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1.0 INTRODUCTION

The following report has been prepared on the subsurface soil conditions existing at the
site of the proposed Administration Building to be constructed within NW-32-56-6-W5M,
in Lac Sle. Anme County, near Sangudo, Alberta.

Autherization to conduct this investigation was provided on November 5, 2014 by
hr. Thomas Chan of MHPM Project Managers inc. The Terms of Reterence for this
investigation were presented in P. Machibreda Engineering Lid. {(PMEL) Proposal
Mo. 1028-2955 dated October 29, 2014, _

The field test drilling and soil sampling were conducted on November 14 2014,
Groundwater monitoring was conducted on November 27, 2014.

2.0 FIELD INVESTIGATION

Seven test holes, located as shown on the Site Plan, Drawing No. 9769-1, were dry
driled using our truck-mounted, continuous flight, solid stem auger dnll rig.
The test holes were 150 mm in diameter and were extended to depths of 3 fo

12 metres helow the existing ground surface.

Test hale drill logs were compiled during test drilling to record the soil stratification, the
groundwater conditions, the position of unstable sloughing soils and the depths at which

cobblestones andfor boulders were encountared,

Disturbed samples of auger cutfings were collected during test driling and sealed in
plastic bags to minimize moisture [oss. The scil samples were taken to our laboratory

for anaiysis.

Standard penetration tests (N-index), ulilizing a safety hammer with aufomatic trip, were
performed during test drilling.

Standpipe piezometers (slotted, 50 mm diameter PVYC pipe) were installed in Test Hole
Nos. 14-4 and 14-5 for groundwater monitaring purposes.

P. MACHIBERODA ENGINEERING LTD.
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30 FIELDDRILL LOGS

The field drll fogs recorded during test drifling are shown plotted on Drawing
Maos. 87659-2 1o 8, inclusive.

The coordinates and ground surface elevation at each Test Hole location was surveyed by
Hamilfon and Olsen Surveys Lid. On November 26, 2014

3.1 Soll Profile

The genera! subgrade soll conditions consisted of a thin layer of topsoil overlying highly
plastic clay underiain by glaciat till, which extended to a depth of at least 12 metres below
existing ground surface, the maximum depth explored with cur test holes at this site.
Crganics (peat) were encountered to depths of 0.6 and 1.2 metres below existing grade in
Test Hole Mos. 14-4 and 14-8, respectively.

3.2 Groundwater Conditions, Sloughing

The test holes remained open and dry during and immediately following test drilling.
A summary of the ground water levels in the installed piezometers have been presented
in Table L.

TABLE|. RECORDED GROUNDWATER LEVELS

;i?; Gro;n;ﬂaf‘:ilg;ace RE::""E?::;?‘:;“ Groundwater Elevation (m)
No. {m} (m) AD November 27, 2014
14-4 688.31 689.261 Dry Dry
14-5 68797 689.162 Dry Chry

Mote:

1. 140 = Immediately After Drilting.

An  examination of Table | revealed that the piezometers were dry on
November 27, 2014, indicating the groundwater level was lower than 12 meatres below

exigting grade {i.e., the extent of our test holes).

P. MIACHIBRODA ENGINEERING LTD.
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It shoutd be recognized that the piezometers may not have achieve static equilibrium.
Higher or perched groundwater condiions could be encountered, particularly after
piezometer equilibrium, and during or following precipitation and/or spring thaw.

3.3 Cobblestongs, Baulders andfor Bedrock

The glacial till consisted of a heterogeneous mixture of gravel, sand, siit and clay-sized
particles. The glacial tilt sfrata also contained sorted deposits of the above particle
sizes. In addition to the sorted deposits, a random distribution of larger particle sizes in
the cobblestone range (60 to 200 mm) and boulder-sized range {larger than 200 mm)

were encountered during test drilling.

it should be recognized that the stafistical probability of encountering cobblestones
andfor boulders in the seven small diameter Test Holes drilled at this sile was low.
Intertitl deposits of cobblestones, boulders, boulder pavemenis and isolated deposits of
saturated sand or gravel should be anticipated. The frequency of encountering suich
deposits will increase proportionately with the number of holes drilled or volume of soil
excavated.

4.0 LABORATORY ANALYSIS

The sail classification and index tests performed during this investigation consisted of a
vieual classification of the soll, water contenis, unit welghts, Atterberg limits and grain size

distribution analyses.

The results of soil classification and index tests conducfed on representative samples of
soll recovered from this site have been plotted on the drll logs alongside the
cotresponding depths at which the samples were recovered as shown on

Drawing Mosg, 9769-2 to 8, inclusive.

The resulis of the grain size distribution analyses are shown plofted in Appendix B.

P. MACHIBRODA ENGINEERING LTD.
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5.0 DESIGN RECOMMENDATIONS

Based on the foregoing outine of soil test results, the following foundation design
considerations and recommendations have been presented.

51 Design Considerations

it is understond that the proposed Administration Buiiding will be approximately
2,500 square melres {27,000 square feet) in plan area, with an adjacent parking lot that
will accommodate 60 vehicles. |t is also understood that the building may have a 2 to
3 metre deep basement, approximately 372 square metres (4,000 square fest) in plan

area.

The general soil profile consisted of top soil or organics (peat) cverlying clay jollowed by
glacial till. The subgrade soils are frost suscepiible and the average depth of frost
penetration for the Sangudo, Alberta area is approximately 2 meires (1.5 metres for
unheated structures). The installed piezometers were dry on November 27, 2014,
indicating that the groundwater level was lower than 12 meires below existing grade.
Higher or perched groundwater conditions may be encountered duting or following

precipitation events or snowmelt.

A deep foundation system consisting of drilled, cast-in-place concrete piles andfor belled
cassions should perform satisfactorily at this site.  Altematively, driven, steet pipe piles or

helical screw plles coutld aiso perform satistactorily at this site.

The near surface subgrade soil conditions consisted of highly plastic clay. Shallow
foundations and grade supported concrete floor stabs based on highly pfastic solis would
be subjected to differential movements associated with seasonal variations in the natural
mnisture content. As such, a shallow focoling foundation is not recommended at this site.
If some differential movement cannot be tolerated for grade-support concrete floor slabs, a
structural floor stab should be constructed.

P. MACHIERODA ENGINEERING LTD.
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Recommendations have been prepared for site preparation; drilled, cast-in-place concrete
piles/hetled caissons; driven steei pipe piles; helical screw piles; limit states resistance
factors and serviceability; floor slabs; foundation walls and drainage; lateral earth
pressures; excavations and de-watering;, grade beams, foundation concrete; site
classification for seigmic site respohse and asphalt concrefe pavemetit .

5.2  Sie Preparation

Up to 1.2 matres of organics {peat) was encountered within the building footprint. Al
organics, topsoll, unsuitable fill material and deleterious materials should be removed
from the building foolprint and parking areas. Staining and oot intrusion from the
ovetlying organle material and roots may be encountered during excavation within the
subsurface mineral soils. If these conditions are suspected, a representative of the
geotechnical consultant should inspect the site during excavation to verlfy the depth of
surficial soils which should be removed in-preparation of the site for construction. See
Appendix C for further informaticn in regards to topsoil composition and soil structure.

The design subgrade elevation should be levelled and compacted to the following

minimum density requirements.

Buitding Area - 98 percent of standard Procter density at optimum moisture
conient;

Roadway and - 96 percent of standard Proctor density at optimum moisture

Farking Areas content;

Landscape Areas - 90 percent of standard Proctor density at optimum moisture
content.

Subgrade fll, if required, should preferably consist of granular material or
non-expansive fine grained soils. The fill should be placed in this lifts (maximum
150 mm ioose) and compacted to 98 percent of standard Proctor density at optimum
moisiure content. The subgrade fill should be approved by the Geatechnical Consultant

pricr to placement.

The site should be graded to ensure positive site drainage away from all structures.

P. MACHIBRODA ENGINEERING LTD.
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53 Drlled, Cast-In-Place Concrete Piles and/or Belled Caissons

Drilled, straight shaft, cast-in-place, reinforced concrete piles may be designed on the
hasis of skin friction only. Belled caissons may be designed on the hasis of skin friction
and end bearing capacity.

The ultimate skin friction bearing pressures of the undisturbed soil are as follows:

TABLE . SKIN FRICTION BEARING PRESSURES (DRILLED PILES)

Zone {metres) Ultimate Skin Friction Bearing Pressure (kPa)
Oto2 0
2io 12 45
Below 12 70
Notes:
1. To minimize frost heave potential, skin friction piles should be extended to a

minimum depth of & metres below finished ground surface.

2. Piles should be reinforced.

3. A minimum pile diameter of 400 mm is recommended for the primary structural
ioads.

4. The pite holes should be filled with concrete as soon as practical after dnfling.

5. Casing may be required where groundwater seepage conditions are encountered

to maintain the pile holes open for placing of the reinforcing steel and concrete.
As casing is extracted, concrete in casing must have adequate head fo displace

all water in the annular space.

8. A minimum centre-{o-centre pile spacing of not less than three pile diameters is

recaommended.

P. MACHIBRODA ENGINEERING LTD.
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7.

A representative of the Geotechnical Consuliant should inspect and document

the installation of the drilled, cast-in-place concrete piles.

TABLE lll. END BEARING PRESSURE {BELLED CAISSONS)

Depth {metres} Ultimate End Bearing Pressure {kPa})

Below 12 850

MNotes:

1.

End bearing caissons designed on the basis of 650 kPa should hear on
undisturbed, naturaliy deposited tiff glacial .

For determination of skin frictlon capacity, the effective shaft length for belled
caigsons may be taken as the depth of embedment of the straight sided portion
of the pile shaft, minus a length equal to the pile diameter {i.e., the bottom-most
portion of the pile shaft is negiected to account for interaction with the beli}.

End bearing caissons should be inspected to confirm the removal of Inose,
disturbed soil prior to placing concrete and steel.

Caisson shafts should be reinforced.

Concrete should be placed as soon as practical after cleaning the bell.

Cazing may he required where groundwater seepage and sloughing conditions are
encountered to maintain the pile holes open for placing of the reinforcing steel and
concrete.  As casing is extracted, concrete in casing must have adequate head to

displace all water Ih the annular space.

£nd bearing caissons may be belled at the base fo a maximum of three fimes the
shaft diameter.

P. MACHIBRODA ENGINEERING LTD.
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8 The height of the bell should he desighed to provide adeguate concrete to
distribute the unit stresses info the concrete without over-stressing the outer,

non-reinforced concrete within the bell.

9. Full time Inspection by a representative of the Geotechnical Consultant,
amployed directly by the Orwner, is required to confirm pile bearing pressures and
to document the installation of each end bearing caisson.

54  Diven, Open-End Steet Pipe Piles

Driven, opan-end stee! pipe piles may be desighed on the basis of skin friction and end
bearing capacity. The ultimate skin friction and end bearing pressures for driven, open-

end steel pips pites have been presented in Tables IV and V.

TABLEIV. SKIN FRICTION BEARING PRESSURES (DRIVEN, PIPE PILES)

Zone {mefres} Ultimate Skin Friction Bearing Pressure (KPa)
Oto 2 }
2012 40
Below 12 70

TABLE V. END BEARING PRESSURES {DRIVEN, PIPE PILES)

Zohe {metres) Ultimate End Bearing Pressure {kPa)

Bejow 12 900

Motes:

1. A minimum pipe wall thickness of 8 mm is recommended.

2. To minimize the potential for frost jacking, driven, open-end steel pipe piles

should have a minimum embedment length of 6 metres.

3 A minimum pile spacing of three times the shaft diameter is recommended.

P. MACHIBERODA ENGINEERING LTD.
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4. If a high driving resistance should be encountered at a significantly shallower
depth than the calculated minimum length required for the design fpad, then it
may be necessary to drill out the soil from within the open-end pipe pile to
achieve the minimum pile design embedment length. If the pile terminates at a
depth significantly iess than the design length, the pile capacity should be

reviewed by the Geotechnical Consuitant.

5, Piles should not be subject to additiona! driving if the following termination criteria

has been met.

TABLE VL. TERMINATION CRITERIA {DRIVEN, PIPE PILES)

Nominal Pile Mlmr;ltim **Energy per Termination Criteria

Diameter Thickness Hammer Blow (Hammer Blows for

{mm) {kilojouies)” 25 mm Penetration)

(mm}

195 8 25 4
21¢ 8 30 4
250 5 30 4
300 9.5 30 8
400 95 35 6
500 12.5 40 B
600 12.5 40 8

*MNote: 1 foot-pound-force = 1.356 Joules
* Maximum driving energy 500kJiem? of end steel area.

6. A pre-bore diameter of at least the pile diameter plus 50 min should be used
through the depth of fill andfor frost penetration. Yhere piles are pre-hored and
subject to lateral loading, the pre-bore annulus should be restricted to 90% of the
pite diameter to ensure fuli contact between the pile shaft and surrounding soil.

7. The installation of each pile and the elevation monitoring of each pile within nine
pile diameters which could be affected by the installation of adjacent piles should
be deocumented during construction by a representative of the Geotechnical
Consultant. Each pite should be inspected for damage as a resuit of the driving

operations and for the accumutation of water.

P. MACHIBRCDA ENGINEERING LTD.
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8. After inspection of the pile is complete and upon remaval of any accumulated water
in the pipe, the pipe shoutd he filled with wet cast {minimum 100 mm skump}
25 MPa concrete. [f it is nat possible to remove the water from the pipe pile, then
the concrete should be placed using a tremie, or an anti-washout admixdure could
be added to the wet mix concrete to minimize segregation of the concrete in the

water.
55  Helical Screw Piles
Hellca! screw piles are installed by rofating a stes! pipe, equipped with one or morg helix
flightings, into the ground. Due fo the dense hature of the sand and potential for

shallow pile termination, piles with multipie helixes are not recommended af this sife.

Pile capacity is derived from shearing resistance along the pile shaft (i.e., skin friction}

as well as end bearing capacity of the helix.

The ultimate skin friction and end bearing pressures for the designh of screw piles have

heean presented in Tables VIl and VIl

TABLE VIi. SKIN FRICTION BEARING PRESSURES (SCREW PILES)

Zonhe {meires) Ultimate Skin Friction Bearing Pressure (kPa)
. e - . 5 -
2t012 25
Below 12 b

TABLE VIIl. END BEARING PRESSURES (SCREW PILES)

Bepth Ultimate End Bearing Pressure {(kPa)
{metres betow existing grade} Compressive
61012 550
Below 12* 900

* Serew piles must achieve a minimurm installation lorque to confirm penetration into stiff glacial i,

P. MACHIERODA ENGINEERING LTD.
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Motes:

1. Single helix screw piles should extend to a minimum depth of 5 metres below
grade or HID = 5 {whichever is greater), where H = depih to the helix, D = helix

diameter.

2. For determination of skin friction capacity, the effective shaft fength {Ler} may be
taken as the depth of embedment of the pile shaft (to the top of the helix, H)
minus a length equat to the diameter of the helix (D), Lt =H-D - 2.

3. End bearing capacity may be calculated utilizing the overall cross-sectional area
of the helix.

4, A minimum centre-to-centre pile spacing of 2.58, where B=helix diameter, is
recommended.

5. The helical plate shall be normal to the central shaft {within 3 degrees) qver its

entire length.

6. Continucus monitoring of the instaliation torgue should be undertaken during
installation to determine whether the screw pile has been damaged during
installation and to monitor the consistency of the subsurface solls.

7. Screw piles should be designed on the basis of conventional static analysis using
the provided bearing pressures presented in Tables Vil and VII} and appropriate
resisiance factors as presented [n Section 5.6 Installation torque should be used

for monitoring purposes only and not for determination of pile capacity.

8. A representative of the Geotechnical Consultant should inspect and document

the installation of each screw pite on a continuous basis.

P. MACHIBRODA ENGINEERING LTD.
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5.6  Limit Siates Resistance Factors and Serviceability

As per the Natlonal Building Code of Canada - NBCC (2010), the following resistance
factors (®) may be applied to the uliimate bearing pressures presented in the previous

sections of the report:

s Deep Foundation:
o Compressive Resistance, ® =04
o Uplift Resistance, =03

For Limit States Design (LSD), a seftlement analysls of the foundalion must alsc be
evakiated to ensure the structure is not hegatively impacted by excessive settlement at
the design ioad. This is alse known as Serviceability Limit States {SLS) when designing
oh the hasis of LSD.

For pile foundations, provided the foundation is designed using the appropriate factors
of safety o resistance factors presented above, the amount of settlement of a deep pite
foundation at the design load will be smali and within folerable limits. Hence, settlement
typically does not govern in the majorily of cases of deep pile foundation design. The
exception to this would be the case where belled caissons are employed to carry the
foundation load and a large bell diameter is required. Foundation settlement should be

evaluated for this scenario.

57  Floar Slabs
5.7.1 Grade-Support Floor Siabs

The near surface subgrade soils consisted of highly plastic clay. Grade-supported floor
slabs bearing on highly plastic soils have the potentlal to underge some differential
movements related to seasonal volume changes in highly plastic clay.

Providing a positive drainage alongside the foundation, extending downspouts well
away from the building and eliminating irrigation alongside the foundation would serve
o minimize the potential for increasing soil moisture content adjacent to the foundation

and potential swelling.

P. MACHIBRODA ENGINEERING LTD.
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The subgrade highly plastic clay soils shouid also not be allowed to dry out during the
construction to minimize shrinkage and subsequent swelling upon wealting.

Since the amount of slab movement depends on many factors (i.e., swelling potential of
the ctay, existing overburden pressure, existing soi! moisture regime, availability of free
water, etc.) and is difficult to quantify, measures should be taken to accommodate
potential sweliing by constructing structural elements such as partition walls, staircases,
grade beams, columns, efc. independent of the slab. If some differential movement
cannot be tolerated, a structural floor slab should be constructed

The foltowing minimum provisions should be incerporated into the design of heated,

grade-supported, cast-in-place, reinforced concrete slabs.

1. Prepare the site in accordance with Section 5.2, Sie Preparation. Provide a
minimum of 150 mm of crushed granular base course material between the
subgrade soil 2nd underside of the fioor slab.

2. Level and compact the upper 150 mem of the subgrade soil to a minimum of
98 percent of standard Proctor density at oplimum plus 2 percent moisture
comient. Cover the prepared subgrade with approved fill material as soon as
possible to minimize the polential for drying of the subgrade sols.

3. Excavate soft subgrade arcas and replace with sultable, non-expansive fill,
placed and compacted fo 98 percent of standard Proctor density at optimum

moisture content.

4. if required, place subgrade fili {i.e., granular fifl or non-expansive, fine grained
s0il) thin lifts (maximum 150 mm loose) and compacted fo 86 percent of standard
Proctor density at optimum moisture content.

5. The granular base course should be placed in thin lifts (150 mm {oose,
maximum) and compacted to 98 percent of standard Proctor density.

P. MACHIBRODA ENGINEERING LTD.
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B. The modulus of subgrade reaction for the prepared subgrade and compacied
aranular filt will be in the order of 35 MN/m®.

7. Isolate the slab from foundation walls, columns, etc., by means of separation
jaints.
8. Reinforce the concrete slab and articulate the slab at regular intervals to provide

for controlled cracking.

g. Provide positive site drainage away from the proposed structures. Extend the
downspouts a minimum of 3 metres away from the foundation.

10.  Fioar stabs should not be constructed on desiccated, wet, or frozen subgrade goil

or base.

11.  Frost should not be aliowed to penetrate beneath the floor slab just prior to,

during or after construction.

5.7.2 Structural Floor Siabs

A struciural floar can be constructed on compressible void filler. A continuous sheet of
polyethylene plastic should be placed between the compressible void filler and the
concrete floor. Due the highly plastic nafure of the ciay soils on site, the structural floor
slab should be designed at & minimum to resigt the pressure it fakes fo compress the void
filer. The compressible void filler should be installed in accordance with the

manufacturer's specifications.

5.7.2 Basement Floor Slabs

Basement floor slabs bearing on highly plastic clay have the potential to undergo some
differential movements associated with moisture fluctuations in the soil proflle.

P. MACHIBRODA ENGINEERING LTD.
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Since the amount of slab movement depends on many factors (i.e. swelling potential of
the clay, existing overburden pressure, soll moisture regime, availability of free water,
efc.) and is difficuit to guantify, measures can be taken to accommodate potential
swelling by constructing structural elements such as partition walls, staircases, grade
beams, columns, ste. independent of the shab.

A minimum thickness of 300 mm of compacted granular filt is recommended beheath
the slab. To facllitate drainage, the fill should consist of well graded, clean drainage
aggregate as specified in Table IX. Fili placement and compaction shouid be
undertaken in accordance with the recammendations presented above. A palyethylene
vapour barrer is recommended beneath the skab to separafe the slab from the

underlying fil.

TABLE IX. GRADATION REQUIREMENTS — DRAINAGE AGGREGATE

Sieve Designation {mm) Percent Passing

25.0 100

10.0 60— 100

50 44 — 50

20 20— 80
0.800 0-563
0.400 0-32
(.160 0—-10
0.080 0-3

A sump pit(s} is recommended below basement fioor sfabs to collect any itee water
which may accumulate beneath the floor, and, to collect water from the perimeter
drainage system. The surface of the subgrade should be positively graded towards the
sump pit(s). The sump pit(s) should be perforated to allow water to drain in from the

sub-slab drainage layer.

Any water collected in the sump pitiweeping tile drainage system (i.e., sudace runoff
water that infiltrates alongside the foundation walls andfor groundwater} should be
directed well away from the buitding {minimum distance of 10 metres is recommended).

P. MACHIERODA ENGINEERING LTD.
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The depth below grade and size of the basement area {if one is to be constructed) was
not known at the time of cur invesligation. If the basement levei is constructed near the
elevation of the groundwater table and/or encompasses a large area, inclusion of
weeping tile within the draihage agaregate is recommended to expedite drainage to the
sump pit{s).

5.8  Foundation Walis and Drainage

Subsurface foundation walls should be designed to resist lateral earth pressure exerted
by the backfill, as well as the horizontal pressure induced by any surcharge loading.
The laterat earth pressure may be calculated on the basis of an equivalent fluid
pressure distribution of 15.7 KN/m? {100 pef) if the existing subgrade soils are used for
backiilt against the wall. For walls backfilled with imported, clean, free-draining granular
fill, the lateral earth pressure may be calculated on the basis of an equivalent fluid
pressure distribution of 8.4 kKN/m® (60 pcf). The surcharge loading should be calculated

on the basis of actual loads.

The lateral earth pressure loading assumes that the backfill will be placed in thin liffs
{maximum 300 mm lgose), will be lightly compacted and a peripheral {perforated pipe;
drainage system will be installed alongside the foundation walis with the invert elevation
set af the base of the wall.

The draihage pipe should be posiiively drained into a sump pit{s) equipped with an
attomatic sump pump(s). The perforated drainage pipe should be at least 100 mm n
diameter, installed on non-woven geoctextile capabte of transmitting a flow of not less
than 50 litres per second per square metre (ASTM D-4491) placed on the undisturbed
foundation soil or free draining sand, as may be required for levalling.

The geotextile should be used fo encapsufate at least 300 mm (above invert) of clean,
drainage aggregate. In the zone 300 mm above the drainage pipe invert elevation to
withfn 500 mm of ground surface, the fill should consist of clean, free-draining granular
matetial containing less than 5 percent materlal finer than 0.080 mm. The uppermost
500 mm of backfill should be clay or other iow permeability material,

P. MACHIBRODA ENGINEERING LTA.



PMEL File No. 9789 December 17, 2014 Page 17

59 {ateral Earth Pressures

The presumptive earth pressures presented in Section 5.8 are recommended for use in
the design of foundation walls. Aliernatively, the following sail parameters may be
utilized in the design of walls subject to faterat loading.

TABLE X. EARTH PRESSURE COEFFICIENTS

Effective Angle ‘Earth Prassure Coefflclents Unit Wolght
Soll Type of Internal N
Friction Active (Ki} Passlve I:Kp} At{}z?St lk”’ma}
Clay 20° 0.5 20 1.0 18.5

Hotes:
1. Al-rest earth pressure recommended for design of basement {or other} rigid walls.

For retaining walls, it s recommended to install weep hofes spaced at regular intervals at
the base of the wall to minimize development of excess water pressure oh the back of the
wall. The backfil! alongside the wall shoukl consist of clean, free, draining granutar fill to
promote drainage. Highly plastic clay is not recommended for use as bacifill material
The backiill should be lightly compacted to minimize devetopment of excess pressure on

the wall.

510 Excavalions and Da-Waleting

It is anticipated that proposed excavations at this site will be completed with unbraced,
sloped side walls. The long term stability of the excavation walls will be affected by
wetting and drying of the exposed excavation walls, the length of time that the
excavation remains open and consistency and structure {degree of fracturing,

slickensiding, etc.) of the subgrade soils.

Temporary excavations should be designed and excavated in strict compliance with rnules
and regulations of Alberta Cccupational Health and Safety Act (OH & S). The Contractor
is solely responsible for protecting excavation by shoring, sloping, benching andfor other
means as required to maintain the stahility of bath the excavation sides and the bottom.
The required conformance standards are detailed in Qccupational Health and Safety Code
2009, Part 32, Sections 441 {0 455, inclusive.
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The subsurface conditions at this site have been classified as per OH&S (Section 442)

and have been presented in Table Xl

TABLE X1. OHES SOIL CLASSIFICATION

Matertal Type OH&S Soil Classification PMEL Recommended Slope
Clay/Glacial Tilt Likely to crack and crumble HAY

The highly plastic clay and glacial till soils are considered low permeable. Therefore, any
groundwater seepage into open excavafions shouid not be significant and readily handled
using perimeter drainage trenches directed to sump pits equipped with sump pLmps.

511 Grade Beams

Grade beams should be reinforced at both top and boitom throughout their entire
jength. Grade beams should be constructed to allow a minimum of 150 mm of net void

space between the underside of the grade beam and subgrade soil.

512 Foundation Concrete

The results of water soluble sulphate testing conducted on soit samples racovered from
the subject site have bean summarized in Table XII.

TABLE XI. WATER SOLUBLE SULPHATE TEST RESULTS

Test Hele | Depth . Water Soluble Degree of Sulphate
No. {m} Soil Type Sulphate (%) pH Exposure
14-6 6.0 Clay 0.010 7.63 MNegligible
14-7 7.5 Clay 0.090 7.83 Negligibte

An examination of Table Xl revealed that the measured sulphate contents were 0.010 and
0.080 percent for the two samples tested. Although the pofential degree for sulphate
attack is negligible based on the results of the testing, it is possible that higher sulphate
cancentration exist at different depthsflocations at this site. Therefore, as a minimum, it is
recommended to design the foundation concrete in contact with the subgrade soils on the
basis of a Class 83 Exposure. All concrete at this site should be manufactured in

accordance with current CSA standards.
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513 Sile Classification for Seismic Response

Based on the consistency of the subgrade soils encountered at thiz sife and
Table 4.1.8.4.A of the 2010 National Buliding Code, the site classiflcation for seismic

site response falls within Class .

514 Asphalt Concrete Pavements

The following minimum recommendations shoufd be incorporated into the design of the

asphalt concrete pavement andfor gravelied structures.

1. Prepare the site in accordance with Section 5.2, Site Preparation.

2. Scarify the upper 150 mm of the subgrade soil, molsture condition and compact to
96 percent of standard Procior density at optimum moisture content.  If wet and/or
unworkable areas of weak subgrade are encountered, the soft areas should be
excavated and replaced with non-sxpansive fine grained soiis and compacted to
96 percent of standard Procior density.

3. The need for special measures {i.e., overexcavation, gectextile, geogrid, cement
stahilization andfor grave! fill) in soff areas musi be subject to review by the
Geotechnical Consultant during fisld construction. Based on the actual
conhditions encountered at the time of construction, the pavement structure may
need to be modified to accommodate the construction equipment and the
intended use. To minimize disturbance of the subgrade scil, all necessary
excavation should be performed with a backhoe or gradall equipment.
The excavating/hauing equipment should not be allowed to fravel on the
prepared subgrade. The use of light equipment will be required for moisture
conditioning, levelling and compaction of the uppermost 150 mm of the subgrade
at final design elevation. The granular sub-base should be placed by the end-
dump method to avoid heavily loaded traffic on the prepared subgrade.
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4. As a subgrade suppart, the California Bearing Ratio (CBR) rating of the
compacted subgrade soil should be In the order of 3. Based on the CBR rating,

the foliowing pavement structures have been presented in Table Xiil.

TABLE Xlif. THICKNESS DESIGN FOR PAVEMENT STRUCTURES
oawy Tk | eduminue | rraokassenger
avemert | losang | Loaang | VOIS e Whee
(5,400 kg) (3,180 kg} 1,830 kg)
(mm) {mm) (m)
*Agphalt Concrete 100 5 65
Granular Base 200 160 160
Granular Sub-Base 300 225 160
Prepared Subgrade {150) {150} {1560}
Tofal Thickness 600 450 365

* Use 2:1 equivalency for granular substitution of asphalt coherete.

5. Subgrade fill, if reguired, should preferably consist of granular soit or
hoh-expansive, fine grained soils. Subgrade fill should be placed in thin lifis
{150 mm loose, maximum) and compacted to at least 96 percent of standard

Practor density at optimum moeisture content.

6. Alt granular fill placed above the subgrade elevation should be placed in thin lifts
(150 mm loose) and compacted to a minimum of 98 percent of standard Proctor
density. The granular base and sub-base course material should meet the

follawing aggregate gradation requirements presented in Table XIV.
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TABLE XIV. AGGREGATE GRADATION REQUIREMENTS

Percent Passing
Graln Size {mm)
*Base Course **Sub-Base Course
50.0 -- 100
50.0 -- 65-100
25.0 100 38-100
20.0 8297
16.0 7094 32-85
10.0 h2-79
50 A5-64 20-65
1.25 18-43
0.630 12-34
0315 5-26 6-30
0.160 5-18
{.080 2-10 2-10
Plasticity Index (%) 0-6 0-8
% Fracture (min.) a0 --

*Alberta Transportation — Designation 2, Class 25
*Alberta Transpottation — Designation 6, Class 80

7. Positive surface drainage is recommended fo reduce the poiential for moisiure
infitltration through the pavement/gravel siructure.

8. Surface water should be prevented from seeping back under the ouler edges of
the pavement/gravel structure.

8. Periadic maintenance such as crack sealing will be required for asphalt concreie

pavement. For gravelled structures, periodic grading will be required to maintain
the desired riding surface.
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6.0 LIMITATIONS

The presentation of the summary of the field drill logs and design recommendations has
been completed as authorized. Seven, 150 mm dlameter test holes were dry drilled
using a continuous flight auger drifl rig. Field drill logs were complled for the Test Holes
during test drilling which, we believe, were representative of the subsurface conditions
at the Test Hole locations at the time of test driliing.

Variattons in the subsurface conditions from that shown oh the drilt logs at lecations
other than the exact test hole:locations should be anticipated. If conditions should differ
fiom those reported here, then we should be notified immediately In order that we may
examine the conditions in the field and reassess our recommendations in the light of

any new findings.

No detectable evidence of environmentally senslive materials such as hydrocarbon
odour was detected during the actual time of the field test drilling program. If on the
basis of any knowiedge, other than that formally communicated {o us, there is reasen to
suspect that environmentally sensitive materials may exist, then additional test holes
should be drilled and samples recovered for chemical analysis.

The subsuiface investigation necessitated the drilling of deap test holes. The test holes
were backfiled at the completion of test driling. Please be advised that some
settlerment of the backfll materials will occur which may leave a depression or an open
hole. It is the responsibility of the client to inspect the site and bacldill, as required, to
ensure that the ground surface at each Test Hole location is maintained leval with the

existing grade.
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This report has been prepared for the exclusive use of MHPM Project Managers Inc.
and their agents for specific application to the proposed Adminisiration Building to be
constructed within NW 32-56-6-\W5M, in Lac Ste, Anne County, near Sangudo, Albetta. It
has been prepared in accordance with generally accepted geotechnical enginesring

practices and no ather warranty, express or implled, is made.

Any use which a Third Parly makes of this report or any reliance on decisions to be
made based on it, is the responsibility of such Third Parties. Governing Agencies such
as municipal, provincial or federal agencies having jurisdiction with respect to this
development and/or construction of the facilities described herein have full jurisdiction
with respect to the described development. Any cther unspecified subsequent
development would be considered Third Party and would, therefore, require prior review
by PMEL. PMEL accepts no responsibility for damages, If any, sufiered by any Third
Party as a result of decisions made or actions based on this report.

The acceptance of responsiblity for the designfconstruction recommendations
presented in this report is confingent on adequate ancfor full time inspection
{as required, based on site conditions at the time of construction) by a representative of
the Geotechnical Consultant. PMEL will not accept any respensibility on this project for
any unsatisfactory performance if adequate andfor full time inspection is not performed
by a representative of PMEL.

If this report has been transmitied electronically, It has been digitally signed and
secured with personal passwords to lock the document. Due to the possibility of digital
modification, only originally signed reperts and those reports sent directly by PMEL can
be relied upon without fault.
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We trust that this report fulfills your requirements for this project. Please contact our
office if you should require additional information.

P. MACHIBRODA ENGINEERING LTD. SERMIT TO PRACTICE
P. Machibroda Engineering Ltd.
Signature P s

Date 22— 2= T

PERMIT NUMBER: P-5862

The Association of Professional Engineers
and Geoscientisis of Alberta

Graham Baxter, P.Eng.

NF:GB:zz:clb
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LEGEHD:

CEPTH TEST HOLE 146 5

e
< 3
rer”

N__U Yw Pw Lw w ELEV: 688.6
b ; TOPSOH., orgonics, peat, some

elay, soft, molst, black ... WATER COMTEMT
335 {PERCEMNT OF DRY SOIL WEIGHT)

g —some cloy below 900 mm, b, LIQUID LIMIT

; Pu...PLASTIC LIMIT
: CLAY, some silt, stiff, highly ¥

plastic, molst, grey, gypsuin Hv'ﬁ’ET UNIT WEIGHT {ki/m?)

: chystads,
; U.....UNCONMANED COMPRESSIVE
STREMGTH (kPa)

pp...POCKET PERETROMETER (kg/cim)

N.....STANDARD PENETRATION TEST
{ SAFETY HAMMER w/AUTOMATIC TRIP)

50/125 m BLOWS/SAMPLER
PENETRATION [mm]}

50, ...SULPHATE CONTENT
{FERCENT OF ORY SOIL WEIGHT)

P200..% PASSING Mo, 200 SIEVE
LAD.LGMMEDIATELY AFTER DRRLING

<Z..RECORDED WATER LEVEL
{TEST HOLE 1AL}
12 187

R A - W._RECORDED WATER LEVEL (FIEZG)

u &

. SHELSY  SPLT  CUTTINGS
i TUBE SPO0k

6 -+ e R LIMITATIONS: THE FIELD ORILL LOG 13
A SUMMARY OF THE SUBSURFACE
CONDITIONS ENCOUNTERED AT THE
SPECIFIC TEST HOLE LOCATION AT THE
TIME_OF TEST DRILLING, SUBSURFACE
CONDITIONS MAY VARY AT OTHER
LOCATIONS OF THIS SSTE AND, IN_TIME.
MAY CHANGE AT THIS SPECIFIC TEST
HOLE LOCATION.
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LAGIAL TILL, clay, soms gl LAC STE ANNE COUNTY

v race sand, trace grovef, stiff,
madium plastic, molst, drey, NEAR SANGUDO, AB

gyosum crystal, oxide stained. NORTHING: 5072002 EASTING: 540161
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TEST HOLE 14-7

ELEV: 687 .2

TOPSQIL, black, rootiets.

CLAY, some silt, stiff, highly
plastic, muolst, grey, gypsum

cryshals,
~gome organles to G600 mm,

—very gtff balew 2.0 m.

—stitf below B0 m.

—ng 2t below 9.5 m,
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LAGIAL TILL, clav, some silt,
oma sdhd, trdee gravel, stiff,
edivim plasthe, moist, orey.
WNOTE:
1. Teat Hole open to 120 m ond
o[ dry LAD

=brown hetwesen 2.3 m and 50 mo

LEGEND:

LN

WATER CONTENT
(PERGENT OF DRY SOIL WEIGHT)

LIS LT
..PLASTIC LIMIF
L WET UNTE WEIGHT {kN/m7}

L. UNSONFIMED COMPRESSIVE
STRENGTH (kPo}

..POCKET PENETROMETER (kg/cin’)
M....STAMDARD PENETRATION TEST
SAFETY HAMMER w/ALTOMATIC TRIP)
30/125 = HLOWS/SAMPLER
PENETRATION [mm])

5y .....SULPHAFE CONTENT
{PERCENT OF DRY SOIL WEIGHT)

P200..% PASSING Mo, 200 SIEVE
LAD.... IMMEDIATELY AFTER DRALING

..RECORDED WATER_ LEVEL
{TEST HOLE 1.4.D.)

W .RECORDED WATER LEVEL (FIEZO}

’4*4
a“

'\..—"'\./

We.s

mE X
SHELBY SPLIT CUTTIMGS
TUBE SPOON

LIMITATIONS: THE FIELD DRILL EOG IS
A SUMMARY OF THE SUBSURFACE
COMDIMIONS ENCOUNTERED AT THE
SPECIFIC TEST HOLE LOCATION AT THE
TIME OF TEST CRILLNG. SUBSURFACE
COMDITIONS WMAY VARY AT OTHER
LOCATIONS OF THIS SITE AMOD, [N TIME,
M&Y CHANGE AT THIS SPECIFIC TEST
HOLE LOCATION.
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CLASCSIFICATION QF SOILS

Coarse-Grained Sails: Soils containing particles that are visible to the neked eye. They include gravels and
sands and are generally referred to as cohesionless or non-cohssive eoilz.  Coarse-grainad soila are soils
having more than 50 percent of the dry weight larger theh particle size 0.080 mm.

Fine-Grained Soils: Soils containing particles that are not visible to the naked eye. They include silts and
clays. Fine-grained scils are soils having more than 50 percent of tha dry weight smellar than particle size
0.080 mm.

organic 2oils; Soilz contalning a high natural organic content.

Soil Classificatlon By Particle Slze

Clay — parficles of size = 0,002 mm
Slit — particles of size {.002 — 0.060 mm
Sand — paricles of slze 0.06 — 2.0 mm
Gravel — particles of gize % 05— &0 e
Cobbles — particias of giza 60 — 260 mm
Boulders — parlicles of slze =200 mm-

TERMS DESCRIBING CONSISTENCY OR CONBITION

Coarse-gralned soils: Des=crlbed In terms of campaciness condilion and are often interpreted from the results
of & Standard Panetration Tast (SPT). The standard penstration test is descrined as the number of blows, M,
tenUuirad to drive & 51 mm outside diameter {$.0.) split barrel sampler inte the soil a distance of 0.3 m {from

.15 m o 0.45 m) with a 63.5 kg weight having a free falt of 0.76 m.

Compactness SPT N-Index
Conditicn {blows per 0.2 )
Wery loose 0-4

Loose 4-10

Compact 10-30

Dense an-60
Vary danse Oher S0

Fine-Grainad Soifz: Classified in retation fo undrained shear strength.

Undrained
. Shear M Valua
Cansistency Strength (Approximate) Fleld ldantiffcation
{kPa)
Yary Soft =12 n-2 Easly penelralad sevaral cantimeatlias My the fist,

Soil 12-25 24 Zasily panetrated soveral cantmobras by the thumb.

Iinm 25.50 4-8 Can be pencirated several cenlirmetres by b thurmds wilil neoderale eforl,

L300 &0-100 B-15 FHewdity indented by the thumb, b panetrated onby with graal affort,

Yery Shli 100-200 TR-30 Raadily indantad by the thumb nail.

o >200 =30 Inctenled wilh difficully by the thumbeel.

Organic 5oils: Readily identified by colour, odour, spongy feel and frequently by fibrous textura.
CRIFTIVE TERMS COMMOMLY USED TC CHARACTERIZE

Poorly Graded - predominance of particles of one grain size.
Well Graded - having no excess of paricies in any size ranga with no intermadiate slzas laeking.
fatiled - tnaried with different colpured spods,
Nuggety - struckure consisting of small prismatic cubes,
Laminated - shruciure consisting of thin feyers of varying colour and texiure.
Slickensided - having inclined planes of weakness that are stick and glossy in appearance.
Fissitrad - containing shrinkage cracks.
Frachread - broken by randomly oriented interconnecting cracks in all 3 dimensions.

Mt P ELY=nred Temacn e e

P. MACHIBRODA ENGINEERING LTD.




S0IL CLASSIFICATION SYSTEM (MODMFIED U.S.C.}

MEAJOR DIVISIGH SROUF TYPICAL DESCRIPTION LABORATORY CLASSIFICATION CRITERIA
IHGHLY DRGANIC SULS Pt PEAT ANI {ITHER HIGHLY ORGANIC SCHLS FTRUNG COLOUH R GROUA AND OFTER EIRRGUS TEXTURT
E b aw [WELLGRADEU GRAVELS, GRAVEL SAND Cu=Du™d C, =D =13
= - SLEAN GRAYELS ‘ MIETURES  <5% FINGS Oy Dok Do
L] .
g |.a8|or _
g ﬁ 5 e [POORLEGRADED SRAVELS AL GRAVFLGAND NOT MEETING ALE ABOVE REQUIREMFSTS FOR WY
z [23% —
% E o 5 b M f:;g;mgtw. GRAVEL-SAND-SILT MIXELRFS ATTERAFRE: | HITS BELOW "A LINC Rt M = &
38 E’ I ERAYELS GLAYEY G.RM.I'F] &, GRAVEL-SAND-CLAY
E % i i ao [ R ATTCRECRS LIMITS AHGYE A= LIRE WITH P=7
58 .
Ew g4 oy |WELL-GRAUED SANDY, GRAVEL Y RANDS Cu= Db =i =13
E o] g W CLEAN SANDS MIXTURES  ~i% FINES Ty L 2 iy
£ £
x> E .
8 5 1 % % g L‘Qﬁ:ﬂ;“”’m AANDE DR GRAVELLY SANDE NOT MEETEMG ALL CRADATION RECIUIEEMER TS FOR W
2 :
o
: 32
; E H e E%EF?;@E&M””'“'T MILTURES ATTERICRA LTS BELGV A" LINE Ot P < 4
o % RIRTEY BANDS
& _ .
g § “ gy [PLAYEY SANOS, SAND-CLAY B ILRES AT FEHBIERSG LIMITS ABOVE "A” | INF WITH L 7
3 1 2% FINES
we | INORGANES 51LTS ANG VERY FINE SANDS, ROCK W <8
S8 FLOUR, SILTY SANDS OF SLESHT PLASEICLTY L
[+ Ectoy A7 Erus ez plasiicly ehadt;
= nieqligiide afyanke contsnt Wil INQORGANE SILTS, MICACEOUS O Y, > 50
3 MHATOMACEDUS, FINE SANEY OH 3iL1Y SOILY :
[ '8
L INOEFANIG CLAYS CHF LOW FLASTICITY, ]
g E g BL |l GRAVELLY, SANDY. DR SIE1Y CLATH, LEAN CLAYY <30
g8 L AYE ] -
=k § Abaug ‘A" e an prastizity charl; Gl ga“.r:mm CLAYS OF WEDIUM FLASGITY, $IETY W =30 = 5
E s § neqegilee oranis oontent
-
i H | NORGANIC CLAYS OF HIGH FLAS LITY, FAT I
¥ g Ho s L
I
ORGANIG SILTA AND ORGAMIC SILTY CLAYS OF .
B aL W, = 50
g SREANIE SILTS B RUGANIC LOW PLASTIGITY
cLaTS
Hek A N o WRicy thad | Lapn aNic CLAYS OF INGH TLASTICATY W, =50

Bl s crmma e 4 = e 0 s e n e — TR i T - ——
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ASTM D422: GRAIN SIZE ANALYSIS OF SOIL

P. MAGCHIBRODA
- ENGINEERING LTD.

APPENDIX B-1

Project: FPROPCSED ADMMISTRATION BUILDING
WIETHIN NW-32-56-6-WEM, LAC S5TE. ANNE COUNTY, NEAR SANGUDO, AR
Project No.: g75%
Date Tested! MOVEMBER 15, 2014
Test HoleNo.: 5
Santpla No,; 28
Denth ) 3.4
151eye Analveis: Seve  Dianocter % Hyelramtats: Analsbs: Diarneter T
mm Firer mm Fmer
1.5 381 100 Tispersing Agenk: O 0&2y B5.0
™ 5.4 140 Satkurr HevarmelapospRals [ (k385 wma
[ 43,1 THIth [ 0774 TrE
{1y Y 100 tied 773
e L 100 LIETY B
*4 475 100 0.0 76.0
210 2 101 0007 728
ka0 .85 100 nnns2  GRs
# 40 0425 BIG 0003 646
#id 025 T oodzr  e0.2
¥ 100 014 A nonra 536
¥ 20 0075 971 ootz S04
Waterlal Eescrlptlon:
%o Gravel Sizes % Sand Sizas " Silt Slzas " Clay Slizes
1] 3 34 53
Remarks: o i m e -
s SOV (R SAND SKES BILI ALY CLAY Sl
o | bee Conen | Medhen _ | _mwe_ [ .
iy »| e i
- o o, :
00 4 .:I" s Ly H.'\l_'_ . _:i.li.: : Lad L=l #30 Al _M]I:I_ Arhd *200
o (N N
[,
&l = I
. al
[ = L] [
\
]
3 m\
'I'.'L.: e _ _ —|. - - — ] - !-..\___\___#_
§ 40 =l — —
[1S
40 4=
|
ao JEN |-
i
B : 1l
] 0 1 R ] L] .00
Graln Slze [mm)
DRAWING NO.




ASTM D422: GRAIN SIZE ANALYSIS OF SOIL

Project: PROPDSED ACMINIGTRATION BUILDING _
WITHIN MW/ -32-56-5-WVEM, LAC STE. ANME COUNTY, NEAR SARGUDO, AB
Projact No,; S7ES
Ciate Testacd: MOVEMBER 19, 2014
TestHoleMo.: ©§©
Sample No.: 31

Depth (m}: 6.0
Sjave Analysie: Gieve Diameler % Hydromatar Analysls: [HiAmetar T
M Finer L Finnes
10" 341 10d} Dicpeqsing Agonl 1.0454 g2
" .4 UKt Soditin Flexarmetaphospiate 00353 956
W 19.1 1K 00250 950
1irs 1 104 M My
KL 95 100 nmFF waT
+4 4.7 L U112 c R o
#10 a2 1 (WIS [F I
#20 a5 LY DOd4E  Bhb
#an DA G0 . oaoxs 8oy
K80 025 1010.0 DOmE 70
¥ 14E) ni5 ann namy  BrA
# 200 GOFe 1000 oo 0¥
Aaterat I‘Jescrlpﬂon:
% Gravel Sizes % Send 5izes T SNt Sl2es T3 Clay Bizes
o 0 22 68
[Remarks: L .
L CRAVELSIZES SANL dtebs SILT AND GLAY 857FS
Coresire ] Fine Gonge {1 wMemen  ome B
[ »la __ et o e e ol
I T "I' il
= S 1" Au Akt i w10 £ el /0 R0 =200
1Dﬂ - e g —r 3]
‘0'-—-&._*_‘“““‘
o i \’\
o — = HH =Y
d \\
- —- 314 | |- -
[ =
] H
= - L 1 LE _ - \‘
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g 40 = =t
o
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o L -
10 -] . o] - = e
u] L1 by, RS [ I I I I A
10 U 1 nd o 0001

Graln Slxe {mm)

DRAWING NO.
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ASTM D422; GRAIN SIZE ANALYSIS OF SOIL

- P. MACHIBRODA
- ENGINEERING. LTO.

APPENDIX B-3

Project: FROPOSED ADMIMISTRATION BUILDHNG
WAITHIN NYY-32-56-6-WW 50, |AC STE. ANNE COUNTY, NEAR SANGUDO, AB
Project No.: 97ED
Date Tested: NOVEMBER 19, 2014
Test Hole No.: 5
Samphe No.: 34
Depth [m]): 10.5
Sjeve Anakyals: Giewe Diameter % Hysfrgmear Aralysls: Diameler B
mm Fines (L)) Fieaer
1.8 a1 L4 Diaparsing Agend- LSS bHBE
I 254 100 B He o taphospiate 0.0420 b5z
LI 10014 100 0.0300 024
1 127 100 0.0Xi4 46,7
K1 84 00 0.0156 438
#4 475 100 0.0145 A1.0
i 10 ) ghils] Doda  are
# 20 0.85 af DOOBD 36
40 0.425 03.0 00042 LR
#A0 025 A4S oo AR
f# 100 0.1% ¥ih 0.2 242
¥ 20 D075 08,0 DA 234
Watéral Deseripiion:
" Gravel Slzes % Sanc Slzes % Silf Sizas o Clay Slzes
1] 3 44 25
Renarks: - ) )
{RANEL S5 EANDEIIDS BIL1 AN GLAY HIZES
Coame [ Fpe Coeirse [ #edum Fire: e
e ol 0 p——————
[ I
100 i Fa ! ] #IIJ_-_H_\-:Z{-_. } :R.'lll 'IHI _#Jliﬂ _ L]
Tl
ao | | T _
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o - - \\ -
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E i - \'51 - =
E il \ 1
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Fal
an | - Pl
\_“_H_o
20 ¢ T — o=
10 . | - -
. JULEL o _
101 0 1 1R | L8] 0.0l
Grain Slze {mimn}
DRAWING NO.




APPENDIX C

TOP SOIL, ORGANIC MATTER AND ORGANICS
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