA guideline (2.2 mg/L).

Concentrations of PHC fraction F2 were detected at 08MW06 (1.7 mg/L) and 09MW09 (0.1 mg/L). The F2

concentration detected at 08MW06 was greater than the DUA guideline (1.1 mg/L).

Lead was detected within samples collected from 08MW06 (0.0031 mg/L) and 08MW07 (0.0003 mg/L);

however, the concentrations were less than the DUA guideline (0.01 mg/L).

3.1.3 Air

Air monitoring has not been performed on site as part of EBA’s past investigations.

3.2 Migration Pathways

All exposure pathways presented in the Alberta Tier 1 Guidelines for residential/parkland land use are

considered for this site.

3.3 Potential Receptors

The final factor in the source-pathway-receptor framework is the receptor. If no receptor is present, there

is no potential for adverse health or ecological affects and subsequently no risk. This section outlines
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potential receptors at the site. For reference, the pathway(s) by which the receptor may become exposed

to potential sources of concern are discussed.

3.3.1 Human and Ecological Risks

Potential ecological receptors (and exposure pathways) include the following:

 Plants, through root uptake;

 Potable water, through groundwater migration; and

 Vapour inhalation.

Hydrocarbon impacted soil remains unexcavated along the walls and base of the former UST excavation

(EBA 2011). Impacted soil is situated approximately 4.0 m below surface. Human exposure to impacted

soil is not considered a risk since direct contact is minimal due to the depth of the impacted soil.

Impacted soils are not situated on or near the surface. The site is vegetated, which reduces surface runoff.

Also, no major surface waterbodies are present near the site. The potential for down-gradient surface

water being affected by runoff from the site is low.

Protection of aquatic life must be considered when surface waterbodies are present within 300 m of the

site. Major surface waterbodies are not present near the site within this zone; however, with groundwater

existing as a pathway, protection of aquatic life is considered as a potential receptor.

Testing of groundwater beneath the site yielded a geometric mean value for the maximum hydraulic

conductivity value of 9 x 10-6 m/s with an aquifer thickness greater than 2.5 m (EBA 2009). These

conditions suggest that the saturated soils might yield sufficient water for domestic use. Therefore, the

pathway for protection of drinking water cannot be excluded.

Human vapour inhalation is considered to be operative in all cases at Tier 2. Soil PHC contaminants

interact with air through volatilization. Inhalation of volatile hydrocarbon vapours migrating into buildings

applies in the case where a building is or may be present. No buildings (other than the gazebo) are directly

above or near the area of impact. However, the site is a common public space in Barons and appropriate

measures to mitigate human and other organisms’ exposure should be discussed.

Some evidence for hydrocarbon staining and vapours was discovered beneath the roadway. This sort of

institutional barrier eliminates the opportunity for direct contact by soil organisms north of the site.

However, the soil excavation was ceased regarding risk of damage to the rooting system of the mature trees

within the park south of the excavation, and samples obtained from the south sidewalls were found to have

concentrations of benzene and ethylbenzene. Therefore, exposure controls do not limit direct ecological

contact and the pathway applies to this assessment.

3.3.2 Assessment of Environmental Risk

The environmental risk from residual hydrocarbon impact to local receptors is considered low based on

current site conditions. However, the need to ensure that management of the site stays consistent with

assumptions built into the risk assessment will require the use of exposure control.
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4.0 MITIGATIVE OPTIONS (RISK MANAGEMENT PLAN)

The primary source of the hydrocarbon impact has been removed; however, residential soil and

groundwater PHC impacts remain. The mobility of the residual chemical of potential concern is reduced by

subsurface conditions and chemical properties of the PHCs. The exposure pathways outlined in the Tier 1

Guidelines document have been described.

In situ natural biodegradation over time should reduce concentrations of BTEX and PHCs in soil and

groundwater. Hydrocarbons present at the site are considered readily degraded, whereas more complex

molecular structures are generally more resistant to biodegradation. However, further evaluation of the

potential to utilize such natural processes to remediate the groundwater is required.

A monitoring plan and continuance of the monitoring plan should be implemented until such time as

contaminant concentrations are at acceptable levels. A monitoring plan should include collecting

information regarding aerobic and anaerobic biodegradation processes at the site.

For groundwater applications, in situ bioremediation approaches include biosparging with air or oxygen,

introduction of oxygen releasing compounds, liquid delivery of nutrients and/or electron acceptors, or

monitored natural attenuation. Monitored natural attenuation should be implemented prior to introducing

active bioremediation technology.

Previous investigations did not include vapour monitoring at surface. A vapour monitoring program at the

site should be implemented to measure potentially emitted vapours from the subsurface. The vapour

monitoring program can be conducted concurrently with the groundwater monitoring program.

4.1 Contingency Plan

Contingency plans have been developed for the risk management measures indicated. The contingency

plans are outlined below. As the monitoring plans progresses, the contingency plan will be updated as

necessary.

Contingency Plan

Potential Occurrence Precautions
Responses

Action Time Frame

PHC and BTEX fractions in

groundwater continue to

increase relative to 2009

concentrations.

Monitor groundwater chemistry

and field parameters annually

(including alkalinity, dissolved

iron, and manganese,

nitrate/nitrite, sulphate, and total

organic carbon).

Move from natural

attenuation to active

bioremediation.

Immediately, with

discussion with Barons

and AMA.

Volatile organic compounds

(VOCs) (i.e., BTEX)

vapours migrate to the

surface.

Introducing a vapour monitoring

system to measure surface

vapour concentrations.

Determine potential risk to

humans and other

organisms in the area,

and relay to appropriate

authorities.

Immediately, with

discussion with Barons

and AMA.
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5.0 LIMITATIONS OF LETTER REPORT

This letter report and its contents are intended for the sole use of the Village of Barons and their agents.

EBA Engineering Consultants Ltd. operating as EBA, A Tetra Tech Company (EBA), does not accept any

responsibility for the accuracy of any of the data, the analysis, or the recommendations contained or

referenced in the letter report when the report is used or relied upon by any party other than the Village of

Barons, or for any project other than the proposed development at the subject site. Any such unauthorized

use of this letter report is at the sole risk of the user. Use of this letter report is subject to the terms and

conditions stated in EBA’s Services Agreement. EBA’s General Conditions are provided in Appendix B of

this report.
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FIGURES

Figure 1 Site Location Plan

Figure 2 Site Plan
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TABLES

Table 1 Soil Analytical Results

Table 2 Groundwater Analytical Results
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08MW01 08MW03 08MW06 08MW07 08MW08 09MW09 09MW11 09MW13 09DUP01*

Petroleum Hydrocarbons

Benzene 0.0009 mg/L 0.005 nd nd 0.068 nd nd 0.0017 0.0057 nd nd

Toluene 0.0009 mg/L 0.024 nd nd nd nd nd nd nd nd nd

Ethylbenzene 0.0009 mg/L 0.0024 nd nd 0.036 nd nd nd nd nd nd

Xylenes 0.002 mg/L 0.3 nd nd 0.072 nd nd nd nd nd nd

F1 (C6 to C10) 0.2 mg/L 2.2 nd nd 1.6 nd nd nd 0.1 nd nd

F2 (C10 to C16) 0.1 mg/L 1.1 nd nd 1.7 nd nd 0.1 nd nd nd

Metals

Lead (Pb) 1 mg/L 0.01 nd nd 0.0031 0.0003 nd nd nd nd nd

Notes:
1

Alberta Environment. August 2008. Alberta Tier 1 Soil and Groundwater Remediation Guideline values for residential lands with fine-grained soils.

nt - Parameter not analyzed.

nd - Below analytical detection limits.

ng - No guidelines established.

Bold and Underlined - Greater than the referenced guideline.

* 09DUP01 - Duplicates sample of 09MW13.

TABLE 2: GROUNDWATER ANALYTICAL RESULTS - AMA SITE 9558
26-Mar-09

Parameter
Detection

Limits
Units

AENV

Tier 11

28-Nov-08

Table 2
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APPENDIX A
APPENDIX A BOREHOLE LOGS AND WATER WELL DATABASE

SUMMARY





TERMS USED ON BOREHOLE LOGS

2030-11.cdr

Information presented herein is for the sole use of EBA's client for this project.  EBA is not responsible for,  nor can be held liable, for use made of this

Field Report by any other party, with or without the knowledge of EBA. The contents of this Field Report incorporate and are subject to EBA's report

for this project and it's General Conditions, a copy of which are included in the engineering report and can be provided upon request.

TERMS DESCRIBING CONSISTENCY OR CONDITION

COARSE GRAINED SOILS (major portion retained on 0.075mm sieve): Includes (1) clean gravels and sands, 
and (2) silty or clayey gravels and sands. Condition is rated according to relative density, as inferred from 
laboratory or in situ tests.

FINE GRAINED SOILS (major portion passing 0.075mm sieve): Includes (1) inorganic and 
organic silts and clays, (2) gravelly, sandy, or silty clays, and (3) clayey silts. Consistency is rated 
according to shearing strength, as estimated from laboratory or in situ tests.

DESCRIPTIVE TERM

Very Loose
Loose

Compact
Dense

Very Dense

RELATIVE DENSITY

0 TO 20%
20 TO 40%
40 TO 75%
75 TO 90%
90 TO 100%

N (blows per 0.3m)

0 to 4
4 to 10
10 to 30
30 to 50

greater than 50

The number of blows, N, on a 51mm O.D. split spoon sampler of a 63.5kg weight falling 0.76m, 
required to drive the sampler a distance of 0.3m from 0.15m to 0.45m.

NOTE: Slickensided and fissured clays may have lower unconfined compressive 
strengths than shown above, because of planes of weakness or cracks in the soil.

DESCRIPTIVE TERM

Very Soft
Soft
Firm
Stiff

Very Stiff
Hard

UNCONFINED COMPRESSIVE 
STRENGTH (KPA)

Less than 25
25 to 50
50 to 100
100 to 200
200 to 400

Greater than 400

GENERAL DESCRIPTIVE TERMS

Slickensided  -  having inclined planes of weakness that are slick and glossy in appearance.
Fissured  -  containing shrinkage cracks, frequently filled with fine sand or silt; usually more or less vertical.
Laminated  -  composed of thin layers of varying colour and texture.
Interbedded  -  composed of alternate layers of different soil types.
Calcareous  -  containing appreciable quantities of calcium carbonate.;
Well graded  -  having wide range in grain sizes and substantial amounts of intermediate particle sizes.
Poorly graded - predominantly of one grain size, or having a range of sizes with some intermediate size missing.
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LABORATORY CLASSIFICATION CRITERIA

Poorly graded gravels and gravel-
sand mixtures, little or no fines

Well-graded gravels and gravel-
sand mixtures, little or no fines

Silty gravels, 
gravel-sand-silt mixtures

Clayey gravels, 
gravel-sand-clay mixtures

Well-graded sands and gravelly 
sands, little or no fines

Poorly graded sands and gravelly
sands, little or no fines

Silty sands, sand-silt mixtures

Clayey sands, sand-clay mixtures

Inorganic silts, very fine sands, 
rock flour, silty or clayey fine sands
of slight plasticity

Inorganic clays of low plasticity,
gravelly clays, sandy clays,
silty clays, lean clays

Organic silts and organic silty clays
of low plasticity

Inorganic silts, micaceous or 
diatomaceous fine sands or 
silts, elastic silts

Inorganic clays of high 
plasticity, fat clays

Organic clays of medium 
to high plasticity

Peat and other highly organic
soils
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C  = D /DU 60 10

C  = C

2(D )30

D  x D10 60

Greater than 4

Between 1 and 3

Not meeting both criteria for GW

Atterberg limits plot below “A” line
or plasticity index less than 4

Atterberg limits plot above “A” line
or plasticity index greater than 7

Atterberg limits 
plotting in 
hatched area are 
borderline 
classifications
requiring use of
dual symbols

Not meeting both criteria for SW

C  = D /DU 60 10

C  = C

2(D )30

D  x D10 60

Between 1 and 3

Greater than 6

Atterberg limits plot below “A” line
or plasticity index less than 4

Atterberg limits plot above “A” line
or plasticity index greater than 7

Atterberg limits 
plotting in 
hatched area are 
borderline 
classifications
requiring use of
dual symbols

*Based on the material passing the 75 mm sieve
Reference: ASTM Designation D2487, for identification procedure
see D2488. USC as modified by PFRA
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Equation of “A” line: P I = 0.73 (LL - 20)
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CL

PLASTICITY CHART

SOIL COMPONENTS

FRACTION SIEVE SIZE
DEFINING RANGES OF

PERCENTAGE BY MASS OF
MINOR COMPONENTS

PASSING       RETAINED PERCENTAGE DESCRIPTOR

GRAVEL

coarse
fine

75 mm
19 mm

19 mm
4.75 mm

SAND

coarse
medium
fine

4.75 mm
2.00 mm
 425 mm

2.00 mm
425 m
75   m

m
m

>35 %

21 to 35 %

10 to 20 %

 >0 to 10 %

“and”

“y-adjective”

“some”

 “trace”

SILT (non plastic)
or
CLAY (plastic)

75   mm
as above but
by behavior

OVERSIZE MATERIAL

Rounded or subrounded

COBBLES
BOULDERS

75 mm to 300 mm
> 300 mm

Not rounded

ROCK FRAGMENTS
ROCKS

>75 mm
> 0.76 cubic metre in volume
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Inorganic clays of medium
plasticity, silty clays
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For classification of fine-grained soils and fine fraction of coarse-grained soils.
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GENERAL CONDITIONS

GEO-ENVIRONMENTAL REPORT

This report incorporates and is subject to these “General Conditions”.

1.0 USE OF REPORT AND OWNERSHIP

This report pertains to a specific site, a specific development, and a
specific scope of work. It is not applicable to any other sites, nor

should it be relied upon for types of development other than those

to which it refers. Any variation from the site or proposed
development would necessitate a supplementary investigation and

assessment.

This report and the assessments and recommendations contained

in it are intended for the sole use of EBA’s client. EBA does not

accept any responsibility for the accuracy of any of the data, the
analysis or the recommendations contained or referenced in the

report when the report is used or relied upon by any party other

than EBA’s Client unless otherwise authorized in writing by EBA.
Any unauthorized use of the report is at the sole risk of the user.

This report is subject to copyright and shall not be reproduced either

wholly or in part without the prior, written permission of EBA.
Additional copies of the report, if required, may be obtained upon

request.

2.0 ALTERNATE REPORT FORMAT

Where EBA submits both electronic file and hard copy versions of

reports, drawings and other project-related documents and
deliverables (collectively termed EBA’s instruments of professional

service), only the signed and/or sealed versions shall be considered

final and legally binding. The original signed and/or sealed version
archived by EBA shall be deemed to be the original for the Project.

Both electronic file and hard copy versions of EBA’s instruments of

professional service shall not, under any circumstances, no matter
who owns or uses them, be altered by any party except EBA. The

Client warrants that EBA’s instruments of professional service will

be used only and exactly as submitted by EBA.

Electronic files submitted by EBA have been prepared and

submitted using specific software and hardware systems. EBA
makes no representation about the compatibility of these files with

the Client’s current or future software and hardware systems.

3.0 NOTIFICATION OF AUTHORITIES

In certain instances, the discovery of hazardous substances or
conditions and materials may require that regulatory agencies and

other persons be informed and the client agrees that notification to

such bodies or persons as required may be done by EBA in its
reasonably exercised discretion.

4.0 INFORMATION PROVIDED TO EBA BY OTHERS

During the performance of the work and the preparation of the

report, EBA may rely on information provided by persons other than

the Client. While EBA endeavours to verify the accuracy of such
information when instructed to do so by the Client, EBA accepts no

responsibility for the accuracy or the reliability of such information

which may affect the report.


