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Aftention:  Mr. Bob Lapham — Geaeral Manager of Development Services

Dear Bob;

Re: - Block 564, Nanoose District
Oificial Community Plam and Zoning Bylaw Amendpent Application

In response to your letter of 21 DdoberzﬂDQregﬂdingomﬂfﬁcialCommunityﬂanandZoning
mmmmm;mwmmﬁmmmmam
564, we are pleased to provide the following information for your review and consideration:

1)
2)
3)
9
5)
6)
T
%)

6 copies of our revised development concept and land use summary;

a brief discussion of the policy context;
ﬁmﬁﬁnfageotuhnicalassmnmmmedbymﬁngimeﬁngﬂmulm
Lud.;
ﬁmp&ﬁofhh)ﬁogwlogimlmmtfurmwmmby
EBA Engincering Consultemis Lid.;
ﬁmpiuufmmﬁmnmmlmmmpmedbyEBAEnﬁming
Consultants Lid ;
ﬁmpieaofalﬂterﬁomMr.}ﬁckadﬂmnlmoﬁhehﬁnimomempwhﬁm;
material regarding our Stakeholder Information Meeting dated 11 December

a completed Community and Site Impact Review Form.

Rhmmﬂﬂmﬁngﬁumnsﬁsfmmreﬁmnfﬂﬁsmmiﬂbyﬁekeﬁmﬂmmm
thechinmIDistﬁctwﬂlbehoHingaPubﬁnhfmmﬁonMwﬁngonSﬂImyIDﬂl
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1. Revised Concept Plan and Policy Context
Based upon the initial responses that we have received to date from both Regional District staff
and the community representatives that attended our Stakeholder Meeting, we have made 2
significant adfustments to our Concept Plan, briefly described as follows:
4} The bare iand strata cluster housing concept for the south east comer of the site has
been removed and has been replaced with conventional minimum 1 ha fee simple
~lots. In so doing, the overall lot yield has been reduced by 20 from 178 to 158
b) The internal dedicated greenway bas been extended to include linkages to the small
wetland in the south east comer, and to the Craig Creek riperian comridor. This results
in an increase of 35 acres in the overail green space component in the public domain
from 250 acres to 285 acres, equating to 32% of the entire property.

One issue that was mised in the letier relates to conformity with the policy framework of the
existing RDN Growth Management Plan. We belicve that Policy 3B - Opportunities for
'wmwwmmofﬂmmm&ijm&em

ing development
arcas to respect same.  Our proposal clearly recognizes the Eoglishman River, Craig Creek, and
the small wetland as environmentaily sensitive areas and provides for said areas to become part
of the public domain. The "oper space subdivision™ design that we have pursued will cleaty
provide for an enhanced approach to environmental protection compared to the alternative
approach of developing the lands in accordance with current zoning regulations, that being 20
acyes parcels.

Ancther issue that was raised pertains to comparing our proposed development concept with the
20 acre subdivision approach. While the 20 acre conventional subdivision approach is clearly
less oneous to us from an approval and infiastracture perspective, it cormpares poorly to our
proposed development from an environmental perspective. The conventional approach would
result in no land being dedicated in the public domain other than road allowances. This would
meen thet the Englishman River valley world be held by a number of private parties, and while
portions of the vafley may not be developable for buildings, the land could be used for a ammber
of resource type aclivities as permitted under the current Zoning Bylaw. We believe that the
protection that would be gained for the Enplishman River valley in exchange for the clustered
type of riral development that we are proposing is the type of balanced tradeoff’ that focal |
govearnments should be pursuing.

2. Geotechnical Asscssment .

EBA Engincering Consultants Ltd. condacted a geotechnical assessment of the site to determine
whether there are particular arcas of the sits that may be subject to harardous conditions. Please
note that the lot numbers referenced in the assesament are those from our coument subdivision
application with the Ministry of Trmsportstion. We apologize for any inconvenience.

thwmﬂmﬂmmwmhﬂmhfnﬂuﬁw
2) that a 15 meter building setback be established from the existing crest of slope for the

majority of the upland along the Englishmen River;
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b) that for the area immediately downstream from the confluence of the Englishman and
South Englishman Rivers, the building setback be determined by:
i) surveying a line that is at a slope of 2 horizontal to 1 vertical from the edge of
the rivexr where the river is at the foot of the slope; or
if) establishing the building setback as 15 meters;
whichever is the greater; and
¢) that other than for the specific area noted in e (b), the 15 meter setback could be
reJaxed based upon site specific investigation.

We would expect that these recommendations would be incorporated within a 219 restrictive
covenant.

3.  Conceptual Storm Water Management Plan
AEum‘nuﬁngComﬂmLﬁ.hhtheprmofumpleﬁngamnacpmgmm
menagement plan for the proposed development as a means of demonstrating that storm water
discharge can be adequately managed. Upon completion of the report, we will forward a copy
to the Regional District for review. Preliminary observations are as follows:

a) A review of soils data indicates that the majority of the property is covered by free-
draining granular soil. These soils are well suited to infiltration of stormwater using
best management practices. (G.e soak away pits, infiltration basins, swales). Locally,
in the southern portion of the site, the soils are silty in texture which are not well
suited to infiltration of stormwater; and :

b) The approach for stormwater management is to take maximum advantage of the
opportumity for infiltration of stormwater to the ground. This has the advantage of
helping maintain the low flows in the Englishman River via groundwater discharge in
the valley slopes. The south eastern comer of the property liscs within the watershed
of Craig Creek. In this arca, a wet detention pond (i.e. biofiltration wetland) may be
used to attenuate stormwater peak flows, filter suspended solids prior to discharge,
and provide additional wildlife habitat,

4. Hydrogreological Assessment for Water Supply
In our initial submission, we noted that we would be serving each lot with an individual well.

Upon further consideration, and based upon comments provided by Regional District staff, we
have decided to pursue a community water system as the method of water supply.

EBA Enginearing Consultants Ltd. conducted a hydrogeclogical assessment for water supply
study for the proposed development, the intent of which is to demonstraie that there is a
sufficient supply of potable water to serve the proposed development. The following is a brief
description of the stndy’s key findings:
a) an extensive confined aquifer has been identified beneath the site (Lower Aquifer),
similar to other aquifers that are nsed as the primary potable water supply on the east
coast of Vancouver Island between Laptzville and T
b) the analysis indicates there is a very high probability that the Lower Aquifer can
sustzin long-term pnmping to meet the required demand of the proposed
development;
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€)

d)

mmmmmmmmmgmmwumu-
smtedfordomucmnsmnpuon,mmgmzmgﬂmtmunmtmaybemqmmdfnr
aesthetic reasons;

based upon computer simulations, long-term pumping (i.e. 50 years) of the Lower
Aquiferhmaetmeddgnmquhtmmuofﬂnsubdiﬁsinnmaypmdmdnwdm
in the order of 1.0 to 3.5 metres in existing domestic wells located in the Lower
Aquifer and directly adjacent to the proposed subdivision. This represents about 3 to
12%ofﬂn30mﬂnsofavnﬂabl=drawﬂowninthmweﬂsmdisnutanticipaiadto
mmeinﬁfummdeﬁhnmﬁllyeﬁeﬂopuaﬁmofmsﬁngweﬂa
Imu-dmwdnwnwwldomurinweﬂsatincmaﬁngdimﬁomthcpmpom
subdivision. mmmmmmawmm&mmmm
would result in drawdowns that would probably be significantly less;
lmg-Mpmphgofthe[oquniferisnﬁmﬁdpaﬁadhsigniﬁcanﬂyeﬁectlow
ﬂﬁwsinthuexhﬁlgmur:nm-EnglishmanRiver,Smﬂ:EngﬁshmanRimor
Craig Creek; and.
ﬂnﬂuminlh:EngﬁﬂmmnRivﬁ,SuuthEngﬁshmmRimananigﬂmek
(particularly the iow flows) will be influenced to a greater degree by absorption of
wastewater and stormvwater than doe to pumping of the Lower Aquifer, however no
significant impacts to water quality of the Englishman River, South Englishman River
and Craig Creek are anticipated from wastewater and stormwater.

5. Environmental] Asséssment
m&mmmmmmmmnfmmm
property, the intent of which is to identify the key environmentally sensitive features and the
measzures that should be pursued to protect such features. The following is a brief description of
cach of the key conclusions and recommendations:

a)

b)

Mohg-%mmmwmmmmﬂnmmc&gﬁshmmkiw,
Craig Creck and a small imnemed wetland. The following setbacks are recommended
to protect water resources (including fisheries):

i) Englishman River - 2 15 m. setback from the top-of-bank;

ii) Craig Creek - a 15 m. setback from the top-of-benk; and

iii)  Unnamed Wetland - a 15 m. setback from the winter high water mark;
Hydrogeology - Results of the modelling indicate that if recommendations are
followed in this report, there will be no impacts from significant changes to water
quantity (ie. flows) or water quality (ie. putrient/ pollutant loading) to the
Englishman Rives, unnamed wetland or Craig Creek;
Vegetation - The entire site has been extensively logged. While thers are 3 areas of
"DHme'(lﬂﬂ-liﬂm)mdeﬁmdbylmgimlSmsiﬁwEwaymm
(SED), the areas have been logged in the eastern postion of the site, To protect Old
Fomstmms,iti:mmm;nmdedﬂmtairﬁotoimupmﬁmbammp&ﬂadmd
identified areas be subject to appropriate protection;
Fisheries - Fish habitat was found within the Englishman River containing 6 species
nfmlmm,rainhowandmmhmathwt,DoﬂyVmﬂenandavaﬂetyofmﬁsh
Ctﬁg&ﬂekdmmthwamﬂofmadrommﬁshmmﬂslmdtﬁghmyhﬂ
maﬁmm&emmﬁﬂmﬁhﬂﬁ&hﬁmgmmm&ﬂ
bearing waters. In order to protect fisheries valoes on the site it is recommended that
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profection of the Englishman River and Craig Creek corridors be pursued with non
distnrbemce setbacks as outlined in ftem (2) above; and
¢) Wikllife and Blodiversity — Since the site has been previously logged and cleared
biodiversity importance is the riparian corridor surmounding Craig Creek, the wetland
and the Englishman River. In order to protect wildlife values on the site, it is
recommended that:
1) & rapior nest survey be conducted within proposed development areas
prior to clearing;
iy eavironmental corridors be maintained linking the Englishman River,
Craig Creek, and unnamed wetland riparian areas and adjacent greenspace
(i.e. ALR lands); and
iti)  areas of high wildlife values, biodiversity and containing potentially rare
and endangered specics be preserved within the Englishman River
comidor, Craig Creek corridor, Cld Forest area and unnamed wetland area,

In reviewing owr revised Concept Plan, we have adhered to the recommendations from our
environmental consultant. We are also prepared to enter into 219 resirictive covenants to
provide further protection.

. 6. Stakeholder Information Meeting - December 11, 2002

On 11 December 2002 we invited a monber of interested parties to a mecting at the Istand Hall at
which we presented and discussed our proposed development concept. Approximately 50 people
Mdﬁcm&nghnhﬂhgambuofwnﬁghbmmalmgw[mmmuﬁm
from various environmental organizations, and members of various property owner associations,
We had invited representatives from the City of Parksville and the Nanoose First Nation, but
neither organization was present at the meeting. A copy of the attendees and the notes from the
meeting are attached.

The meeting was very useful for ourselves because it helped us further understand the varions
mmﬁmﬁm&mmwgmbywmﬂwhmw.
The following is a brief summary of the key issues raised at the mesting:

* iree protection on private land;

* concerns regarding cluster housing area in south east comer;

* impact of development and new water systemn on existing water supplies — Englishman

River and Rascal Lape wells;

* iransportation impacts of the development;
drainage and flooding impacts of the development;
keeping of domestic lfivestock and associated impacts on surface and groundwater
SOUTCES; .
alternative access for emmergency vehicles;
impact on adjacent ALR land;
verious types of impacts on Rascal Lane properties; end
geotechnical concems along top of escarpment.
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The various sindies that we have conducted as so previously described address a number of the
technical issnes. In removing the cluster housing concept, we have responded to those who has
expressed concem.

Regarding transportatiom impacts, we have aitached a letter from the Ministry of
Transportation as 30 requested by the Regional District. The letter states that:
a) the proposed development will not impact operation of the Craig Bay interchange;
and

b) the Kaye Road intersection should continue to operate adequately.

Concerning the impact of the keeping of domestic livestock on the water respurce, it is ouwr
understanding that the Regional District’s current zoning regulations permit the keeping of
domestic livestock (ic horses, goats, cows, cfc.) on residential properties provided that the lot
size is a minimum of 1 ha. However there are apparently no specific reguiations addressing the
mmnber of animals that may be permitted. This is an item that we are discussing amongst
ourselves as to how this issue could be better managed. Should the Regional District have any
thought on this issue, they would be most welcome.

At the meeting we provided an opportanity for mnyone who attended to provide written
comments on our proposal. Unfortunately we did not receive many comments, but those who
did respond indicated the following:

. good balance of enrvironmeatal and development interests;

don’t exterwd Rascal Lane and remove cluster housing;

establish setbacks from top of bank of escarpment for septic field

access for eco-fourism opportunity; and

impact of development on water quality and drainage.

We have also been apprised of a letter from one of the propesty owners on Rascal Lane of their
concems with the proposal.

To conchude, this letter and the accompanying reports attempt to address our understamding of
the various issues raised in the yoor letter dated 21 October 2002 and those maised at the
Stakeholder Information Meeting. We look forward to discussing this material with Regional
District staff on 15 Jamary 2003 and in presenting it to the commmmity on 30 January 2003.

Yours truly,
Jerry Bordian
Artachmenis:

¥y Revised Concept Plan and Land Use Summary
2 Geotechnical Assessment — EBA Engineering Consultants Ltd
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3)  Hydrogeological Assessment for Water Supply Study — EBA Engineering
Consultants Lid

4) Environmental Assesxment — EBA Engineering Consultanis Ltd

5) Letter from Mr, Nick Vandermolen of the Miristry of Transporiation

6} Notes and Sign In Sheet: Stakehoider Information Meeting — December 11, 2002
7} Commumity and Site Inpoct Review Form

cc:  Brent Kapler - Englishman River Land Corporation
Michael Rosen - Planning Consultart
John Balfour - EBA Engineering Consultants Ltd.
Tim Bekhyus - EBA Engineering Consultants Ltd.
Gilles Wendling - EBA Engineering Consultants Lid.
Glen Darychuk- Khangura Engineering Ltd.
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1.0

INTRODUCTION

Texada Land Corp. (TLC) has recently purchased a property approximately 362 ha in
size located near Parksville on Vancouver Isiand (See Figure 1) and is in the process
of applying to the Region District of Nanaimo (RDN) to rezone the property. The
goai of the rezoning application is to create a number of smail acreage (2.5 acres and
larger) residential building lots as well as some denser cluster-type dwellings.

It is proposed to develop on-site septic systems for disposal of domestic wastewater
from the housing developments on the property. During an initial meeting to discuss
the rezoning appiication, the RIDN expressed a concern over the potential for septic
systems to detrirnentally effect water quality in the adjacent Englishman River. It is
understood that an intake for river water may be established on the Englishman River
in future to provide additional water supply to customers within the regional district.

TLC retained EBA Engineering Consultants Ltd. (EBA) to perform a preliminary
hydrogeclogical assessment of the property and proposed development. The
objective of this work is te provide an assessment of the suitability or limitations of
the site for development of on-site septic systems and to provide comments and
conclugions relating to the potential for septic systems to detrimentally alter river

water guality.
The scope of EBA’s assessment involved the foilowing:
e rteview of topographic plans and conceptual layout drawings for the
proposed subdivision;
» areconnaissance of the property;

v interpretation of stereo-paired aerial photographs to identify the probable
types and distribution of soils across the site, drainage features, unstable or
potentially unstable slopes and related surficial geologic features that may
influence septic systems or land development generally;

= excavation and [ogging of 13 test pits dug using a mechsmmical excavator;

» coilection of flow and water quahty data for the Englishman River from
government sources; and,

= preparation of this report.

&
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2.0

3.0

SITE AND PROPOSED DEVELOPMENT

The property is irregular in shape and is bounded along the morth by the Isiand
Highway and aieng the west by the South Englishman River and Englishman River
(see Figare 2}. Present land use in the surrounding area is a mixture of undeveloped
forest, residential, agricultural and industrial. Residential and agricuitural properties
bound the property to the cast. New residential developments are under construction
on the southern boundary of the property. A permitted woodwaste disposal site is
under operation by Weyerhauser, the previous owners, at the northern limit of the

propeTty.

Based on topography, the site can be divided into three distitct areas: 1) the valleys of
the South Englishman River and Englishmen River and adjacent slopes; 2) the flat-
lying central and northemn portion of the property; and, 3) the gently to moderately
sioping southern portion of the property.

A conceptual layout plan for the proposed development is prasented in Appendix A.
The primary features of the proposed development plan include:

= A park along the river valieys:

¢ 134 acreage (2.5 acres and larger) properties located in the porth and
southwestern area of the property;

» four larger acreage properties; and,

+ a cluster development (40 dwellings) located in the southeast part of the
property.

The acreage lots would be served by on-site septic systerns and drilled water wells. The
cluster development would be served by a community septic system and water system
developed from on-site groundwater sources (i.e well or well fieid),

SOILS AND DRAINAGE

A recent aerial photograph of the property superimposed with interpretation of
surficial soils and other terrain features is presented on Figure 3. The interpretation
of soils and terran features i3 based on the BC Terrain Classification System. A
legend indicating the terms nsed for the terrain classification is presented on Table 1.

A

eQ
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As described above, 13 test pits, distributed across the property, were excavated to
provide first hand observations of the soils and to supplement and confirm the aerial
photograph interpretation. Records of the observations in the test pits are included in
Appendix B. Test pit observations were aiso supplemnented by observations of soil
exposures on slopes in active and inactive gravel pits on the property and review of
selected water well records (Appendix C}.

Soils

Like thie topography, soils on the property can be divided into three general regions.
The central and northern flat-lying portion of the property is underlain by deposits of
sand and gravel of glaciofluvial origin. It has been extracted for aggregate from pits
during construction of the Island Highway and at other times. Although the full
thickness of the sands and pravels was not determined during this study, they exceed
the depth of the test pits (2.4 t0 3.7 m deep) at test pit locations TP-6 through TP-13,
inclusive (Figure 2). In the Ministry of Highways gravel pit located on the north side
of the powerlines, sand and gravel is exposed in slopes estimated to be in excess of 5
m in height. The well log for well 50036, located near the north end of the property
indicates 21 m {70 feet) of sand and gravel underiain by silty blue clay.

The fver valleys are underlain by recent alluvial material. The eastern slopes of the
river valley are likely composed of sands and gravels similar to those described
ahove. Some minor evidence of instability was identified from the aerial photographs
on the outside bends of the Englishman River where the river is undercutting the base
of the slope (see Figure 3 and Table 1). Although the interpretation of the aerial
photographs suggests that the slope instability is localized and would not pose a
significant limitation to the proposed development, this should be examnined by a
qualified geotechnical engineer in order to provide recomumendations for building
development near the crest of the valley slopes,

The southeastern gently to moderately sloping portion of the property is underlain by

2 mantle of granular soils (sand, gravel, sand and gravel). The granular soils ranged

from about (.9 m to 1.6 m thick at the test pit locations (TE-1 through TP-5,
inchsive) excavated in this area of the site. The gramilar soils are underiain by siit
with variable amounts of sand and gravel.

Drainage

There are two primary drainage features associated with the site: 1) the South
Engtishman River and Englishman River described above; and, 2) Craig Creek that
flows across the southeast comer of the site (Figure 2).

A number of drainage ditches have been developed adjacent to roads and trails
located on the property. With the exception of ditches located in the extreme

F =

e0Q
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4.0

4.1

southeast corner of the property, these ditches were dry at the time of EBA’s site
reconnaissance on July 9, 2000,

Standing water was observed at a depth of several metres below grade in the Ministry
of Transportation and Highways grave] pit located adjacent to the powerlines.
Standing water was also observed at somewhat shallower depth in an inactive gravel
pit located about 150 m northwest from location TP-6.

Based on the granular nature of the soils and moderate precipitation in the Parksville

aren, the majority of precipitation is expected to infiltrate. Consequently, drainage .
ditches are only expected to contain flow intermittently.

HYDROGECLOGICAL ASSESSMENT

The goal of the hydrogeological assessment is to provide conmnpents and conciusions
regarding the potential of septic sysiems constructed for the proposed development to

 detrimentally alter water quality in the Englishman River. This is evaluaied in the

context of use of the river water as a future drinking water source. The assessment
consists of three parts that are described in more detail below,

General Principles of Septic Systems

Household septic systems are in widespread use in British Columbia for disposal of
domestic wastewater. The basic components of the system are a septic tank and
drainfield. The septic tank is used to separate sclids from the wastewater and to
provide anaerobic (oxygen deficient) treatment of the wastes. The drzinfield is used
to distribute the liquid into the soils where further treatment occurs as the wastewater
infiltrates through the soils eventally reaching the watertable.

There are a variety of treatment processes that occur in the soil. Examples of
treatment processes that ocowr in the soil beneath the drainfield include:

e filtering (removal) of suspended solids in the wastewater in the pores of
soil;

s+ conversion of ammonia to nitrate under the presence of aerobic (oxygen
rich) conditions above the watertable; '

« removal of pathogens (i.e. harmful bacteria and viruses) by filtering as the
wastewater flows through porespaces in the soil.
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4.2

In cases where the water table is close to surface, or pervious soils are thin, adequate
treatment may not occur and wastewater may emerge on the ground surface prior to
treatment For the subject property, soils are granular in nahire and wel} drained.
Therefore, “shortcircniting” of wastewater to the ground surface is considered highly
ulikely.

Setback Distances From Sarface Water

The BC Heaith Act Sewage Disposal Regulation (SDR) for small systems and the
Municipal Sewage Regulation for large systems govem the siting and design of septic
systemns in British Columbia. The SDR and MSR specify a minimum setback {MSR)
distance between a drainfield and surface water of 30 m. This is intended to be
protective of water quality in the surface water system. In gemerai, the greater the
travel distance between a drainfield and the receiving water that the groundwater
discharges to, the higher the level of treatment that occurs.

In certain areas of the province, for example, the lakes in the Okanagan, surface water
has been identified as very susceptible to nutrients (e.g. phosphorous) found in septic
system wastewater. In these areas, designated as “Environmental Contro Zones”, the
SDR was modified to include increased setbacks of up to 150 m from surface water.

Therefore, in certain instances where surface water is identified as particularly
vulnerable, there may be a required setback of up to 150 m. Three topographic
profiles have been prepared and are shown on Figure 4. The locations of the sections
are presemted on the site plan, Figure 2. Setback distances of 30 m {minimum
required under the Health Act) and 150 m (maximum required under the Health Act
within an Fnvironmental Control Zone) are indicated on the profiles (Figure 4).
Considering the conceptual layout plan {(Appendix A), the nearest septic systems to
the South Englishman River or Englishman River will be Jocated near the crest of the
valley slopes as indicated conceptually on the profiles (Figure 4). As shown, the
setback distances from the rivers are considerably larger than the most stingent
regulatory requirements {i.¢. within an Environmental Controi Zone).

Based on the above, it is concluded that setback distance are protective of water
quality for parameters such as pathogens in the river water. It is also noted that river
water naturally will contain pathogens such as coliform bacteria and that treatment
{e.z chlorination) is a normal requirement for any surface water system used in BC
for municipal water supply.

Although it was not specifically part of EBA’s terms of reference, it is noted that
there are also setback requirements from a septic field and a water well used as a
drinking water source. These setback requirements are addressed in the Health Act
and also through guidelines used by local health offices. These requirements can be

V=

eqQ
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met by proper siting of drilled wells on the propesed building lots and must normally
be demonstrated as part of the subdivision approval process.

Nitrate Loading To Englishman River

Nitrate is a chemical parameter associated with domestic wastewater that is alsc
regulated in drinking water for health reasons. An estimate of the loading of nitrate to
the Englishman River was prepared, using a set of highly conservative assumptions,
as part of this assessment. This assessment consisted of the following steps:

1. the loading of nitrate was determined for a single septic system;

2. the total nitrate loading was determined by multiplying the loading from a
single septic system by the proposed total number of dwellings in the
development (178 dwellings — see layout plan, Appendix A);

3. . the concentration of nitrate in Englishman River was caleulated based
upon both mean monthly low flows and mean monthly dischargs rates
measured at gauging stations in the river;

4, the resulting concentration was then compared with both ambient nitrate
© concentrations measured in the rver and the dm:llﬂng water limnit for
nitrate (10 mg/1 expressed as N).

Supporting caiculations complete with references for sowrces of information and
assumptions showing the predicted nitrate loading to the Englishman River are
preseated in Appendix D, These calculations are considered to be conservative for
the following reasons:

» the calculations assume that 2lf groundwater drainage from the proposed
development will discharge into Englisheman River. In fact, some
groundwater deainage may Jow towards Craig Creek or towards the
Straight of Georgia;

» the assumed nitrate strength of 40 mg/L is considered to be conservative
(i.e. relatively high) based on our experience with numerous similar
projects throughout BC;
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» the assumed discharge rate to the septic field is 1364 L/day/dwelling

(design value for three bedroom house from Health Act). Our experience

- indicates that actual flow rates tend to be smaller. For example, in a recent

study completed by EBA for the nearby community of Lantzville, actual

water consumption {excluding sumuner irrigation demand) ranges from
approximately 430 to 860 L/dzy per dwelling. '

Based on the above conservative assumptions, the nitrate loading from the proposed
development could result in an increase in the nitrate concentration in the Englishman
River of up to 0.09 mg/L. during the low flow period in the Englishman River. This
would correspond to the month of Angust when mean monthly discharge rates decline
to 1.26 m%s (Table 2). For comparison, this estimated maximum concentration is
mote than 100 times lower than the drinking water limit for nitrate (10 mg/L as N).

Ag shown in Appendix D, the average predicted nitrate concentration in the river
(corresponding to average monthly flows) is 0.01 me/L.. This compares with fypical
ambient levels of nitrate in the river as measured by BC Ministry of Water, Land and
Afr Protection (see Table 2).

30 SUMMARY AND CONCLUSIONS

Based on the investigations and analysis described in this report, development of
septic systems for the proposed development are not anticipated to detrimentally
effect waier quality in the Englishman River. As is the case for any proposed
subdivision, further work will be necessary at the subdivision approval stage to
establish that suitable soils conditions exist on each proposed lot and that water wells
are sited appropriately with respect to proposed septic fields.

Respectfully submitted,

EBA ENGINEERING CONSUAE

3 TD.
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L]
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TABLE 1
Legend For Terraln Classification System

Simple Terrain Unit
surficial material-> Ft  <«surface expressicn
Complex Terrain Unit
unit consists of 60% WGju G6WGjudFG} unit consists of 40% FGj
Stratigraphic Terrain Unit
till mantle is overlying Mw
undulating, hummocky bedrock Ruh

* potentially unstable terrain unit

SURFICIAL MATERIALS
Symbof Name Description

c colluvium Products of mass wastage
F fluvial River deposits

FA fluvial "active" Active river channel

FG glaciofluvial Fluvial materials deposited by meltwater streams
M morainal (till) Material deposited directly by glaciers
R bedrock Bedrock covered by less than 10cm

WG glaciomarnne sediments of glacial origin deposited in a marine

environment
SURFACE EXPRESSION
Symbol Name Description
b blanket A mantle of unconsolldated materials; >1m thick
h hummocky Hillocks and holiows; imegular plan; 27-70%
i gentle slope Unidirectional surface; 8-26%
k moderately steep Unidirectional surface; 50-70%
p plain Unidirectional surface; 0-5%
s steep Stesep slopes; >70%
t terraced Stepped topography and benchliands
u undulating Hillocks and hollows; irregular in plan; 0-26%
¥ veneor Mantle of unconsolidated material: 10 cm to 1 m thick
w mantle of variable Surficial material of variable thickness; 0 to about 3 m
thickness

S:NIB0S-emv\ Projectaid DONSEE 756 L Paricsville Jogend. doc




TABLE 2
Monthly Discharge and Selected Water
Quality Data for the Englishman River

FLOW DATA
Month Mean: Monthiy Discharge gm’fs! {
Jan 20.80
Feb 25.419
Mar 15.83
Apr 13.89
May 11.40
Jun T24
Jul i
ALg 1.26
Sep 1.44
Cct : 9.85
Nav 26.11
Deg 2025
Annual 1270
WATER QUALITY DATA
Sampling Date  Nilvate (NO,) Disscived (mgAL) &
12/05/98 0.007
19/05/99 0.004
14/12/99 0.045
165/11/00 0.032
08/11/01 0.024
Average 0.034

Sources:

(1) Englishman River Watar Allocation Plan, Mov, 1994,
BC MELP Water Mgmi Branch, Vancouver Iskand
Region, Nanmaimg, BC.

{2) Emaidl from Ministry of Water, Land and Air Protection,
dated Juty 18, 2002,

Fle: Engiishrrian flow & wabter quosity x1s






APPENDIX A

CONCEPTUAL LAYOUT PLAN
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APPENDIX B

TEST PIT LOGS
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Test Pit 1

0.00 — 0.30m
0.30 - 0.53m

0.53 - 0.86m

0.86 — 3.20m

3.20-3.40m

Test Pit 2

.00 - 0.43m
0.43 — 0.51m

0.61 - 0.76m
0.76-1.58m

1.58 - 2.44m

2.44 - 2.6%m

-1- July 10, 2002

Test Pit Logs
BLK. 564 Nanoose 1.I)

SAND, fine to medium-grained, some gravel, medium to coarse,
subrounded, brown, loose, dry.

ORGANICS, wood, mots, some silt, some sand, fine-grained, loose,
tlack, damp to moist.

SAND, fine to medium-grained, trace to some gravel, medinm, loose,
reddish brown, damp.
@ (.71m light brown coleur.

SILT, trace of sand, fine to coarse-grained, trace to some organics, soft,
lipght grey, orange streaks, moist.

* Grab sample coilected @ 0.90m

@ 1.22m consistency is stiff.

@ 1.57m beuider encountered, 0.6m diameter. Occasional cobbles with

depth.
@ 2.44m trace of clay, moist.

SAND, medium to coarse-grained, trace to some gravel, trace to some
cobbies, trace of silt, dense, brown, wet.

SAND, GRAVEL & COBBLES, fine to coarse-grained, trace of organics
{rootlets}, subrounded, loose, brown, dry.

ORGANICS, wood, some sand, fine-grained, some silt, loose, black,
moist

SAND, fine-grained, trace of gravel, small, loose, brown, damp.
SAND, fine-grained, silty, soft, light brown, damp.
SILT, sandy, fine to medium-grained, trace of gravel, small, trace of

cobbles, soft, damp tp moist.
@ 2.35m maoist 1o wet.

SILT, trace to some sand, medinm to coarse-grained, trace of gravel, small
to medium, some cobbles, occasional boulders, very stiff, grey, moist

(TILL).
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Test Pit 3

.00 — 0.30m

0.30-1.52m

152 - 2.2%m

2.29-2.59m

2.59 - 2.90m

Test Pit 4

.00 - 0.30m

0.30-0.61m

0.61 — 0.89m

.89 —1.52m

£.52 -2.90m

.2 July 10, 2002

SAND, GRAVEL & COBBLES, fine to coarse-grained, trace of organics
{rootlets), subrounded, loose, brown, dry.

GRAVEL & COBBLES, coarse, subrounded, some sand, fine to coarse-
grained, occasional boulder, loose, brown, damp.

SILT, trace of sand, fine to coarse-grained, trace of gravel, small, stiff,
grey and light brown, motst.

SAND & SILT, fine to coarse-grained, trace of gravel, medium, hard,
muoist to wet. -
* Grab sample collected @ 2.30m

SILT, sandy, fine to coarse-grained, gravelly, medium to anrse, some
cobbles, stiff, brown, moist.

SAND & GRAVEL, fine to coarse-grained, some cobbles, subrounded,
loose, browm, dry.

ORGANICS, wood and roots, some sand, fine-grained, some silt, loose,
black, moist.

SAND, fine to medium-grained, some gravel, medium to coarse, trace of
cobbles, occasionzl boulder, loose, reddish brown, damp.

SILT, sandy, fine to coarse-grained, trace to some gravel, trace of organics
(black cofour), soft, light grey and light brown, moist.
@1.22m consistency ig firm.

SILT, trace of sand, fine to coarse-grained, trace of gravel, small, trace of
cobbles, cccasional boulder, hard, grey and black, damp (TILL).
* Grab sample collected @ 1.55m
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Test Pit 5

0.00 - 0.36m

0.36 - 0.74m

0.74 - 0.86m

0.836 - 1.27m

1.27 - 2.90m

2.90 - 3.05m

Test Pit &

0.00 - 0.38m

0.33 - 1.60m

1.60 - 3.20m

3.20-351m

Tuly 10, 2602

SAND & GRAVEL, fine to coarse-grained, trace of organics (rootlets),
trace of cobbies, subrounded, locse, brown, dry.

GRAVEL, medium to coarse, sandy, fine to coarse-grained, occasional
cobble, subrounded, loose, brown, dry.

SAND, medium to coarse-grained, trace of gravel, small to medivm,
occasional cobble, loose, brown, moist.

ORGANICS, wood and roots, some sand, fine to coarse-grained, some
silt, loose, black, moizt.

SILT, trace of sand, fine to coarse-grained, trace of gravel, soft, light
brown, moist (TTLL}).

@& 1.47m consistency is firm, trace of organics.

@ I.52m large granite bouider encountered.

SILT, trace to some sand, coarse-grained, trace to some gravel and
cobbles, stiff, brown, damp.

SAND, fine to coarse-grained, soroe gravel, medium, subrounded, some
organics {rootlets), looss, brown, dry.

GRAVEL, SAND & COBBLES, medium to coarse, subrounded, trace of
organics {rootlets}, loose, brown, dry.

@ I.12m no organics, occasional boulder encountered.

*Grab sample collected @ 1.52m

SAND, coarse-grammed, some gravel, small, trace of cobbles, subrounded,
loose, brown, moist (o wet, .

SAND & GRAVEL, coarze-grained, loose, brown, moist.
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Test Pit 7

0.00-041m

0.41 - 1.42m

i42-2.59m

Test Pit 8

0.00-041m

.41 - 1.98m

1.98 -3.35m

Test Pit 9

0.00-091m

0.91 - 2.36m

2.36 - 3.28m

July 10, 2002

SAND, very fine-grained, trace of gravel, small, trace of silt, loose, light
brown, dry.

SAND, medivm-grained, trace of gravel, small, homogeneous, loose,
yellowy brown, damp to moist.

SAND & GRAVEL, coarse-grained, loose, brown and grey, moist to wet.
@ 1.98m trace of cobbles, small
@ 2.24m aquifer encountered, heavy groundwater seepage.

SAND, GRAVEL & ORGANICS (roots), fine-grained, trace of silt, loose,
black, damp.

SAND, GRAVEL & COBBLES, mxdium to coarse-grained, subrounded,
leose, brown, damp.

SAND, coarse-grained, some gravel, small to coarse, some cobbles, loose,
brown, damp.

@2.21m medinm to coarse-grained, trace of gravel, medium, occasional
cobble, loose, vellowy brown, moist.

@ 2.90m some gravel, mediom.

SAND, GRAVEL, COBBLES, BOULDERS & ORGANICS (roots),
medium to ¢oarse-grained, subrounded, loose, dark brown, dry.

SAND, medium-grained, occasional small gravel, homogeneous, loose,
yeilowy brown, damp.

@ 2.0lm trace to some gravel, small to medium, trace to some cobbles,
small.

SAND & GRAVEL, medium to coarse-grained, medium, some cobbles,
small, some boulders, loose, damp.
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Test Pit 10
0.00 -0.91m
0.91 - 1.23m

1.28 —2.38m

Test Pit 11

0.00 - 0.43m

043 -244m

2.44 -335m

Test Pit 12

0.00 —0.30m
0.30-1.47m
147T-244

244 - 3.40m

5 July 10, 2002

SAND, fine-grained, trace of silt, trace of orgamics (rootlets), trace of
gravel, small, loose, brown, damp.
@ 0.13m medium-grained, homogeneous occasional cobbles.

SAND, fine-grained, silty, trace of gravel, trace to some cobbles, soft,
grey with orange streaks, maist.

SAND, GRAVEL & CCBBLES, medium to coarse-grained, small to
coarse, subrounded, brown, loose, dry.

@ 2.01m moist to wet.

@ 2.13m large boulder encountered.

@ 2.38m too many boulders to continue with a backhoe.

SAND & QRGANICS {rootlets), fine to medium-grained, trace to some
gilt, trace to some gravel, medium, subrounded, loose, brown, dry.

SAND & GRAVEL, fine to medium-grained, medium, cobbly,
subrounded, loose, brown, dry.
@ (.89m coarse-grained, trace to some small cobbles, orange-brown and

grey, damp.

SAND, coarse-grained, trace to scme gravel, medivan, loose, grey with a
trace of brown colour.

SAND, GRAVEL & OQRGANICS (rootlets), very fine-grained, medivm,
trace of silt, loose, brown, dry.

SAND, GRAVEL & COBBLES, coarse-grained, medium, subrounded,
loose, brown and grey, damp.

SAND, coarse-grained, gravelly, medium, occasional cobbles, loocse,
brown, dry.

GRAVEL, medium, sandy, medium to coarse-grained, trace of cobbles,
sebrounded, loose, brown, damp.



0805-5887561 & July 10, 2002

Test Pit 13 (Completed by Others)

0.00 - 0.46m SAND & ORGANICS (roots), fine-grained, sorme gravel, smail, trace of
silt, occasional cobble, subrounded, loose, brown, dry.

0.46 —1.83m GRAVEL & SAND, medium to coarse-grained, some cobbles to cobbly,
snbrounded, loose, brown, dry.
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WELL RECORDS



eform owtput from WELL database ‘ Page [ of 1

all Tag Number 000000003673

Owner: & CAVIS

: LL LOCATION:
HANOOSE Land District

lDistrict Lot 172 Flan Lot FROQOCTICN DATH AT TIME OF DRILLING:
Township Secticn Range all Yield ¥

Indian Reserve Meridian Block tegian Flow

uartar Static Level UNK feet

L Ialand i

ater Dtility

Lithology Info Flag

Pump Test Info Flag

File Infs Flag

Sieve Info Flag

Screen Info Flag

Watar Chemistry Info Flag
Field Chemistry Info Flag
Site Info (SEAM)

Other Info Flag

[BCGS Number (MAD 27} 052F029414 Wall 1

"Well Use Domestic
Construction Method Dug
Diamater 0.0 inches
ell Depth 17.0 feest
Elevation |

edrock Depth UNK feet
Screen from 0 to 3 feet
Slot Size 1 Slot Siza 2
Blot Fize 3 Slot Size 4

To 0 Ft. Gravel and hardpan w/clay at the bottom

Itk tinn Dimciudburrs
(e Provisc: dischchiss sll rapemaibilliy G tee securacy of infprmation provided. Informatdon provided shoald et be xsod &4 1 basia fur makiag fimsacial 4r say sthey

ewaimiiveen .

Date entered to WELL



eform output from WELL database Page [ of |

o e

I?:T:nst roction Date 19500101

Well Tag Number 0Q000000G37140

Ownier: G DAVIS
) Driller Unknown
ddrezz: License WNumber

eat

LL LOCATION:

BNOHOSE Land District
District Lokt 168 Plan Lot PRGDDCTION DATA AT TIME OF DRILLIMG:
Township Section Range Well Yield ¥

Maridian Block Brtsaian Flow
Static Level B

feet

BCGS Wumber (WaD 27} 092F025414 Well

ater TEility

Litheology Infe Flag

Fump Test Info Flag

File Info Flag

Sieve Info Flag

Zoreen Info Flag

ater Chemistry Info Flag
Field Chemistry Info Flag
Site Info {SEAM)

Other Info Flag

ell Usa Domestic
onatruction Methad Dug
Iniameter 0.0 inches

ell Depth 17.0  feet
Elevation o]
Bedrock Depth UNK  feet
Screen from g to 0 faet
Slot Size 1 Slot Size 2
Slok Size 4

0 rt. Gravel, hardpan, <lay at the bhoatton

lnbormistss IHarlnimer:
The Froviace disciaime ol respopalbiliey for tee scenracy of micrmadien previded. [nfermmacos provided shouald ret be waed 22 & basl for makiny Reanclal sr any sther
rsilwrais.

Date entered to WELL



eform output from WELL database Page 1 of |

i Bl

Constructicon Cate 19801104

vell Tag Mumber Q00000046550

Dwner: BRIAM WHITTA
Briller Kalicum Drilling

Licenss Number

WELI LOCATION:
NANOOSE Land District
District Lot 179 Blan Lot
Township Section Range
Indian Reserve Meridian Block
Qunarter
Izland
BCGE Number [(MAD 27) 032F025414 Wall 3

FROQUCTEOWN DATA AT TIME OF DRILLING:
all Yield 5 UsGEM

tesian Flow

Static Leaval 34 faet

ater Mility

Lithology Info Flag ¥
fump Tast Info Flag

Fila Info Flag

Sieve Info Flag

SGoreen Info Flag

atear Chemistry Info Flag
Fleld Chemistry Info Flag
Site Info [SEAM)

ther Info Flag

Well Use Deomestic
cnatructicn Methed Unknown Conatria
Dliameter 6.0 inches

ell Depth 465.89 fest
Elevation a

Badrock Depth UNE faer

1Screen from g to 0 feet
Slot Size I Slot Size 2
Slok. Size 2 Slot Size 4

|Erom b To & Ft. Till
From E To ) Ft. Clay
From n To 46 Ft. Sand and gravel
HFrom 46 To 418 Ft. <Clay

. =——eeeees —

informuthen Dhaclalmer:

Thee Frovimce dinciniony all reopons(biity for e scoarscy of nformaties pravided. Informotien provided sheabl wet be med 32 3 haaip for makieg Seancis] or any sther
S it te,

Date entered to WELL



eform output from WELL database ) Page 1 of 1

ell Tag Number 00000000394%

Cconstruction Data 19500101

Cwner: CILBERT

Driller Unknown
License Mumbker

dress:

L=

ELL LOCATION:
MANOOSE Land Districgt

District Lot Flan Lot
Township Section Range
|Indian Reserve  Meridian Elock 564

PROGUOCTION DATA AT TIME OF DRILLING:
Well Yiaeld 8]
tesian Flow

Static Level UNK faet

fatar tility
Lithalogy Info Flag
Pump Test Info Flag
File Info Flag

JBCGES Humber [(HAD 27} (092F02%431 Well 1

|FE11 Use Demestic
Construction Methed Img

|piameter 3.0 inches Sieve Info Flag

ell Cepth .0 feet Screen Info Flag
Elevation ] fater Chemistry Info Flag
Bedrock Depth UMK feet Field Chamistry Info Flag
15ereen from 0 to 0 fest Site Info [SEAM)
|$1¢t Size 1 Slot Size 2 Cther Info Flag
Slot Sire 3 Slot Size 4

From 0 To 0 Ft. HNo log given.

Imdermation [Hecinimer:
The Provinee discisiens 20 roapsasibility Sor the sccmracy of Informstion provided [nfsrmation provided shonkd wot be ased as & basl for oeskhey Basacta] o7 2y other
cnmmndivr fy,

Date entered to WELL



eform output from WELL database

o SO

Well Tag Number 003000014406 Construction Date 15550141

Owner: MCMILLAN BLODELL
Driller PRCIFIC WATER WELLS
ddrezz: - License Mumber

ed:

LL LOCATION;
MANOOSE Land District
District Lot L&3 Flan LotiIPRODDCTION BATA AT TIME OF DRILLING:
Township Section Range Well Yield a

iIndian Feserve  Meridian Block tesian Flow

Static Level 138 feet

ater Utility

Lithology Info Flag ¥
Pupp Test Info Flag

filea Info Flag

Sieve Infe Flag

sereen Info Flag

arer Chemistry Info Flag
Field Chemistry Info Flag
Site Info (SERM)

ther Info Flag

JBCGS Wumber (HAD 27) 092F029432 Well 1

all Jae Commerctal and Industrial
Congtruction Methad Drilled
Diameter £.0 inches

&ll Depth 246.0 fest

levation 0

edraock Depth UNE feet

|Screen from 0 to o feet
Slot Size 1 Slot Size 2
Slot Fiee 3 Slot Size 4

GENERAL REMARESD:
HARD - HIGH SULEPHUR.
|YIELD 75 GEM (NOTE: MERSURED AGRIN AND SHOWED 50 GEM)

BFrnm 0 To 2 Ft. Gravel and sand

From 2 To Ig Ft. Clay

From 13 To 75 rt. Very tight grawvel - with clay sand and
hFrﬂm 0 Tao 0 Ft. silt binder

From 0 To 0 rt. Some water S50'-55%"'

From 75 To 108 Ft. Silty brown clay, some gravel

"Frnm 0 To 0 Ft., Boulders at 84°'

From 108 To 116 Ft. More kinding clay

1From 116 To 187 Ft. Silty brown clay, some gravel - into
From 0 To 0 rt. water at 137

"Frcm 187 To 192 Ft. Very dirty silty sand

From 132 To 223 Ft. Layers of clean bBlug and brown sand
Frem 223 To 224 Ft. Clay

From 224 To 243 Ft. Clean cgarse sand, odd fine lense of
|Fram o To 0 Fe. clay

From 243 To 246 Ft. Hard blue clay .

"16 rows selected.

Inforrmation Dischaimer:

Page 1 of 2

The Province discialsms a0 respasgibiity for the sccurncy of Information previded. [nfermation provided should net be ed ks & basls for mabitivg Muanchl 4r sy other

COMER D



eform output from WELL database

Page 1 of 1

Well Tag Numbsr 000800039363

wner: MACMILLAN BLOEDEL
dress: NORTHWEST BAY CAMP
ea: PARKSVILLE

ELL LOCATIOH:

MANGOSE Land Cistrict

Hskrict Lot 169 Flan
Township Section Range
Indian Reserive Meridian Bleck

|BCGE Humber (NalD 27} 032F029432 Well

all fas Unknown Well Use
Construction Method Drilled
1Diameter 6.0 inches

all Depth 242.0 fest

Elevation Q

Bedrock Depth UMK fear

NScreen from 224 to 242 feet
Slat Size 1 8lot Size 2

Slot Size 3 Slot Size 4

IGENERAT, REMARKS:
WATER A BIT SULPHURY, 35 GEM.

From 0 To 18 Ft. <lay

From 223 Tg 224 Ft. {Clay
From 224 To 242 Fr. Sand med. gray

From 0 To ¢ Ft. Some gravel at 23&-23T7"

8 rows gelected.

Imirmathon DHscinloer:

JFrom 18 Teo 187 Ft. Till, szilty gravel

From o To 0 Ft. Some layer of clay

From Ja To 0 Ft. Boulder at 162'

From 187 To 223 Ft. 3Silty fine sand gray {ailty brown)

Construction Date 13730308

Driller Drillwell Enterpriszes
License Number

33 GEM

Static Level 148 faet
Water BEility
Litholoegy Info Flag ¥
Pump Test Info Flag

File Infc Flag

Zieve Info Flay

Sereen Info Flag

ater Chemiztry Info Flag
Figld Chemistry Info Flag
Site Info (SEAM)

Cther Info Flag

The Provisce discisims all respensibitiy for the securzcy of mforottion provhied. Information previded shsall not be omed x4 8 bayis fyr making faznchl or duy other

DbrimirilrmcwiL

Date entered to WELL



eform output from WELL database

all Tag Wumber 00QQ000B30036
Novmer: NOEM MOCURRIE CONST
ddress: WEIGH SCALES

ea: SOUTH PARESVILLE

LL LOCATIOCNM:

O0SE Land District
District Lot Flan
TowWnship Section
Indian Rezarve Meridian
Quarter

ITaland

Lot
gange
Blaock 564

BCGS Humber (HAD 27 032FDZ29434 Well

el]l Baa Domestic
onatruction Method Drilled

Ciameter &.0 inches

ell Depth 1783.0 feet
Elevaticon o
Bedrock Depth UNK feet

creen from 174 to 178
lot Size 1 Slot Size 2

Slot Size 3

teet

Slot Size 4

Page 1 of |

W B

Constroction Date 19820318

Driller FYFE'S WELL DRILLING
Licenss MNumber

PRODGCTION DATA AT TIME OF DRILLING:
2ll Yield 20 GPM

Artesian Flow

Static Lewvel 100 feeat

ater Dtility
Lithology Info Flag ¥
Pump Test Info Flag
File Info Flag

Sieve Info Flag

Screen Info Flaq

ater Chemistry Info Flag
Field Chemistry Info Flag
Site Info (SEAM)

Other Info Flag

SPOKE WITH PEOPLE IN WEIGH SCALE BDG,.THERE APPERRS TO BE A WATER WELL STICKING
UF FROM GROUND, BUT THEY SEEM TO THINK THEY'RE GETTING THEIR WATER FR., FRENCH COR

Brown sand and gravel
Silty blua clay and water
Brown sand and grawvel

Coarse sand,

gravel and water

Intormation Discialaer:

Thet Pravwimer ﬂmh‘ll rapocibility e e sccarncy of nformatiss provided. Inkrmaten provided shonkd nad e meed 11 2 basls far making flaancial or say olber

comm basewis.

Date entered to WELL




eform cutput from WELL database : Page 1 of 1

W Sl

Corgtruction Date 19880301

2l]l Tag Mumber Q40000013878

Cwner: PAPFIVILLE WEIGH SCR

Driller PACIFIC WATER WELLSZ
License Number

ddress:

a4

ELL LOCATICH:
WANOOSE Land District

Pistrict Lot PFlan Lot
Township Section Range
Indian Reserve Meridian Elack
Quarter

Island
JBCGS Wumber [M&D 27} 092F039%212 Well

FROGUCTION TATA AT TIME OF DRILLING:
Well Yieid 4 GEM

tesian Flow

Staktls Level 55 feet

Water Uriliry

Lithelogy Info Flag ¥
Pump Test Info Flag

File Info Flag

Sieve Info Flag

Sereen Info Flag

ater Chemiatry Info Flag
Field Chemistry Info Flag
Site Info (SEAM)

Oiher Info Flag

el]l Uze Unknown Well [sa
cenatruction Methed Drilled
Diameter 6.0 inches

ell Depth 81.0 foet
Elevation Q

|Redrock Depth UNK  feet

YScresn from 44 to B9 fest
Slok Size 1 S5lot Size 2

Slot Size 3 Slot Size 4

ENERAL REMARKE : B
‘4 GEM. PUMPING AT 80 FT. FROM SURFACE. : ' j

"From 0 To 8 Ft. Gravel hardpan

From B To 55 Ft. Dry coarse grawvel
From 55 To 75 Ft. Silty sand and grawvel
|Fram T8 To 49 Ft. Brown sand and grawvel
From 8% To 31 Fr. Fine blus sand

| I

Thee Frovime: disehslus ol retpousibility iy the acruracy of yfermatien proviled. [nformation provided shond] nt be need o 2 basis for moking fisanctil o sar other
o .

Date entered to WELL



eform output from WELL database Page 1 of 1

ell Tag Number J00000041529 Construction Date 19790101

Cwner: VILLAGE OF PARKIVILL

Oriller DOGWOCD DRILLING
License Mumber

ddresas: WEIGH SCALES

ea: PABKSVILLE

ELL LOCATION:
NANGOSE Land Distriet

District Lot 564 Plan 33339 Lot 9
Township Section Range

Indtan Reserve Meridian Black

PROGUCTION DATA AT TIME QOF DRILLIMG:
Well Yiald 25 GPM

tezlian Flow

Static lLaval 55 feat

BCGS Humber [HAD 27) 032F039212 Well 15 ater Utility

Lithology Info Flag ¥
Pump Test Info Flag

File Info Flag

Sieve Info Flag

Soresn Info Flag

ater Chemistry Info Flag
Tield Chemisatry Info Flag
Site Info (SEAM)

Other Info Flag

ell lze Unknown Well Use
Conatruction Method Drilled
Diameter 6.0 inches

all Depth 8%.0 feest
Elevation |

Bedrock Deptihr THE feet

Screen from 31 to a0 feat
Slot Size 1 Slot Size 2
Slot Size 3 3lot 3ize 4

To & Ft. 3Sand, gravel and boulders
Ta &4 Ft. Dry zand and gravel
To 76 Ft. Damp sand and gravel
Tao 33 Ft. Coarse water-bearing sand and ground

T O Ft. (brown)
To 0 Ft. Blue w.b. sand and gravel (quite loose
T g Ft. & clean)

To 95 Ft. Fine silty brown sand with clay lenses
Ta 0 Ft,

Tao 0 Ft. Pulled pipe back to 30", set scresan and
Ta 0 Ft. started developing

Informaiion Dischidecr:
Thet thumlh:hh- all respomsibllity fer 1be acrurecy of Infermatien provided lokormatien privided ikcald not be wsed 20 & bk for making flieancinl or any other
MR

Diate entered to WELL



eform output from WELL database

Well Tag Number ODQQQOQ03ESE
Owhizr: M TURHER

ddress;

ea:

ELL LOCATION:
OOSE Land District

District Lat 171 Plan Lot
Township Section Range
Indian Reserwve Meridian 2laock
Quartar
izland
BCGS Humber (HAD 27) Q9ZF029434 Well 2
ell Usze Comestico
cnatruction Method Other
Ciametsr A.0 inches
ell Depth £.0 feet
Elevaticn a
Bedrock Depth UMK feet
Screen from 0 to 0 feet

Slot Size 1 Slat Size 2

S5lot Size 4

Ft. Gravelly

birlsrmtias DHectalmer:

Page i of |

# i

Congtructicn Date 135001031

Driller Onknown
License Number

PRODUCTICH DATA AT TIME OF DRILLING:
ell Yield iy

Irtesian Flow

Static Level UNK feet

Water Dtility

Lithology Info Flag

Pump Test Infa Flag

File Info Flag

Sieve Info Flag

Screen Info Flag

fater Chemistry Info Flag
Fleld Chemistry Info Flag
Site Info (SEAM)

Cther Info Flag

e Previme diaciaicos all responsieiey for B sccurscy of Inkormatin provided. Informatisa provided shonkd met be weed 21 2 bash lor making fsucdil sr sy sther

commbimenis.

Date entered to WELL



eform output from WELL database

ell Tag Wumber LOOGACO{J2&6470

Cwner: FARRELLS BOAT CO LTD
ddress
ed.

LL LOCATION:

AWOOSE Land District

District Lot 56 FPlan 1123% Lat 2
Section Range
jIndian Reserve Meridian Block

BCCS Wamber (NAD 27 D92F0239441 Well i
ell Use Unknown Well Dae

Copstruction Method Drilled
Diametar 6.0 inches

ell Depth 163.0 feet
Elevation o
Pedrock Cepth UNK feet
Screen from 0 to 0 feat

Slot Size 2

[ Slot Size 1
Zlot Size 4

Slot Fize 3
GEHERAL REMARES:

|Fr0m 17 To 20 Ft. Clay

From 4 To 0 Fr. Well # 3

From €2 To g4 Fr. Fine =zand
From 64 To 75 Ft. Clay

|From 0 To O Ft. lensea (1.5 GEM)

Frem 140 To 155 Ft. Hard blue clay

From 0 To 0 Ft. clay lenaes)

Erom ? To 0 Ft. 4.5 5PM .
From ¢ To g Ft.

[Fram 0 To O Ft. Yield 4.5 GFM

13 rows selected.

||

Imfermation T talaner:

Page 1 of 2

Construction Date 18774101

Oriller DOGWOOD CRILLING
License Mumber

PRODUCTION DATA AT TIME OF DRILLING:

Static Level %0 feset

ater ility
Litholegy Info Flag Y
Punp Test Info Flag

File Infc Flag
Sieve Info Flag
Screen Info Flag

Water Chemiastry Info Flag
Field Chemistry Info Flag
Site Info (SEAM)
Cther Info Flag

From t To 17 Fr. Brown dirt and scme pebbles

From 20 To 62 Ft. Hardpan with some layers of dry gravel
|Fram 75 To 93 Ft. Fine sand with small pebbles

From 33 To 118 Fr. Moist clay and pebbles

Froem 118 To 121 Ft. Fine sand and gravel with large clay

From 12Z1 To 140 Ft. Dirty silty clay with small sand lensas

From 155 To 158 Ft. Sand and gravel with clay lenses
|Frnm 158 To 165 Ft. Coarse clean zandy gravel (very small

Thwt Provises dischims sl respensibllicy for s aconracy of mformation grevided. Esformation provided shonkd sot be wsesd as 5 banly for ocabing Timamcial or any sther

LT



eform output frem WELL database

ell Tag Number 200000033192

wrer: FARRFILE BOAT <O LTD

Area;

WELL LOCATICH:
NAENCOSE Land District
District Lot 56 Plan 11285

|Township Section
1Indian Reserve Meridian
Cuarter
" Island

"Well Oze Unknown Wall Use
Constraction Method Drilled
Diameter 0.0 inches

ell Depeh 2830.0 feer
levation a

edrock Depth UNE feet
Screen from 0 to i
lot Size 1 Slot SBize 2
Slot Size 3 Slot Fize

Page | of 1

iot 2
BEange
Block

BCGS Wumber [WAD 27) 092F029441 Well

faet

4

7

‘lt’:nnstruction Tate 19750811

Driller CDOGWOOD DEILLING
Lircenas Number

PRODUCTION DATA AT TIME OF DRILLING:

Water Utility
Lithology Info Flag Y
Pump Test Info Flag

File Info Flag

Sieve Info Flag

Screen Info Flag

ater Chemistry Info Flag
Fiald Chemistry Infeo Flag
Site Info (SEAM)

thaer Info Flag

GERERAL REMARES:

11 rows selected.

Infacuxntion Discinimer:

From o Ta 0 Fr. lan=es
From 188 To 234 Ft. 3Silty bklue clay
[Frum 234 To 280 Fr. Blue clay

|RLL CASING WAS RECOVERED AND HOLE ARANDONEDR (DRY HOLE) .

From 0 To 0 Ft. Well # 2

From ¢ To 4 Ft. Back fill to leval site

From 4 To &7 Ft. Light brown hardpan

hFrnm €7 To 135 Ft. Blus hardpan with small sand lenses
|From 135 To 173 Ft. Combinations of clay, sand and silt
From 0 To } Ft. lenses in layers of 1" to 4™ thickness
|Fr0m 0 To 0 Ft. ({material has small guantity of water}
From 173 To 188 Ft. Tight cemented gravel with small silt

Tha Frevisce discinlms all responsiility for ibe sccursey of leformstion prinrided. Eoformatien provided should sot be meed 2y § bl for making Rasechl or any other

b ecats.

Daate entered to WELL



eform output from WELL database

ell Tag Wumber COGORO03Z074

Cwner: FARRELLS BOAT CO LTD
cdress:
L=1= B

LL LOCATION:

AHOOSE Land Cistrict
District Lot 54 Plan 11285 Lot 2
Township Section Range
Tndlan Reserve Meridian Black

arter

Island

CES Wamber [(MAD 271 0D92F029441 Well

gll U=ze Unkpnown Well Use
Canstruction Method Drilled
Diameter 5.0 inches

all Depth 600.0 feet
Elavation 0
Bedrock Depth 357 feet
Screen from 0 to feet
Slot Size 1 Slot Size 2

Page 1 of 2

Construction Date 18750731

Criller DOGWOOD DRILLING
License MHumber

FRODOCTION DATA AT TIME OF DEILLING:

Statizs Lavel UNK feeat

Water Utility
Lithology Info Flag Y
Pump Test Info Flag

File Infa Flag

Sieve Info Flag

Screen Info Flag

Water Chemistry Info Flag
Field Chemistry Infa Flag
Site Info [SEAM)

other Inio Flag

Slot Eize 3

0 Tao
3 To
From 5 To
9 To
From 87 To

From 94 To
Frem 163 To
From o To
From o Ta

From 185 To
From 381 To
From g To
From 387 To
From 4286 To
From 460 To
0 To
0 To
0 Te
From  To
0 Teo
¢ To
7 Tao

3

5

9
gr
94
163
185
¥

1]
381
387
0
428
480
ado

o i i e Y e e

22 rows selectad.

Slot Size 4

Topsoil and gravel
Fine brown gravel
Brown clay with some pebbles

Blue hardpan with some large boulders
Coarse dry brown sand and gravel

Tight blue hardpan with small bouldars
Vary fine brown soupy sand with clay
lenses (material is W.B. but cannot be
Le acreened because of clay content)
Light blue clay

Small gravel and silt lenses in fine
"oclay™

Broken shale with small guartz

Brown shale with small guartz lenses
Brown shale (saline -szalt- water encoun-
tered in shale

Hola was backfilled with Ready Mi=x
cemant to 4007

330" casing was recoveresd from hole
fhole abandoned)

{70 casing and shoe left in hole)




APPENDIX D

BASIS FOR ESTIMATING NITRATE LOADING TO
ENGLISHMAN RIVER



Appandix D - Caleulation of Nitrate Loading to Engiishman River

Iypicai characterfatics of Domestic Sewage’

Paramater mygil
Total nitrogen 4Q
Cmanie nitrogen 14.5
Ammonia nitrogen 25
Nlirate nitrogean 0.5

Assumhgaﬂnﬂmgmmsamyummmmfnﬂmgm,
man:ammmnnmmcmcanﬂaﬁmmmmm=4ﬂmlasm

Seeage yolums groducgd

Liday m/day
Per three-bedroom househoid? 1364 1.4
By development 2AE+05 2428

Cafculation gssumes the developrment hes & maximum 178 househoids,

Mitrate nitrogen mass producad per day

= Concanration x Volurne

myg/day kgidxy
Par househokd 556+ 0.055
By deveiopment 9.7E+08 8.710

Flow m'isac Liday
Annual mean 13.8 1.2E+(9

Flow mgfl
Anrual mean a.01
Minknum .09
Nitrate Nitrogen drinking water standard®
Paramater mg/L
Nitrate: nitrogen , 10

Nctes:

1. L. Camter & R, Knox (1986) - Septic tank system effects on
ground water quakty - Lewis Pubishers, Inc. (Page 47)

2. BL Sewaga Disposal Regulation
3. BC Approved water quality guidetines 2001

Project no.: JB05-5887561
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SPECIAL NOTE:

This report has been issued on January 8, 2003, At the time of issue, documentation of the
methods used to develop and calibrate a numerical groundwater flow model used in this report is
incomplete. This documentation, which forms Appendix C of this report is not included with
this report and will be issued as an Addendum. This documentation is being done for
completeness of the report in the ¢vent that this report is to be critiqued by persons qualified in
hydrogeology. In the opinion of the persons who have prepared this report, the lack of
documentaticn in Appendix C will not alter the conclusions and findings of this report.
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EXECUTIVE SUMMARY

A hydrogeological assessment was conducted to evaluate the probability of obtaining a
groundwater supply for a proposed residential subdivision iocated near Parksville, B.C. This
study is one of several being conducted by the owners, Englishman River Land Corporation, in
support of an application to the Regional District of Nanaimo (RDN) 1o re-zone the property.
The proposed development site (Block 564, Nanoose District) comprises approximately 362 ha
(895 acres) directly east of the Englishman and Scuth Englishman Rivers. The land is presentiy
zoned for lots of minimum 8 ha (20 acre) size and the proposed rezoning would permit lots of
minimun: 1 ha (2.5 acre) size.

Following input from local residents and stakeholders, the present subdivision plan would
involve approximately 160 lots with dedication of the river vaileys to parkland. All lots would
be served by standard on-site drainfields for disposal of domestic wastewater, A community
water supply would be developed frem groundwater aquifers.

The terms of reference for the hydrogeological assessment were developed from requirements of
the RDN and are summarized as follows:

1. Is there a high probability that an adequate water supply (both adequate quantity and
quality} can be obtained from groundwater aquifers to meet the required demand for the
proposed subdivision and is this water supply sustainabte over the long-term?

2. If a water supply is developed, will it or will it not result in detrimental effects on surface
waler systems, for example, decreased tow flows in the Enplishman River?

3. If a water supply is developed, will it or wil! it not result in detrimental effects on existing
or future weils pumping from the same aquifer? :

Scope of the Study
The scope of the present hydrogeoiogical assessment involved the following:

¢ collection of relevant information on local and regional hydrogeological conditions
such as well logs, water quality reports and published geological reports;

» preparation of maps and cross sections showing the estimated thickness and lateral
boundaries of aquifers and their relationship to surface water systems;

= preparation of a conceptual hydrogeological model detailing the peometry of the
aquifer systems, sources of recharge and hydraulic relationship between the aquifers
and surface water systems;

+ preparation of a numerical finite-difference groundwater model that was used to
simulate the drawdown effect of long-term pumping of one aquifer; and

» preparation of a technical report describing the avaluation methods used, the results
obtained and the conclusions reached.

=
€oqQ
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Presence of Aquifers

Two aquifers, referred to as the Upper Aquifer and Lower Aquifer were identified on the
property and surrounding area during this study.

The Upper Aquifer is an unconfined or water table aquifer and is exposed at surface across much
of the property. This aquifer has a saturated thickness of about 5 m and cotisists of sand and
gravel that has been utilized historically as a source of construction aggregate. The Upper
Aquifer has not been identified as a target aquifer for water supply for the proposed subdivision
due primarily to its small saturated thickness. The Upper Aquifer is important, however, in
providing absorption of stormwater, domestic wastewater and in maintainirig baseflows in
surface water systems.

The Lower Aquifer is composed of a well-recognized surficial geologic formation known as
(uadra Sand. A layer of silty sand till overlies the Quadra Sand and acts as a confining layer
separating the Upper Aquifer and Lower Aquifer. The Quadra Sand unit is common]y used for
water supplies on the east coast of Vancouver Island extending from Lantzville east of the study
area to Comox to the northwest, Regionally in this area, the Quadra Sand supplies potable water
to a population in excess of 10,000 people.

At the north end of Block 564, the Lower Aquifer is in excess of 20 m in thickness. In the
central portion of Block 564 wells have only penetrated the top few metres of the aquifer and its
entire thickness has not been determined. [Interpretation of well records plotted on maps and
cross sections indicates that the Lower Aquifer is regionally extensive in the study area,

Water Quality

Water quality in the Lower Aquifer was assessed fromn test results in a well located directly
adjacent to the subject property and also from multiple samples cotlected from 28 other nearby
municipal wells that alse pump from the Quadra Sand. Resuits indicate that the Lower Aquifer
is well suited as a drinking water source. Depending on localized water quality conditions,
{reatment for removal of iron and manganese may be required.

Numetical Groundwater Model

Prior to constructing a numerical (computer-based) groundwater flow model, considerable effort
was expended developing a concepfual understanding of the aquifers, confining layer and their
bydraulic relationship with the surface water systems (i.e. South Englishman River, Englishman
River and Craig Creck). Figure ES-1 (sec following page) summarizes the main hydraulic
processes governing interaction between the aquifers and surface water systems when the Lower
Aquifer is pumped.

&
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Pomts of significant importance from this conceptual mode! are as follows:

¢ Water pumped from the Lower Aquifer will initiaily come from storage in the
aquifer. Over the long-term, downward leakage from the Upper Aquifer, across the
silty sandy till Confining Layer will contro! the rate of recharge.

* The presence of the till Confining Layer will greatly restrict direct hydraulic
communication between the South Englishman River, Englishman River, Craig Creek
and the Lower Aquifer during pumping.

v The Lower Aquifer appears to be hydraulically connected to the Englishman River
adjacent to the northern part of the property.

¢ The Upper Aquifer is important in sustaining baseflows in the South Englishman and
Englishman Rivers as indicated by seepage from this aguifer discharging via springs
into the river valleys.

The numerical groundwater flow model was constructed nsing the finite-difference computer
program Visual MODFLO. This program is widely used by the US Geologicsal Survey, US EPA,
educational institutions and consulting firms worldwide. A three-layer model incorporating the
Lower Aquifer, Confining Layer and Upper Aquifer was used. Results of the simulations of
aquifer pumping for a 50 year period indicate that long-term pumping is sustainable and will not
result in aquifer dewatering or excessive deawdown in pumping wells.

. ing on Existing Well

The effect of fong-term aquifer pumping on existing domestic weltls was evaluated using the
numerical computer model and standard analytical solutions for drawdown in confined aquifers,
The largest drawdowuns will be experienced in wells pumping from the Lower Aquifer directly
adjacent to the property with drawdown decreasing with greater distance from the property. In
other words, the largest effect from pumping will be experienced close to the proposed new

pumping wells.

At the location of the nearest existing domestic wells, located about 500 m from the proposed
pumping wells, drawdowns are estimated to range from about 1.0 to 3.5 metres after 50 years of
pumping. For comparison, based on reviewing well records, existing domestic wells have about
30 m of available drawdown (the height of the water column in the well that is available for
pumping from the aquifer). Therefore, pumping of the proposed new wells may cause
drawdowns in the order of 3 to 12 percent of available drawdown. This is not expected to cause
excessive interference or detrimentally effect operation of existing domestic wells.

Effects of Punmi Riv { Crecl

Seepage from the Lower Aquifer discharges to the Englishman River across the Confining Layer
over much of the southern area of the property. Over the northern reach of the river the Lower
Aquifer “daylights” at the base of the valley slopes and groundwater discharges directly into the
base of the river. In other words, the Englishman River is a “gaining stream”.

ebQ
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To evaluate the effect of aquifer pumping on the river, the reduction in seepage from the aquifer
under purnping conditions was determined. The results of this analysis were then compared with
the magnmtude of low flows measured in the Englishman River. The results of the analysis
suggest that low flows may decrease by as much as 0.6% declining from 1.260 m’/s to
1.252 m’/s. This reduction is not considered to be significant and is likely within the accuracy of
the gauge used to measure river flows.

of ion
The primary conclusions made from this study are as follows:

1. Aregionally extensive confined aquifer of Quadm Sand (Lower Aquifer) has been identified
beneath the study site. Similar aquifers are used extensively for municipal water supply on
the east coast of Vancouver Island between Lantzville and Courtenay serving as the primary
water source for in excess of 10,000 people,

2. Hydraulic analysis indicates there is a very high probability that the Lower Aquifer can
sustain long-term pumnping to meet the required demand of the proposed 160 lot subdivision

3. Review of water quality data from weils pumping from the Quadra Sand indicates the
groundwater should be well-suited for domestic consumption. Depending on local aquifer
water quality, iron and manganese, which have guidelines in water supplies for aesthetic
Teasons, May require treatrment.

4. Based on computer simulations and analytical solutions, long-term pumping (1.€. 50 years) of
the Lower Aquifer {0 meet the design requirements of the subdivision
(3.5 mjfdayz'mnnﬂctinn) may produce drawdowns in the order of 1.0 to 3.5 metres in existing
domestic wells located in the Lower Aquifer and directly adjacent to the proposed
subdivision. This represents about 3 to 12 percent of the 30 m of available drawdown in
these wells and is not anticipated to cause extensive interference or detrimentally effect
operation of existing wells, Less drawdown would occur in wells at increasing distance from
the proposed subdivision, As ex}periﬂnce has shown that actual average water demand in the
study area is closer to 1 tn’/day/connection, actual drawdowns would probably be
significantiy less.

5. Long-term pumping of the Lower Aquifer is not anticipated to significantly effect flows in
the Englishman River, South Englishman River or Craig Creek. This is due to the presence
of a confining layer of clay or till that significantly attenuates hydraulic interaction between
the surface water systems and the Lower Aquifer. Catculations indicate that low flows in the
Englishman River may decrease by as much as 0.6% which is probably within the accuracy
of the gauge used to measure the river flows. This magnitude of change in flow is not
anticipated to detrimentaily effect use of the river as aguatic habitat.

6. The flows in Englishman River, South Englishman River and Craig Creek {particularly the
low flows) will likely be influenced to a greater degree by absorption of wastewater and
stormwater than due to pumping of the Lower Aquifer. This is due to the fact that the Upper

€ba
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Aquifer will absorb wastewater and stormwater from the proposed development and the
Upper Aquifer is in direct hydraulic communication with the South Englishman River and

Englishman River through seepage 2ones and springs in the fver valley and with the lower
portions of Craig Creek through the water tabie. . .

2
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1.0 INTRODUCTION

This report describes the results of a preliminary hydrogeological asssssment for water
supply for a proposed rural residential subdivision located near Parkswville, British
Columbia. This assessment has been conducted by EBA Engineering Consultants Ltd.
(EBA) on behalf of the owners, Englishmnan River Land Corporation (ERLC), to
determine the likelihood of obtaining water supply for the proposed development from
groundwater aquifers underlying the property.

The proposed development site (Block 564, Nanoose District) lies within the Nanaimo
Regional District (RDN) and comprises approximately 362 ha (895 acres) adjacent to the
Englishman River {(Figure 1). The land is presently zoned for a minimum & ha lot size.
ERLC has applied to the RDN to re-zone the property to allow for a different type of
development with smaller lot sizes. As part of the RDN"s TEZoning process, they have
requested ERLC to carry out certain studies to evafuate servicing requirements and
potential environmental impacts from the subdivision. This repori has been prepared to
evaluate water supply for the property from aquifers.

2.0 DESCRIPTION OF SITE AND PRﬁPDSED DEVELOPMENT
2.1 Topography and Surface Soils

Block 564 is an irregular-shaped property approximately 362 ha in gize. It is bounded
along the west side by the South Englishman and Englishman Rivers and to the east by
Craig Creek (Figure 2). The Strait of Georgia Yes approximately 1.5 km to the north,

Topographically, the site can be divided into three zones as follows:

* The southern zone which is charactetized by gentle to moderate slopes. Previous
work including test pit observations and interpretation of aerial photographs (EBA,
2002a) indicated this area of the property is covered primarily by silty soils at surface;

* The steep sided valleys of South Englishman River, Englishman River and Craig
Creek (east of the Island Highway); and,

* The remainder of the properfy which is characterized by flat-lying topography. This
arca, which accounts for the majority of the acreage, is underiain by granular soils
that have been used historicatly as a source of construction aggrepate, '
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Elevations actoss the upland areas range between about 110 m above sea Jevel {m-asl) at
the southern end of the property to 45 m-as! at the north end near the Island Highway. In
the base of the river valleys, the elevation of the South Englishman River is about 48 m-
as] at the upstream (southern) limit of the property and at the downstream (northern) limit
of the property, the elevation of the Englishiman Riveris about 15 m-asl.

2.2 Surface Water Drainage

The Englishman River is an important salmon-producing stream on the mid-east coast of
Yancouver Island. The watershed has all species of salmon and is designated a sensitive
stream by the BC government under the Fish Protection Act,

The Englishman River is a community watershed supplying drinking water during the
summer moaths to Parksville and surrounding areas via an intake in the lower
Englishman River. There are eurrently 37 water licenses (October 1994) within the
Englishman River Water Allocation Plan Area (Boom and Bryden 1993). These licenses
are concentrated in the lower part of the Englishman River and Morison Creek. About
85% of the drinking water for Parksville and the surrounding area currently comes from
groundwater sources,

In 1998, the Amrowsmith Dam was compieted to improve the fish habitat and domestic
water supply. The dam is a joint venture with Amrowsmith Water Services, City of
Parksville, Town of Qualicum Beach and the Regional District of Nanaimo. Half of the
water stored will be used to increase or maintain flows for fisheries purposes (I.GL Lid.,
2001).

According to flow data collected at the Water Survey Canada hydrometric station near
Parksville {OBHB00Z), the mean tnonthly discharge of the Englishman River varies
betwsen a minimum of 1.26 m*/s in August and a maximum of 29.25 m’/s in December,
resulting in an snnual mean of 13.7 m¥s.

Craig Creek originates approximately 3 km south of the property and flows in a nerth
direction to discharge into the Georgia Strait. Craig Creek is not presently gauged and
flow data are not available.

2.3 Preliminary Subdivision Layout

A preliminary layout concept for the proposed subdivision is presented in Appendix A.
As originally proposed, the concept involved four large acreage properties (average size
27 acres) at the north end of the site, 134 lots averaging 3 acres in size and approximately
40 dwellings clustered in the southeast corner of the property for a total of 178 lots.
Following input from local residents and stakeholders at a meeting in Parksville during

&
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December, 2002, ERLC has proposed to replace the 40 cluster units with approximately
half the nummber of dwellings (i.e. 20 lots) on lots of about 3 acte size. Therefore, for the
purpose of this report, water demand has been determined on the basis of 160 lots.

3.0 SCOPE OF WORK

The scope of work for this hydrogeological assessment was designed to address the
following terms of reference:

1.

Is there a high probability that an adequate water supply (both adequate quantity
and gquality) can be obtained from groundwater aquifers to meet the required
demand for the proposed subdivision and is this water supply sustainable over the
long-term?

If a water supply is developed, will it or will it not result in detrimental effects on
surface water systems, for example, decreased low flows in the Englishman
River? .

If a water supply is dcvélnped, will it or will it not result in detrimental effacts on
existing or future wells pumping fiom the same aquifer?

To answer these questions, the following work program was carried out:

Relevant information on local and regional hydrogeologic conditions was collected,
This included published geologic reports, well logs, water quality reports and
information on surrounding municipal water systems from our in-house files;

Maps and cross sections were prepared to identify the thickmess and lateral
boundaries of aquifers and to determine the relationship between the aquifers and
surface water systems; '

Field reconnaissance was carried out in the Englishman River valley to observe
geologic exposures and features such as springs on the valley slopes;

A conceptual hydrogeologic model was developed detailing the geometry of the
aquifer systems, sources of recharge and hydraulic r¢lahunshp with surface water
systems;

A numerical finite-difference groundwater flow model was developed and used to
simulate the effect of aquifer pumping at the required design demand for a period of
50 vears;

All results were interpreted w'lﬂun the context of the tetns of reference described
above; and

Thus technical report was prepared describing the evaluation methods used, the results
obtained and the conclusions reached.

s
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4.0 REGIONAL HYDROGECOLOGIC CONDITIONS

4.1 General

The study area lies within the narrow coastal lowland on the east coast of Vancouver
Island. This lowland is bounded by Georgia Strait to the north and east and by
mountainous terrain (Vancouver Island Range) to the west.

The coastal lowland is in the rainshadow of the Vancouver Island Range resulting in
warm, dry summers and wet, mild winters. Total annual precipitation published by
Environment Canada for two nearby weather stations (Nanaimo Airport and Qualicum
River) range from 1144 to 1293 mm.

4,2 Bedrock

Based on information reported by the Geological Survey of Canada (1969), bedrock in
the study area consists of tuff and breccia, limestone, argillite, quartzite and greenschist

 underlying sandstone, shale, coal and minor conglomerate of the Comox Formation
(Figure 3). Based on our experience in this region, wells drilled into bedrock aquifers are
generally capable of supplying domestic needs for single dwellings. High yielding
bedrock wells, capable of meeting the demand requirements of a large subdivision, are
Very uncommon.

According to the geologic map, the valleys of the Englishman River and South
Englishman River follow geologic fanlts in the vicinity of Block 564. Local faulting of
the bedrock may enhmice the permeability of the rock mass such that locally, bedrock
aquifers may produce somewhat greater yields to wells when compared to zones of
bedrock that are not faulted. Fractured bedrock may also play a role in the lateral transfer
of groundwater.

4.3 Overbarden Deposits

The soil deposits in this part of Vancouver Island have three main origins (glacial, marine -
and fluvial). The type, thickness and extent of the various overburden deposits is a
function of the sequence of geologic events that occurred (e.g. rise and drop of sea level,
advancement and melting of the glaciers during the various glacial episodes, erosion and
deposition caused by streams, etc.).

ebQ
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According to Clague (1977), on the southeast coast of Vancouver Istand, the overburden
deposits consists of three formations (see inset map and surficial geologic profile after
Clague on Figure 1). One of these three formations, the Quadra Sand, consists of
horizentally and cross-stratified, well sorted sand, minor silt, and gravel. It is overlain by
till and related glacial sediments deposited during the Fraser glaciation and is undertain
by fluvial, estuarine, and marine sediments deposited during the preceding nonglacial
interval. The Quadra Sand plays an important role in the subsurface hydrogeology
because it can store and transmit groundwater, and has a high potential as a drinking
water source.

The Quadra Sand is commonly used for water supply for communities on the east coast
of Vancouver Island. Table 1 provides some information on water systems relying on
CQuadra Sand aquifers, from Comox to Lantzville.

Table 1: Water Systems Relying on Qunadra Sand Aquifers

Area Comox Parksville Lantzvilte
Number of wells > 1000} =200 =20
Popuiation served = 3000 = 5000 > 3000
Yield of most| > 2000 L/min > 700 L/min > 500 L/min
productive wells
Years in operation > 50} years > 20 years > 20 years
Notes: ">" means greater than.

L/min = litres per minute

As shown, these aquifers provide the primary drinking water source to a population in
excess of 10,000 people and have been doing so for a period of decades.

*
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5.0 LOCAL HYDROGEOLOGIC CONDITIONS

An understanding of local hydrogeological conditions was developed from review of well
logs, preparation of maps and cross sections, and reconnaissance in the Englishman River
Valley. A map showing water well locations, cross section Iocations, drainage features
and other details is presented on Figure 4. Hydrogeologic cross sections AA', BB' and
CC" are presented on Figures 3, 6 and 7, respectively.

Based on review of this information, the following units have been identified, as
described from surface downwards (Table 2):

Table 2 - Summary of Soil and Bedrock Deposits In Study Area

Desionation

Description

Thickness

Commentis

Unit 1

Uppertill

absent to 20 m

Craig Creek flows atop
this unit across southern
part of study area (see
Figure 5)

Unit 2

Upper sand and gravel

up to 20 m

This umt exposed acruss
much of site. Has been
used historically for
construction aggregate,
Saturated thickness is
abont 5 m on the subject

property.

Umt 3

Middle il

npio 20 m

This undt acts as a
confining layer for Unit 4

Uit 4

Lower sand

up to-30m

This unit is interpreted to
be Quadra Sand

Unit 5

Lower till/clay

uptoSm

Unit 6

Bedrack

not applicable

Predeominantly shale and
sandstone
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Unit 2 and Unit 4 are the two units that are permeable enough to store and transport
groundwater and could potentially provide a drinking water source for the proposed
subdivision. However, Unit 2 presents some limitations: i) it is locally only partizlly
saturated (the saturated thickness of the aguifer is typically about 5 m - see Figure 5) and
i) groundwater being transported through Unit 2 probably plays a key role in supplying
water to the local streams {(the Englishman River and Craig Creek). Therefore, any long
term extraction of groundwater from Unit 2 could potentially reduce the baseflow of
these streams, depending on the location of the wells compieted in this unit.

Unit 4 is interpreted to be the Quadra Sand. The horizontal extent of Unit 4 in the study
area, interpreted from well records, is presented on Figure 4. Being confined, fully
saturated and of a relatively large extent, Unit 4 has the highsst potential to provide a
reliable source of drinking water.

Throughout the remainder of this report, the following terminology is used to refer to
Units 2, 3 and 4.

e Unit2: Upper Aquifer
» Unit 3: Confining Layer
o Unit4: Lower Aquifer

Exposures of soils on the slopes of the river valleys were examined during a
reconnaissance by cur staff in Novernber, 2002. Near vertical exposures of hard silty
sandy till were observed along the South Englishman River and within the southern
reaches of the Englishman River to a point approximately 500 m downstream of the
powerline crossing. This silty sandy till is interpreted to be the Confining Layer (Unit 3).
From this potnt 500 m downstream of the powerline crossing to the northwest corner of
the property, sand and gravel is exposed in the base of the tiver valley. This sand and
gravel is interpreted to be an cutcropping of the Lower Aquifer. At the northwest corner
of the property, where the Englishman River changes course towards the northwest,
bedrock is exposed in the river valley. Examples of exposures of the Lower Aquifer and
Confining Layer are illustrated on Photographs 1 and 2, respectively,

h
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Photo 1: (Above) Showing lower sand
and gravel at junction of backwater
channel and main stam of Englishman
River approximately 500m
downstream of powerline crossing.
This may represent an outcropping of
the Lower Aquifer.

Photo 2: (Left) Showing near vertical
hard silty sandy till and minor spalling
off face of deposit near same location
as Photo 1 above. This represents the
Confining Layer between the Upper
Aquifer and Lower Aquifer.
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6.0 HYDROGEOLOGICAL ASSESSMENT

Based on the interpretation of local hydrogeological conditions as described above in
Section 5.0, the hydrogeological assessment has focussed on the suitability or limitations
of developing a water supply for the proposed subdivision from the confined Lower
Aquifer. In accordance with the terms of reference, the assessment has involved
evaluation of the following:

s Water quality in the Lower Aquifer relative to applicable puidelines for dnnking
water;

+ Ability of the Lower Aquifer to supply the required water demand over the long-term;

« Effect of pumping on drawdown in existing or futurz new wells constructed nearby
the property in the Lower Aquifer; and,

» Effect of pumping on surface water systems, particularly low flows.

1

6.1 Water Quality

A water sample was collected from a well in the Lower Aquifer near the north boundary
of the property on November 20, 2002. This well is located at the Minisiry of
Transportation and Highways weigh scale facility where the Island Highway bisects the
preperty {Well Tag No. 50036 - See Figures 4 and 6 for location). A copy of the
analyticai report from the testing of this well is included in Appendix B. The results from
the testing of this sample, as well as existing data for multiple satnples collected from 23
nearby municipal wells that draw from the Quadra Sand are compared with Canadian and
provinciat guidelines for drinking water quality on Table 3.

Based on review of this extensive water quality database, and from our previcus
experience in the ares, water quality in the Lower Aquifer is well suited as a drinking
water source. The only parameters which do ot meet guidelines are iron and manganess
which may exceed the aesthetic objectives in localized arcas. It is noted that the sample
from the weigh scale well and samples from the Lantzville system have iron and
manganese concentrations that meet the guidelines but some samples fiom the Parksville
area are above the gwdelines for iron and manganese.

Based on these results, 1t is expéﬂtad that the water quality in the Lower Aquifer will be
well suited for drinking watet. Depending on localized water quality conditions in the
aquifer, treatment for iron and manganese may be required.

=
eQ
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TABLE 3

Comparison of Water Quality to Drinking Warer Guidelines

e

Minlstry of Transportation
Parametor Usit Gubdellne | Reason' { and Highway Walgh Scale
Wl
Physlcal Paramwters
H pH units 65-85 AQ 8.08
Ezlor True cu 15 AQ <5
nductivity pSierm 700 BCAWQG 79
Total Dissclved Salids mg'L 500 AO 154
Turbidity NTU 1 MAC 1.9
A nbona
oride mg/L 250 AD 10.6 |
uoride mgl. 1.3 MAC 0.08
Iphate mg/L 500 AQ g
nirlemis
Nitrate Nitrogen mgL ag N 10 MaC 0.1
Mitrite Witrogen mg/L aa N t MAC .1
Tatal Metaks I
Antimany mg/L 0.006 IMAC <0.0005
i mgT. 0.025 IMAC <0001
mg/L. 1 MAC 0,02
ma/L 5 IMAC 0.1
mgfL 0.005 MAC <0.0002
mg'L 0.05 MaC «0.002
ﬁmg;"L 1 AL} 0.1
mg/L 03 ADQ 0.21
mg/L 0.01 MAC 0.007
mg/L 00 BCAWOQG 8.6
mg/L 0405 AD 0.c07
mg/L 0.001 MALC =(0.0002
mgL 0.01 MaC <,001
mg/L 204 AD 11
mg/L 0.02 MAC <0.000%
mgL 5 AQ 0.08

Motes:
1) The reason for the guideline is either MAC (maximuwn allowable concentration},
EIMAC (interim maximum allowable concontration) or AD {xesthetic ohjective).

CDWS - Canadian Drinking Water Standards {2001)
BCAWQG - BC Approved Water Quality Guidelines (1998)

Fita: S:M805-emAProjectst 20020588 7561.0011Tabie 3 - Waler Quakity,xis

Project Mo. 0805-5807581.001
Date Last Modifled: 3-Jan-03



TABLE 3 {continued)
Comparison of Water Quality to Drinking Water Guidelines

- - ki, S S
I; ] Lantzville Wells !
ranseter Uait Guldeline | Reason'
I MIN | MaX | MEAN | coUNT
[Physical Parsmeters
H B pH unite 65-83% AD &.7 8.5 7.38 14
Igalm‘ True cU 15 AD <5 10 NiA 26
Specific Conductance uSem 100 | BCAWQGE 7 330 231 s
Total Dissolved Sclids mg/L 500 AC 64 230 156 as
Turbidity NTU 1 MAC <G,1 12 N/A 28
A mboma
aride mg/L 350 A0 ] 118 | 562 | 255 34
Igfnride me/L 1.5 MAC <005 | 051 | N/A 14
Sulphate mg/L 500 Ao ] 095 | 176 | 873 as
Nutrlenis
Nitrate Nitrogen mg/L sa N i MAC 0.4 131 | 0.784 30
[Nitrite Nitrogen my/L saN ] MAC [ <0.0005] 0.056 | N/A 31
Total Mctals
[Antirmony mgiL 0.006 IMAC | <0015 | 003 | NA 29
L& reenic mg/'L 0.025 IMAC
i mg/L 1 MAC 0002 | 0009 | 0006 3
mg/L 5 IMAC | 0138 | 022 | 0130 32
mg/L 0.005 MAC | <0.000L{ 0002 { N/A 31
mgiL 0.05 MAC | <0.0005 | 0.007 | N/ 32
mg/L 1 AO <000l | 0338 | N 1. 32
mg/L 03 AO <0003 | 024 | NA 34
mg/L 0.01 MAC | <0002 | 0035 {| N/A 32
mg/L 700 Beawoa]l o026 | 105 | 746 33
mg/L 0.05 AD <000 | 0016 | NA 35
mg/L. 0.001 MAC I - - - -
mg/L 9.0! MAC <oo0o0s| 03 N/A 12
mg/L 100 a0 |<ogom| 202 | 120 1
mg/L 0.02 IMAC - - - -
mg/L 5 AQ | <000z § 0.087 | N/A 33

Notes:

1} The rzason for the guideline is either MAC {maximum allowalble concentration),
IMAC (interim maximum allowable concentration) or AQ {aesthetic abjactive).
CDWS - Canadian Drinking Water Standards (2001)

BCAWOQG - BC Approved Water Quality Guidelines {1998)

2) Statistics calculated based on mutiiple samples from & wells.

Argenic is not shown for Lantzville because the detection limit is abave the CDWS.
*! Denates parametsr not analyzed.
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TARLE 3 (continued)
Comparison of Water Quality to Drinking Water Guidelines

_ . - _
Wells mear Parksville ™
Paramcter Dalt Guideline Reason '
MIN | MAX | MEAN | COUNT
yikcal Parameters
H , pH units 6.5-8.5 AL} 5.55 8.25 737 iz
lor Trua CL 15 AG I - - - -
nductivity pmhosiom FO0 BCAWIK 1.9 420 2648 26
o] Dizsolved Solids mg/L 1L 1] AD 98 282 | i82 24
urbidity NTU . 1 MAC - - - -
abomn 1
locide meL 250 AO <035 30 o4 k] |
uoride mgT. 1.5 MAC <003 0.24 N/A pr)
Sulphiate _ mg/L 500 AQ | <05 14.7 171 29
uirienty
ftzate Nitrogen mg/L as N 10 MAC =0.04 B9 NiA 18
itrite Miirogen mg/L as N 1 . MAC <0001 | 0.002 NiA 17
Total Metals |
A ntimony gL 0.006 IMAC - - - -
Arsenic mg/L. 0.025 TMAC - - - -
Barium mg/L 1 MAC - - - -
Boton mg/L 5 IMAC I ; - - .
ium mgfL 0.005 MAC - - - - I
miur ng-fL 0.05 MAC - - - -
mg/L ; AQ . . - .
mg'L 0.3 Al <001 i} 0.3 3
Lzl mgL 401 MAC To- - - -
Magnezium mg/L 700 BCAWQGI 3.2 239 | 1270 24
Manganess jmg/L 0.05 AC <G.0005 | 0.26 NiA 3z
IMercury mafL. 0.001 MAC : : - -9
Selmium meL 0.01 MAC - - - -
Sodium mgL 200 AD | 4 43 52 28
1Jranium mg/L 0.02 IMAC - - - -
Eﬂ- IWL '-__5 A0 i - - I‘ - I
Notes:

1y The reason for the guideline is sither MAC (maximum allowable concentration),
[MAC (intertm maximum allowable concentration) or AO {acsthetic ohjective).
CDWS - Canadisn Drinking Water Standards (2001)

BCAWQG - BC Approved Water Quatity Cuidelines (1998)

7) Statistica calculxted hased on multiple zamples from 22 wells.

3} Drata are from & confidential report prepared by EHA.

L! Denotes parameter not analyzed.

Pagedof 3 - ' Projsct No. 0805-5887561.001
File; 530805-emdProlects\2O0NSAETH61.001\Table 3 - Water Quality.xls Defe Last Modified: 3-Jan-03
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6.2 Loung-term Sustainability of Aquifer Pumping

The following methodology was used to assess the long-term sustainability of aquifer
pumping:

1. The water demand for the suhdivision was determiined.

2. A conceptual hydrogeological model was developed integrating the geometry and
hydraulic interactions of the Lower Aquifer, Confining Layer and Upper Aquifer with
the surface water systems.

3. A numerical finite-difference groundwater flow model was constructed and calibrated
to existing (i.e. non-pumping} conditions.

4. Transient simulations were performed using the calibrated model to predict
drawdown in the Lower Aquifer after 50 years of pumping at the design water
demand. These simulations also accounted for pumping due to existing domestic
wells identified during the course of this study.

5. The resuits from the computer simulations of long-term pumping were reviewed to
determine the ability of the Lower Aquifer to sustain pumping at the required yield
without dewatering {i.e. “drying out™) the aquifer.

As was noted previcusly in Section 2.3 of this report, the original subdivision proposal
was to include water supply for 180 lots. Following results from a public information
meeting in December 2002, ERLC chose to revise the number .of proposed lots
downwards to 160, The modeling work done was originally developed on an
understanding of 180 lots and due to the schedule requirements of this project, time has
not been available to re-tun computer simulations with the lower water demand (103
USgpm) for 160 lots. Thersfore, as the computer simulations have been carried out on
the basis of demand from a 180C lot subdivision (about 120 US gpm), the results can be
viewed as conservative. In other words, the potential drawdown in nearby wells or
decreases in flows to adjacent rivers would be tess than those predicted using the design
water demand for a 180 lot mlbd{ﬁsiﬂn.

The results from each of the five steps listed above are described below.,

i
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6.2.1 Design Water Demand

Based on communications with the RDN, subdivisions must be served with a
water supply of 3.5 m'/day/connection, Based on 160 lots, the required water
demand is then 560 m’/day. Expressed in units commonly used in aquifer
pumping studies, this equates to a groundwater pumping rate of 103 US gallons
per minute {US gpm).

For the pumpose of elevating the long-term sustainability of aquifer pumping
studies, the design demmand of 103 US gpm has been used. However, based on our
experience with other water systems in the area, actual water demand is typically
significant less than 3.5 m’/day/connection. Actual daily discharge from the
Harby Road wellfield which supplies approximately 950 conmections in
Lantzville is presented on Figure 8. As shown, during 2001 the maximum 5 day
demand equated to approximately 1.6 m’/day/connection, less than half of the
design demand. Averaps daily demand is closer to 1.0 m*/day/connection.

To put the design demand of the proposed subdivision in contexi with other
municipal systems drawing from Quadra Sand aquifers, they are compared
graphically on Figure 9. Values for the Breakwater Wellfield, Parksville
Wellfields and Lantzville Wellfield are based upon actual metered consumption
during 2001, For comparison purposes, the demand for the proposed water
system was calculated based on 1 m*/day/connection, the average daily demand of
the Lantzvitle system. As shown, the water demand for the proposed subdivision
is small relative to existing utilities. Given thai conditions such as climate and
aquifer recharge rates are relatively similar in this region, Figure 9 illusirates that
the proposed utilization of the aquifer for this development is of low intensity
relative to simifar aquifers in the area.

6.2.2 Conceptual Hydrogeologic Model

A simplified hydrogeologic interpretation showing the hydraulic interactions
between the aquifers and surface water systems during pumping of the Lower
Aquifer is presented on Figure 10, The following interpretations are made with
reference to the conceptuzl model.

=
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W uifer

# The primary source of recharge to the Lower Aquifer is downwards leakage
across the till Confining Layer from the Upper Aquifer;

e« Due to the high hydravlic head in the Lower Aguifer, groundwater seeps
upward (see Figure 10} into the base of the Englishman River (i.e. the
Englishman River is 2 “gaining stream™};

» Upwards leakage into the Lower Aquifer from underlying till, clay or bedrock
iz neglected resulting in a conservative approach for aquifer recharge;

» Actual field cbservations suggest that the Lower aquifer may "daylight” on
the valley slopes north of the powerling crossing resulting in a localized
unconfined aquifer condition. Fer the purpose of evaluating the sustainability
of long-term aquifer pumping, this has been ignored resulting in a more
conservative (i.e. lower)} assumption of aquifer recharge. However, for the
purpose of evaluating the effect of purnping on the river system, the potential
for hydramlic communication between the Lower Aquifer and river has been
analyzed using a cautionary approach.

Upper Aquifer

o Sespage from the Upper Aquifer discharges on the slopes of the South
Englishman and Englishman River valleys which helps maintain summer
baseflows in the rivers;

« In response to pumping, there will be downwards vertical water losses from
the Upper Aquifer via leakage across the Confining Layer;

o Infiltration of stormwater and discharge from septic systems will add recharge
to the Upper Aquifer.

= Asnoted above, seepage into the rivers from the Lower Aquifer will decrease
in response to drawdown caused by pumping.

e Under conditions of pumping the Lower Aquifer, the Upper Aquifer wili
continue to be an important sowrce of water discharge to the river valieys.
Provided stormwater is managed to take advantage of infiltration to the Upper

L
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Aquifer, the amount of water discharging to the river valleys under conditions
of subdivision developrnent is not expected to change significantly from
presently existing conditions and may actually increase.

Craig Q- reck

e Across the southern portion of the property Craig Creek is perched atop 4
layer of till. In this arca the creek is hydraulically isolated from the pumped
Lower Aquifer by two layers of till and little hydraulic interaction is expected
(i.e. pumping of the Lower Aguifer is not expected to have any influence on
baseflow).

e Across the northem portion of the property Craig Creek is incised into the
Upper Agquifer (see Figures 6 and 7). In this area, stormwater discharged to
ground and discharge from septic systems will contribute beneficially to
baseflows in Craig Creek.

6.2.3 Aquifer Parameters

Transmiissivity (T} and storage coefficient (S} are physical properties of aquifers
that govern the release of water from storage and transmission of water. These
terms are defined on Figure 11.

Representative values for aquifer parameters determined from analysis of aquifer
purnping tests on mumicipal supply wells constructed in the Quadra Sand in the
Parksville area are summarized on Table 4. Mean values for aquifer parameters
are as follows:

» Transmissivity 8.7x 10 *m%s

e Hydraulic Conductivity 1.9x10 *m’s

o Storativity 2.1 x 10 * (dimensionless)
» Aquifer thickness 72m

The average aquifer thickness (7.2 m) from this database is somewhat less than
the 20 to 30 m thickness interpreted from well logs aear the north end of the
property. As a general rule, a thicker aquifer is capable of yielding greater
quantities of water to wells.

=
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NOTE: After Freeze and Cherry (1979)
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P PRELIMINARY HYDROGEOLOGICAL
ERA Engineering Consultants [id. g5q ASSESSMENT FOR WATER SUPPLY
AENT TT.E
ENGLISHMAN RIVER DEFINITION OF
LANO CORPORATION AQUIFER PARAMETERS
DA Z00M0U03  |owN JA8 EEG FILE MG 0805-5887561 001 ] FIGURE 11




TABLE 4
ESTIMATED VALUES OF AQUIFER PARAMETERS FOR QUADRA SANDS

Moda:
1 Geomelric mean caiculated, otherwise, remainder of mean values are arithmetic means.
2 Data source fram a confidential EBA, report for wells in Parksville, BC.

540805-enviProjects\2002\6887561.001\Table 4 - Aquifer Parameters. s

Number of
Minlmum | Maximum Measurements
Aquifer Data
Hydraslic Conductivity (m/s) ' 1.9E-04 2.1E-06
Transmisshvty (m?d} ' B.7TE-04 9.3E.05
Storativity ' 21E-03 1.0E-04
Aquifer Thickness {m) 7.2 0.9
Woll Data *
Specific Capacity (Lisim} 0.78 0.080 24 21
Discharge Rating (L/s) 4.5 17 12 21
i 72 28 185 21

Praject Na. 0805-5887561.001
Date Last Modified: 6-Jan-03
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6.2.4

Ancther parameter that is very important to the recharge of the Lower Aquifer
under pumping conditions is the vertical hydraulic conductivity of the silty sand
till Confining Layer. This parameter, which is very difficult to measure in the
field {due to the great expense and effort involved) controls the rate of vertical
leakage across the Confining Layer from the Upper Aquifer. Because the Lower
Aquifer is “confined” by a till layer, leakage govems the rate of recharge. The
rate of leskage from the Upper Aquifer governs the rate at which the aquifer can
be pumped over the long-term without causing excessive drawdown and
ultimately, dewatening.

EBA recently completed a very detailed pumping test in a confined aquifer
overlain by a similar silty sand #ill confining layer in the Vancouver area {EBA
2002¢). This test involved pumping an aquifer for a period of & weeks and
ohserving the hydraulic response in over 80 monitoring wells including numerous
wells installed in the confining layer. Based on this work a value of 1x10? m/s
for the vertical hydraulic conductivity of the silty sandy till was deterrnined. This
value was used in the numerical model for the vertical hydrautic conductivity of
the Confining Layer.

Data from municipal wells in the Parksville area have yicids ranging from 28 to
185 USgpm with an average of 72 USgpm. Therefore, it is reazonable to expect
that the required demand for the subdivision could be obtained from two wells
each pumping at about 51.5 USgpm.

Nuomerical Groundwater Flow Model

A description of the methodology used to comstruct and calibrate the numerical
groundwater flow model is contained in Appendix C. A brief summary of the approach
and discussion of results are provided below.

62.4.1  Geometry of Aquifers and Boundary Conditions

The interpreted horizontal extent of the Lower Aguifer and boundary conditions
are presented on Figure 12. All boundaries of the aquifer are assumed to be no
flow boundaries with the exception of a segment to the north of the property
where the aquifer is in direct hydranlic connection with Georgia Strait. No flow
boundaries along the perimeter of the Lower Aquifer imply that no recharge
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enters the aquifer from the peripheral regions; all recharge is via leakage from
above through the Confining Layer. At the northern limit of the model, the
boundary condition is assigned a constant head of 0.0 m corresponding o mean
sea level.

A map depicting the thickness of the Lower Aquifer is presented on Figure 13.
As shown, there is a lack of data on the continuity and thickness of the Lower
Aquifer to the south and southwest of the site. Near the north end of the propetty,
aguifer thicknesses of 20 to in excess of 40 m have been identified from well
records.

The estimated horizontal extent and boundary conditions assigned to the Upper
Aquifer are presented on Figure 14. For the purpose of evaluating the long-term
sustainability of Lower Aquifer pumping, the primary role of the Upper Aquifer is
to provide a “reservoir” of groundwater supplying vertical leakage across the
Confining Layer (refer to Figure 10). Simuiation of actual flow conditions in the
Upper Aquifer including discharge through a seepage face in the Englishman
River valley would require considerable additonal data and analysis and is not
required in order to answer the terms of reference for this study.

For the reasons discussed above, the boundary conditions for the Upper Aquifer
were simplified to include the following processes:

e Areal recharge of 282 mm/yr was applied over the northwestem portion of the
Lower Aquifer. This corresponds approximately to the area where granular
soils {Upper Aquifer) ars exposed at surface. The value of 282 mm/yr for
recharge was developed from an estimate of annual recharge in the Parskville
area using the Thomihwaite water balance method,

« Areal recharge has not been applied over the remainder of the Upper Aquifer
as interpretation of well records indicates that if is covered by a till iayer that
will imit infiltration rates;

» Recharge has been applied along the southern houndary of the Upper Aquifer.
This recharge cotresponds to groundwater segpage flowing into the study area
from areas to the south. The rates of recharge were developed based upon
simple calculations of groundwater flux using Darcy’s law and subsequent
changes made during calibration of the sieady state model.
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6.2.4.2  Aquifer Parameters

Agquifer parameters used in the numerical model were imtially selected using the
information summarized in Table 4 and were modified, where appropriate, during
the calibration stage. Final vaiues used in the calibrated model are described in
Appendix C.

6.24.3 Model Calibration

Model calibration refers to the processcs whereby adjustments are made to initial
values of aguifer parameiers, recharge, etc. until a better match to observed
conditions is obtained. In this case the model was calibrated to match observed
water levels (i.e. hydraulic head) in wells completed in both the Lower Aquifer
and Upper Aquifer.

The elevation of the piezometric surface in the Lower Aquifer resulting from the
calibrated steady-state (i.e. non-pumping) model is presented on Figure 15. The
calibrated steady-state model has a velatively good agreement with actual
observed water levels in Lower Aquifer wells.

6.2.44  Simulation of Long-Term Pumping

As described previously, due 1o relatively recent changes (i.e. December 2002) in
the mumber of proposed lots, the simulation of long-term pumping was carried out
using a purnping rate of 120 US gpm (based on 180 lots).

Contours of predicted drawdown in the Lower Aquifer after 50 years of pumping
are presented on Figure 16. It is noted that drawdown in the Lower Agquifer witl
have essentially equilibrated to the changes induced by pumping in a petiod much
less than 50 years, In other words, pumping for 75 or 100 years or longer would
not produce significantly different estimated drawdowns than those shown on

Fipure 16. ,
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The pumping of the Lower Aquifer by existing domestic wells was included in’
the simulation presented on Figure 16. Based on the distribution of existing wells
shown on Figure 4, groups of wells were represented by a single pumping well m
these areas pnmping at the aggregate rate of all wells. For the purpose of this
analysis, it was assumed that each domestic well pumps at a rate of 2 USgpm.
Therefore, for example, if 10 domestic wells were located in a particular region,
these were replaced by one well pumping at 20 USgpm.

As shown on Figure 16, maximum drawdowns of up to 3.5 m. are predicted near
the property boundary. Drawdowns in the order of 1.0 fo 2.5 m are predicted as
far away as the Island Highway, These drawdowns should, however, be viewed -
as conservative. Examples of why these drawdown estimates are considered to be
conservative include:

« The pumping rate assumed is based on 180 iots, not 160; and,
e A design demané of 3.5 m'/day/connection has been used while experionce
suggests that actual average day demand is closer to 1.0 m’/day/connection,

- 63 Drawdownin Existing Wells

Under certain conditions where a number of wells located in relatively close proximity
are pumping from the same aquifer, drawdown produced in the aquifer from the pumping
of one well may cause excessive drawdown in neighboring wells. Excessive drawdown
may result, for exampie, in a pump breaking suction, exposing a well screen to air
causing fouling or other effects that hamper operation of the well or cause requirements
for increased maintenance.

The procedure used to evaiuate the effects of pumping the proposed new wells involved
first calculating the aquifer drawdown at the positions of existing welis and second,
comparing the drawdown with the available drawdown in the existing welis. Available
drawdown is the height of the water column in the well less an allowance to maintain
submergence of the pump.

Drawdown in the Lower Aquifer was estimated from the numerical medel for 30 years of
pumping and contour lines depicting drawdown are shown on Figure 16. As an
independent check on the results of the model, an analytical solution (Hantush — Jacob)
for deawdown in a leaky confined aguifer was also used to determine aquifer drawdown
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at different radial distances from a pumping well after 20 years and 50 vears of pumping.
A brief description of the Hantush - Jacob calculations is provided in Appendix D. A
summary of the results from the analytical solutions is provided in Table 5 below.

Table 5
Sommary of Distance — Drawdown Results from Hautush - Jxcob Analysis
Disiance to Observation Aquifer Drawdown
Point from Neww Pumping Well
(m) (m)
160 2.8
504 1.2
2000 0.2
Note: Caiculations are for pumping a single well at 103 USepm for 50 years

The closest domestic wells are located a distance of approximately 500 m from the
proposed new wells. Based on the results presented in Table 3 and the drawdown
contours shown on Figure 16, drawdowns in the order of 1.0 to 3.5 m may occur at the
locations of existing domestic wells.

One nearby domestic well constructed in the Lower Aquifer is the well identified as
“Driliwelf” (the name of the drilling contractor) on Figure 5. Using this well as an
example, the available drawdown is in the order of 30 m. Drawdowns of 1.0 to 3.5 m in
this well (due to the proposed pumping) would correspond to about 3 ta 12 percent of the
available drawdown. Based on our experience, this amount of dmwdown would not
cause excessive interference of detrimentally effect operation of existing domestic wells.

As shown on Table 5, less drawdown would occur at greater separation from the
proposed pumping well(s). As was discussed in Section 6.2, experience has shown that
actual demand is typically less than the design demand that was used as a basis for thess
calculations. It is therefore considered that the actual drawdowns would likely be less
than those estimated.

V=
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6.4 Effect of Pumping on Surface Water Systems

Based on water levels measured in wells and results from the site reconnaissance it is
apparent that groundwater from the Lower Aquifer discharges into the Englishman River
system. In other words, the river is a “gaining stream”. As a result of aquifer pumping,
the amount of seepage reporting to the river will decrease as water is captured by the
pumping wells. A portion of this water will return to the river via the Upper Aquifer
following discharge of domestic wastewater from septic systemns and subsequent
renovation of the effluent in the ground. The method used to estimate changes in river
flows due to groundwater pumping was as follows:

1). The guantity of water seeping to the river under existing (i.e. non-pumping)
condiions was determined;

2).  The reduction in seepage to the river as a result of pumping was determined; and

3). The resulting reduction in river baseflow was determined and compared to low
flows gauged in the Englishman River.

It is recognized that two cases apply to river discharge from the Lower Aquifer.

Case 1: Along the southern reach of the study area, groundwater flows upward across
the till Confining Layer. This is the case shown on Section AA* (Figure 5).

Case 2: Along the northern reach of the study area, groundwater flows directly from the
Lower Aquifer into the river. This is the case shown on Cross Section BB®

{Figure 6).

The conceptual models and supporting calculations for groundwater seepage into the
river for Case 1 and Case 2 are presented on Figure 17. In both cases, conservative
assumptions have been used. The resulis are compared to low flows in the Englishman
River and to the design water demand on Table 6.
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Table 6
Comparison of Seepage to Englishman River Under Pumping and Non-Pumping
Conditions
Low Flow in Englishman River 1.26 m'fs
) 0.0064 m'ts
160
Design Water Demand (160 lots) (103 USgpm)

Non-Pumping FPumping Difference

Flow to river along confined section of river

(Case 1) (') 0.030 0.028 0.002
Flow to river along unconfined section of

0.029 0.023 0.006
river (Case 2) (m¥/s)
Total Reduction in seepage to River {m"/s) 0.008

As shown above, the total estimated reduction in seepage to the tver under pumping
conditions is 0.008 m’/s. This estimate is slightly in excess of the design water demand
(0.0064 m'/s) which suggests that the calculations probably overestimate the reduction in
seepage. To put these results in the context of the river low flows, pumping could
potentially result in a reduction of the river low flow from 1.260 m’/s to 1.252 m¥s, a
reduction of about 0.6%. This reduction is not considered to be appreciable and is likely
within the accuracy of the river gauge. A reduction of this magnitude is not anticipated
to detrimentally effect use of the tiver for aquatic habitat.
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7.0 CONCLUSIONS

The primary conclusions made from this study are as follows:

1.

A regionally extensive confined aquifer of Quadra Sand (Lower Aquifer) has been
identified beneath the study site. Similar aquifers are used extensively for municipal
water supply on the east coast of Vancouver Island between Lantzville and Courtenay
serving as the primary water source for in excess of 10,000 people.

Hydraulic analysis indicates there is a very high probability that the Lower Aquifer
can sustain long-term pumping te meet the required demand of the proposed 160 lot
subdivision.

Review of water quality data from wells pumping from the Quadra Sand indicates the
groundwater should be well-suited for domestic consumption. Depending on local
aquifer water quality, iron and manganese, which have guidelines in water supplies
for aesthetic reasons, tnay require treatment.

Based on computer simulations and analytical solutions, long-term pumping (L.e. 50
years) of the Lower Aquifer fo meet the design requirements of the subdivision
(3.5 m’/day/connection) may produce drawdowns in the order of 2 to 4 metres in
existing domestic wells located in the Lower Aquifer and directly adjacent to the
proposed subdivision. This represents about 3 to 12 percent of the 30 m of available
drawdown in these wells and is not anticipated to cause extensive interference or
detrimentally effect operation of existing weils. Less drawdown would occur in wells
at increasing distance from the proposed subdivision. As experience has shown that
actual average water demand in the study area is closer to 1 m’/day/connection, actual
drawdowns would probably be significantly less.

Long-term pumping of the Lower Aquifer is not anticipated to significantly effect
flows in the Englishman River, South Englishman River or Craig Creek. This is due
to the presence of a confining layer of clay or #ll that significantly attenuates
hydraulic interaction between the surface water systems and the Lower Aquifer.

The flows in Englishman River, South Englishman River and Craig Creek

(particularly the low flows) will also be influenced by absorption of wastewater and
stormwater. This is due to the fact that the Upper Aquifer will absorb wastewater and

L
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stormwater from the proposed development and the Upper Aquifer is in direct
hydrsulic communication with the South Englishman River and Englishman River
through seepage zones and springs in the river valley and with the lower portions of
Craig Creek through the water table,

8.0 RECOMMENDATIONS

It 15 understood that if re-zoming of Block 564 proceeds, ERLC will proceed with
subdivision application and will create a water utility. Responsibility for operation of the
utility will then be assumed by RDN.

Based on this understanding, two recommendations follow from this study.

1. As part of the reguirements to create a water utility, it will be necassary to prove the
water source. This will involve the drilling of ome or more production wells,
performing an aquifer pumpmg test(s) and analyzing water samples 1o determine
water quality. It is recommended that following completion of this field work, the
conclusions of this report be reviewed in light of the new information to ensure that
the assumptions and conclusions of this report remain valid.

2. The Englishman River and Craig Creek are important aquatic habitat and adequate
baseflows in these systems are important for fish survival Groundwater discharge
from the Upper Agquifef is significant in maintaining adequate baseflows and the
methods used in managing stormwater from the proposed subdivision are important
in the water balance for this aquifer. For these reasons it is recommended that
stormwater management for the proposed subdivision take maximum advantage of
the ability of the granular soils exposed on site to infiltrate stormwater and maintain

" baseflows in the rivers and streams.
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APPENDIX A

Concepiual Layout for Subdivision
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APPENDIX B

Water Quality Test Reports
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REMARES File No. S2657a

The submitted water samplea met the Canadian Drinking Water Guidclines for ail
parameters anatysed.
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RESULTS OF ANALYSIS - Waterx

File No. 52657a

Sample TD D.O.T.
W. Scals
Well A
Sample Date 02 11 20
Sample Time 12:30
Colour c =h
Conductivi fuS/cm) 279
Total Id Scolids 153
Hardness CaCO3 113
rH 82.06
Tunbidity NTLT) 1.9
mw—%mi CalQ3 121
Chlaride Cl 1.8
Flucoride F 0,08
Sulphate S04 9
Mutrients
Mitrate N N <D.1
Mitrite Niirogen N <0.1
Alnydrom T-Al <0,01
Antirocey T-5b =0.0005
Arserde T-Aa <0001
Barflum T-Ba <0.02
Boron T-8 <,1
Cadmmiarn T-Cd <0.0002
Caletum T-Ca 312
Chromivm T-Cr <3002
Copper T-Cu 0. 10
Iromn T-Fe 0.21
Lead T-Pb 0.007
Magnestum  T-Mg 8.5
Manganese T-Mn 0.007
T-Iig <0, D002
Potasafum T-K 0.8
Selemiom T-Sa <0.001
Sodhun T-Na 11
Uranium U <0,0001
Arn T-Zn 009

Rmarksrcgardmgthcanr:llﬂm appear at the beghnning of this report.
an

Reanlta are expresased grama per lire except where noted.

« = Lesa than the detacHon Bt adicated.
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Appendix 1 - REGULATORY CRITERIA
Health Canads
of Culdetines for Canadian Drinkdug Water Qualty,

Aﬁ%ﬂuu are Maxtromrn Acceptable Concentradon (MAC) unless
otherwise indicated.

Lirmnits expresasd as m;[lligmmsper]:lu'ccmcptpﬁ Torbidity,

Colmar, and Coliformn Bact,

File No. 52657a

Lower Tpper
Limit Limit Notzs

Colotr (1) - 15 cu 1
Total Dissolved Solida 500 mg/L 1
Hardness CaCo3 - - 2
Hfﬂ; 6.5 8.5 1

idity N1 - b NTU 1.4
Chlcride Cl - 260 mg/L 1
Fhuarids F - 1.5 mg/L
Sulphate 504 - B0 mg/L 1,5
Miratc Nitrogen N - 10.0  mg/L
Miirite Nitrogen N 1.0 mg/L

Total Metals

AntHmony T-5b - 0.008 mg/L &6 7
Araend: T-As - .025 &
Barium T-Ba - 1.0
Baorem T-B - 50 mgslL 8
Cadmtiim T-Cd - 0.005 mg/L
Chromium T-Cr - 3085 mg/L
Copper T-Cu - 1.0 mg/L 1,3
lrom, T-Fe - 0.3 mg /1. 1
Lead T-Pb - 001 g/l 3.7
Manganeae T-Mn - 0.0% mg/L 1
Merrury T-Hg - 0.001 mg/L
Selenium T-Se - 0.01 mg/L
Sodhum T-Na - 200 mg/L 1
Urarsbom T-u - 0.02 rngfL i
Zinc T-Zn - 50 mg/L 1.3

1 Aeathetic Objective (AD) (taste, odour,

ce, ate,)

appearan
Z Maxdomim not eatablshed, levels > 200 mg/L are considered peor

but may

3 At point of consu
4 1 NTU maxirmum

be tolerated,

Tﬁowai for watsr entering diséributon systems.

5 There may be a laxative effect in some ndviduals when sulphate

levels exteed 500 mg/
& Inteyim Maximim Acceptable Conwentration [[MAC)

L.

¥ Firul drawn waler 1ay be high, Thash syslem belore samplng,

Page 3
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Appendix 2 - METHODOLOGY File No. 52657a

Cratlnes of the methodeologles utilized for the analysis of the samples submitted
are as follows:

Colour in Water

Thig 818 18 carried cut using procedures adapted from APHA Method 2120
"Color”. Colour (true colour) is determined by filt a sample through

a 0,45 micron membrane filter followed tg: analysis of the filtrate using

the platinum-cobalt colourimetric method.

Recommended Holding Time:
Sample: 2 days
Reference:
For more detail see ALS Environmental "Collection & Sampling Guide™

Conductivity in Water

This analyais is carrled out using procedures adapted from APHA Method 2510
"Conductivity”. Conductivity is determined using a conductivity electrode.

Recommended Holding Time:

Sample: 28 days
Reference: APliA
For more detall see ALS Environmental "Collection & Sarupling Guide”

Solids in Waterx

This analysis is carried out using procedures adapted from APHA Method 2540
"Solids". Solids are determined gravimetrically. Total dissolved solids

{TDS) and total suspended solids (TSS) are determined by filkering a sample
through a glass fibre filter, TDS is determined by evaporating the filtrate

to drymess at 180 degrees celslus, TSS is determined by drying the filter at

104 degrees celsius. Total solids are determined by evaporatng a sample to
dryness at 104 degrees celsins. Fixed and volatile solids are determined by
lgniting a dried sample residue at 550 degrees celsius.

Recommended Holding Time:
Sample: 7 days
Reference:
For more detai] see ALS Environmental "Collection & Sampling Guide”

Page 4
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Appendix 2 - METHODOLOGY (cont'd) File No. 52657a

Conventional Parameters in Water

These s are carried out in accordance with procedures described in
"Methods for Chemical Analysis of Water and Wastes” (USEPA). "Manual for
the Chemical Analysis of Water, Wastewaters, Sediments and Biological
Tissues” (BCMOE], and/or "Standard Methods for the Examination of Water
and Wastewater" (APHA). Further details are available on request.

pH ln Water

This analysis is carried out using procedures ada ted from APHA Method
AG0QO-H "pH Value". The pH is determined in the ratory nsing a pH electrode.

Recommended Holding Time:
Sample: 2 hours
Reference: APHA
For more detail see ALS Environmental "Collection & Sampling Guide”

Turbidity of Water

. Thts analysis is cartled out using procedures ada ed from APHA Method 2130
“Turbidity”. Turbidity is determined by the nephelometric method.

Recommended Holding Time:
Sample: 2 days
Reference: APHA
For more detall see ALS Environmental "Collection & Sampling Guide”

Alkalinity in Water by Colourimetry

This analysis is carred out using procedures adapted from EPA Method 310.2
"Alkalinity”. Total Alkalinity is determined using the methyl orange
colourimetric method.

Recommended Holding Time:
Sample: 14 days
Reference:
For more detail see ALS Environmental "Collection & Sampling Guide”

Page 5
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Appendix 2 - METHODOLOGY (cont'd) File No. S2657a

Dissolved Anfons in Water by Ion Chromatography

This analysls is carried out using procedures adapied from APHA Method 4110
"Determination of Anions by Ion Chmmatn%‘aph}f" and EPA Method 300.0
"Determination of Inorganic Anions by Ion Chromategraphy”. Anions are
deierniried by fillering (he sample (hrough a 0.453 micron membrane [Hller and
injecting the onto a Dionex IonPac AG17 anion exchange column with

a Fﬂroxlde eluent stream. Anlons routinely determined by this method
include: bromide, chloride, fluoride, nitrate, nitrite and sulphate.

Recommended Haolding Time: '
Sample: 28 days (bromide, chloride, fluoride, sulphaie)
Sample: 2 days (nitrate, nitrite)
Reference: APE'A and EPA
For more detail see ALS Environmental "Collection & Sampling Guide”

Fluoride In Watler

This is is carried cut using procedures adapted from APIIA Method 4500-T
"Fluoride”. Fluoride s determined using a selective ion electrode.

Recommended Heolding Time:
Sample: 28 days
Reference: APHA
For more detail see ALS Envirenmental "Collection & Sampling Guide”

Mectals in Water

This 18 is carried out us rocedures adapted from “Standard
Methods for the Examination of Water and Wastewater” 20th Edition 1998
published by the American Public Health Association, and with procedures
adapted from "Test Methods for Evaluating Solid Waste” SW-846 pubiished by
the United States Environmental Protection Agency (EPA). The procedures
may involve preliminary sample treatment by acid tion, using elther
hotplate or microwave oven, or filirtaton (EPA Me 30054).

Instrumental is by atomir abaorption/emission spectrophotometry
(EPA Method 7 series), ind coupled plasma - optical emission
specirophotometry (EPA Method 6010B}, and/for inductvely coupled plasma -
mass spectrometry (EPA Method 6020).

Recommended Holding Time:

Sample: 6 months
Reference: EPA

Page 6
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Appendix 2 - METHODOLOGY {cant'd) File No. $2657a

For more detafl see:  ALS "Collection & Sampling Guide”

Mercury in Water

This sis is carried out usin%‘;:mccdmts adapted from "Standard
Methods for the Examination of Water and Wastewater” 20th Edition 1998
published by the American Public Health Assoclation, and with procedures
adapted from "Test Methods for Evaluating Solid Waste” SW-846 published by
the United States Environmental Protection Agency (EPA). The procedure
involves a coid-oxidation of the acidified sample using bromine

monochloride prior to reduction of the sample with stannous chloride.
Instrumental analysis is by cold vapour atomic absorption and /or
flucrescence spectrophotometry (EPA Method 7470A/7471A/245.7).

Recommended Holding Time:
Sample: 28 days
Reference: EPA
For more detail see ALS Environmental "Collection & Sampling Guide™

End of Report
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' APPENDIX C
Description of Methodology and Assumptions Used for Numerical Model

(In Preparation)
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' APPENDIX D

Szmmary of Drawdown Calcnlations Using Analytical Solntions




Appendix I
Analytical Solutions for Aquifer Drawdown Using Coopet-Jacob and Hantush Methods
Background

Analytical solutions developed by Cooper and Jacob -::1;‘534I5}i and Hantush and Jacob
(1955)" were used 1o estimate the drawdown in the Lower Aquifer at selected distances
from the proposed pumping weils. Analytical solutions use mathematical equations that
have been derived 1o represent specific conditions of flow within the subsurface. Each
analytical method is restricted by certain assumptions that usually over simplify the rue
conditions within an aquifer. The use of the solutions in this case, however, provides a
means of completing an independent verification of the estimated drawdowns derived
from the numerical model.

To facilitate the calculation of the drawdown in the aquifer, EBA has assumed that there
is a single pumping weil operating that extracts 6.32x10° m¥s (103 USgpm) over a
course of 20 years and 50 years. The aquifer parameters used in our calculations are
derived from our summary of Quadra Sand aquifer parameters included in "Table 4 in the
main body of the text. In the case of the leaky aquifer solution (Hantush and Jacob), a
value of 1x10°® mvs has been used for the vertical hydraulic conductivity of the confining

layer.
Cn-dpcr—]acub Analytical Solution

The Cooper-Jacob solution is an approximation of the Theis (1935) solution for a
confined aguifer and is governed by the same assumptions as Theis. These assumptions
are as follows:

1) The aquifer is uniform in character and the hydraulic conductivity is the same in
all directions;

2) The aquifer is uniform in thickness and infinite in area;

£)] The formation teceives no recharge from any source;

4) The pumgped well penetrates the full thickness of the aquifer;

5) The water removed from storage is discharged instantaneousty when the head is
lowered;

&) The pumping well is 100% efficient;

E All water removed from the weil comes from aquifer storage;

3) Laminar flow exists in the well and aquifer; and, '

3 The piezometric surface has no slope prior to pumping.

The Cooper-Jacob sohition is rcpres:cnte:d by the following equation;

s =0.1830 log 2.25T¢
T s



Where: s = drawdown in m, Q = pumping rate in m’/day, T = transmissivity in m’/day,
S = storativity, r = distance in m from the centre of a pumped well to where the
drawdown is measured and t = time since pumping started in days

The accuracy of this approximation is typically within 1% of the Theis solution when
u<0.03 (small radial distance or large time) where u = £28/4Tt. For each value of rand 1
used, the u value was less than 0.03 (argest valug of u was 0.001).

Hantush-Jacob Analytical Solution

This solution assumes that pumping has continued for a significant period of time and
that most of the groundwater flowing to the pumping welt originates from water leaking
through the confining layer. The assumptions upon which this solution is based are
summarized below.

1) The confined aquifer has been assumed to be horizontal and extends infinitely ina
radial direction. The confined aquifer and confining layer are komogeneous and
1sotropic.

23 The initial piczometic surface in the confined aguifer is horizontal and extends
infinitely in the radial direction. The piezometric surface in the unconfined
aquifer (overlying the confining layer) is hotizontal and extends infinitely in the
cadial direction. The water level in the unconfined aquifer remains constant
during pumping.

k)] Ciroundwater density and viscosity are constant.

4) Groundwater flow can be described by Darcy’s Law.

5} Groundwater flow in the confining layer is vertical and in the pumped aquifer is
directed radially towards the well. {This assumption is valid when m'/B<0.1.)

6) The pumping and observation wells are screened over the entire aquifer thickness.

£} The purnping rate is constant.

8) Head losses through the well screen and pump intake are negligible.

9) The pumping well has an infinitesimal diameter.

10)  The confined aquifer is compressible and completely elastic, The confining layer
is incompressible.

11)  Storage in the confining layer is neglected.

The Hantush-Jacob method is represented by the following equations:
-2 x o= where: B'= Im
2nT B K'

and where K, is obtained from the leaky well function of B, m' = thickness of the
confining layer in metres and K’ = vertical hydraulic conductivity through the confining
layer, The data table summarizing values of K, was obtained from Fetter (1994).



Results

The Cooper-Tacob approximation suggests that the well will induce a drawdown within
the lower aguifer of approximately 6.1m at 100m from the pumping well, 4.5m at 300m
from the pumping well and 3.1m at a distance of 2000m from the wel} after 20 years of
pumping. EBA also calculated the Cooper-Jacob approximation for a well pumping for
50 years and found that the drawdown increased to approximately 6.6m at 100m from the
purnping well, Sm at 500m from the pumping well and 3.6m at a distance of 2000m from
the pumping well.

The Hantush-Jacob solution suggests that the well will induce a drawdown within the
lower aguifer of approximately 2.8m at 100m from the pumping well, 1.2m at 500m from
the pumping well and 0.2m at 2000m from the pumping weil.

A summary of the resuits is attached in Table D1.

| Cooper, H.H., and Jacob, C E. {1946). A Generulized Graphic Method for Evaluating Formation
Constants and Summarizing Well Field History. Transactions, American Geophysical Union, Val. 27, No.
4, pp. 526-534. -

i Haphush, M.S. and Jacob, C.E. (1955), Non-steady Radial flow in an Infinite Leaky Aquifer, Transactions,
American Geophysical Union, Vol. 36, No. 1, pp. 95-10C.

® Theis, C.V. (1935), The relation between lowering of the piezametric surface and rale and durution af
discharge of a well using groundwater storage. Transactions, American Geophysical Union, V.2, pp. 519-
524. - -



Table D1 Resutts of Cooper-Jacob and Hantush-Jacob Analytical Solutions
ISTANCE T0 OBSERVATION POINT | COOPER-JACOB BANTUSH-JACOB]

e
| TIME

PERIOD FROM NEW PUMPING WELL METHOD ! METHOD ?
(m) DRAWDOWN (m)| DRAWDOWN ) |
100 6.1 28 :
SO0 4.5

3.4

1 Cooper, H.H., and Jacob, C.E. {1 948), A Generallzed Graphic Method for Evaluating
Formation Constants and Summarizing Wel Field History. Transactions, American
Gaophysical Uinion, Vol. 27, No. 4, pp. 526-534.

2 Hantush, M.S. and Jacob, C.E. (1853), Non-staady Radial flow in an Infinite Laaky Aquifer,
Transactions, American Geophysical Union, Yol 36, Na. 1, pp. 95-100.
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Appendix C

Description of Methodology for Development of 3 Numerical Groundwater Model,
Block 564, Parksville, BC

This technical appendix is supplied as an Addendum to EBA's report titled "Preliminary
Hydroggological Assessment of Water Supply for Proposed Rural Residential
Subdivision, Block 564, Parksville, BC" dated January, 2003. This appendix describes
the methodology used to develop a numerical groundwater model. The model was used
to assess the response of a confined aquifer to long term pumping.

Model Development

EBA gathered and reviewed all available information pertaining to geologic, hydrologic,
climatologic and topographic conditions in the vicinity of the proposed area of
development (the Property). Using this information, EBA developed a conceptual
hydrogeologic model of subsurface conditions in the vicinity of the Property.

The purpose of the conceptual model was 1o identify relevant features and parameters
that would influence the development of a 3D numerical groundwater model for the area.
This included the following: thickness and areal extent of each aquifer, potential
boundary conditions, and recharge/discharge zones. Construction of the conceptual
model also allowed EBA to thoroughly review existing data available to calibrate the
model.

The numerical model was created using ModFlow software. Three distinct layers,
simufating the Upper Aquifer, confining layer and Lower Aquifer were utilized, The
areal extent and thickness of the Upper Aquifer and confining layer were discretized
using available borehole data Due to limited stratigraphic data, the lateral extent and
thickness of the Lower Aquifer was not descretized using borehole data. Instead, the
cross-sectional profile of the Lower Aquifer along Section AA! (Figure 5 of main text of
report) was assumed to be constant throughout the model. This cross-section was
projected northeast and southwest along the Englishman River valley based upon the
slope of the confining layer. Limited borehole data suggest the Lower Aquifer pinches
out towards the east, along Georgia Strait, but extends north and south along the coastline
(as per the results of the aquifer mapping program completed by the BC Ministry of
Water, Lands and Air Protection).

The initial aquifer boundaries were defined utilizing EBA’s understanding of the overall
hydrogeologic setting. The boundaries were then modified during model calibration, (as
necessary) to remain consistent with the conceptual model. EBA applied areal {vertical)
recharge over approximately 25% of the Upper Aquifer where the aquifer does not
appear to be overlain by glacial tiil. The areal recharge values applied were derived from
2 water balance estimation (Thornthwaite method) completed as part of a previous EBA
study of the Parksville area. EBA also applied lateral recharge to the Upper Aquifer
along the southern aquifer boundary. The lateral recharge rates initially applied to the
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model were calculated using the Darcy equation. Hydraulic gradient, hydraulic
conductivity and aquifer thickness assumptions were obtained from existing well
information along the south aguifer boundary. Lateral recharge rates were modified
during mode! calibration (as necessary) to optimize the predictive accuracy of the model.
EBA chose not to apply areal recharge to the Lower Aquifer, instead we allowed the
mumerical model to calenlate vertical leakage through the confining layer, as this seemed
the most conservative approach {due to the lack of available calibration data). In the
adopted steady state model, recharge to the Lower Aquifer occurs only via leakage
through the confining layer.

Discharge from the mode} is represented by a constant head line boundary along Georgia
Strait in the northeastern portion of the Lower Aquifer. Due to limited hydrogeologic
interpretations available regarding the Englishman River and Craig Creek, these were not
explicitly simulated in the numerical model at this time, Our understanding of the
hydraulic interaction between the Lower Aquifer and Englishman River suggests the
model predictions will be conservative' due ta this assumption.

Maodel Calibration

The first stage of model calibration was to establish a “steady state™ base model. Under
steady state, conditions are static and representative of the equilibrium reached in the
recharge, leakage and discharge sources in the groundwater regime. EBA selected three
existing wells completed within the Lower Aquifer and one existing well completed
within the Upper Aquifer as hydraulic head calibration locations for the numerical model.
In the absence of project specific field data, EBA utilized water levels from the original
well logs of the BC Ministry of Water, Lands and Air Protection Water Well
(BCMWILAP) database.

Following each consecutive mode] calibration nun, EBA compared the piezometric levels
reported in the BCMWLAP well logs with the numerical model output. The model
calibration accuracy was calculated from piezometric head comparisons using residual
mean, absolute mean and normalized root mean square (RMS) error. EBA meodified the
model parameters’ until an optimum level of accuracy was attained. EBA relied
exclusively upon static water level calibration for this model. Transient head calibration
could not be performed due to a lack of aquifer test (i.e. pump test) data. Water balance
catibration of the model (i.e. Englishman River baseflow) was beyond the scope of this
preliminary investigation. Table C-1 outlines the hydrogeologic parameters used in the
adopted steady state numnerical model.

| The drawdowns predicted by the modei from the pumping of the Lower Aquifer will
likely be greater than actual observations, due to zero recharge to the Lower Aquifer from
the rivers.
2 parameters modified during calibration included lateral recharge to the Upper Aquifer,
confining layer hydraulic conductivity and discharge boundary constant head.
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The adopted steady-state model suggests the northem arm of the aquifer controis
discharge to Georgia Strait through physical constriction of the aquifer (decreased widih
and thickness). Observations by EBA suggest the lower reach of the Englishman River
may actually be a discharge zone for the Lower Aquifer.

Sensitivity Analysis

A brief analysis of the numerical model was undertaken to establish which hydrogeologic
parameters are most sensitive. Sensitivity analysis beips to identify which areas of the
mode} require additional data or refinement. Table C-2 summarizes the sensitivity runs
conducted as part of this analysis. EBA varied hydraulic conductivity, recharge and
discharge constant heads as part of the analysis.

The sensitivity analyses suggest that increasing the hydraulic conductivity of the Upper
Adquifer, confining layer, and Lower Aquifer reduces the piezometric head estimation
error. However, increase of the hydraulic conductivity beyond the adopted mode] values
results in "dewatered” (i.e. dry cell) conditions. Dewatered conditions result from too
much {ateral flow in the Upper and Lower Aquifer and excessive leakage through the
confining layer. The sensitivity analysis supgests a stcady-state water balance of
approximately 15,000 m*/day through the model (i.e. recharge and discharge equal to
15,000 m’/day) is optimal. This water balance results in an estimation ettor of about
+11m (Table 2) based upen the four cbservation points. On average, the model is
expected to over estimate piezometric heads by about 11m. This adopted steady-model
was used as the basis for all transient simulations. '

Transient Simulations

Transient simulations were performed to quantify changes in the groundwater regime (i.c.
water level, groundwater flow direction, gradients and water balance) from the extraction
of groundwater from the aquifer.

Transient models were developed using a staged approach, The initial goal of the
transient model was to simulate presently existing long-term groundwater extraction from
the Lower Aquifer. This was simulated by assigning a fixed pumping rate® to three
"image" wells, located in the centroid of areas with concentrations of pumping wells
(according to the BCMWLAP database). The simulations were run for a period of 20
years to simulate drawdowns within the aquifer to the present day. {Once these conditions
were established, EBA inserted two new pumping wells into the model at their
approximate design locations (to service the proposed subdivision). This transient model
was run for a period of 50 years 1o simuiate the effects of additional long-term puriping
on the local proundwater regime. Each proposed pumping well was set to extract water
at a conservative rate of 327 m’/day (60 USgpm). This is equivalent to a design water

} The pumping rate assigned to the image wells was equal 10 17, 5 and 7 m* fday (total
extraction rate of 29 m’/day) based upon an assumption of 1 m’/day per existing
connection.



0805-5887561.001 -4 . January, 2003

demand of 3.5 m*/day/connection for a 180 lot subdivision. The total rate of groundwater
exstracﬁou from the model, including existing and propesed wells is estimated at 683
m’/day.

The resuits of the transient model suggest current groundwater extraction from the
aquifer induces a maximum drawdown of about 0.3m at the existing "image" well
pumping centers. The maximum grawdown within the boundary of the Property from
current pumping is estimated at about 0.lm. The 50 year simulation of pumping from
two new wells in the proposed subdivision suggests a maximum drawdown of about 5m
will be induced at the proposed wells. This drawdown is equivalent to approximately 10
- 15% of available drawdown beneath the Property. The simulation results also suggest
that drawdowns up to 4m may be experienced in the existing domestic wells directly
adjacent to the proposed subdivision (along Rascal Lane). This represents about 7 fo
11% of the available drawdown in these wells. Based upon our curreut understanding of
the aquifer, drawdown will likely decrease with increasing distance from the proposed
subdivision towards the northeast. Drawdown in the Lower Aguifer will likely remain at
about 4m towagds the southwest.

Numerical Mode! Verification

EBA also completed analytical modeling to verify the validity of the output provided by
numerical modeling. Drawdown versus distance from each well estimated using
simplified aquifer geometry (e.g. constant thickness, infinite areal exlenls, zeto recharge,
ete.) and two analytical equations, Coope:r’-]a{:nb‘ and the Hantush-Jacob®. These results
were explained in Appendix D of the report. The results of the analytical solutions
bracketed the results of the numerical analysis. Although, the results from the numerical
analysis were slightly closer to those of the Hantush-Jacob sohrtion, as is expected, due to
the assumed leaky nature of the aguifer. Table C-3 presents the predicted drawdowns in
the numerical model observation wells.

Limitations

This groundwater model was developed based upon information available at the time the
work was conducted. It is believed to suitably represent a conservative estimate of the
response of long-term pumping of the Lower Aquifer.

As identified in the recommendations of the report, if the rezoning application does
proceed, it will be necessary at the subdivision stage to provide proof of the water supply
involving the drilling and testing of wells on the properiy. At that time, the findings of
the report should be reviewed in light of the new information to ensurc that the
assumptions and conclusion remain valid.

* The Cooper Jacob equation assumes the aquifer is fully confined (zero leakage) and that
time and distance results in a "u" factor less than 0.02.
5 The Hantush Jacob equation assumes the aquifer is leaky and that the "r/B" factot
exceeds 0.01.



Tabie C-1: Model Parameters

Hydraulic Conductivity
Specific Storage 7x10™ m
Specific Yleld 0.25
Effective Porosity 0.25
Total Porosity 0.3
Confning Laver
Hydraulic Conductivity 1x10% mvs
Speciic Storage 1107 im
Specific Yield 0.2
Effectiva Porosity 0.2
Total Porosity 0.25
Lower AguiBr
Hydraulic Conductivity 1x10™ m/e
Specific Storage 7x10* fm
Specific Yieid 0.25

Effactive Porosity

Total Porosity

Note: Model parameters were selacted based on aquifer parameters as
outlined in the report and ware then calibrated within the model.



TABLE C-2: RESULTS OF SENSITIVITY ANALYSIS
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TABLE C-3: AVAILABLE DRAWDOWN IN LOWER AQUIFER OBSERVATION WELLS

ESTIMATED

HEIGHT OF % DF
WELL ID WELL DEPTH num._.nh_w._.m_.__,_ﬂ._ mqﬁ___w._ﬂnamx WATER _5mwm.ﬂ_mmwzinm AVAILABLE
COLUMN DRAWDCWN
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5036 176 54.3 174 534 100 N5 28 19 %
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November 18, 2002

EBA File: 0805-5887361

Texada Land Corporation
1100 - 938 Howe Street
Vancouver, BC

V6Z IN9

Attention; Mr, Brent Kapler

Subject: Proposed Subdivision Block 564

Introduction

This report is further 1o site inspection carried out 0% October 23, 2002 by Nige! Skermer, P.Eng.
of EBA Engineering Consultants 1.td., accompanied by Brent Kapler, The weather was clear and
access to the sites on foot were relatively unimpeded. A total of 6 hours was spent onsite
inspecting riverside slopes. In general, the land is flat to genily sloping, except on the northwest
and west boundaries where it borders respectively on the Englishman River and South
Englishman River. Good exposures of soil were seen in gravel pits and on steep slopes flanking
the river in places. :

A more detailed description on the site is pravided in the text of the main report, where sirphoto
imterpretation is presented.

The purpose of this investigation is 10 assess potentially hazardous conditions as required by the
Ministry of Transpostation. This is an overview assessment for planning purposes. Detailed
geotechnical investigation of plans for development of individual lots may differ from the broad
recommendations contained herein, as discussed later. :

Site Conditions

In general the site presents excellent foundation conditions with well drained sands and gravels
overlying very dense salty sandy glacial till. No in ications of major slope instability were
observed anywhere on the site. Ih a few places on steep slopes of some of the promontories
above the floodplain of the river, minor spalling of the hard glacial till was observed. This,
however, appears to be a gradual process and the rate at which retrogression is taking place
should not affect building development provided the appropriate setback distances ate observed.
This is dealt with further in the report. .

Details of some of the observations are discussed with respect to sites A to F and the lots shown
in Figure 1.

Eariorr e Saleliiphtss My | -0 e

Sun Life Plaze, Fifth Floor, 1100 Melville Street, Vancouver, British Columbla VSE 446 ﬁ
Tel: (604} 85-0275 - Fax: (604) £84-6241 intamet: vancouver@eba.ca - Web Site: www.aba.ca
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Site A - Lot 3

This is a promontory overlooking the floodplain of the Englishman River. It is about 30 m high
and the uppermost slopes are as steep as 80 - 90 percent in places. A cap of sand, gravel cobbles
and boulders overliesths hard silty sandy glacial till. Apart from minor spalling of the till on the
west face of the promontory tlie site appear stable. It is not undercut by the river.

Site B - Yot 4

Although proposed only as public open space, this site presents good soil exposures. A trail
leads down to the river where a backwater channel joins the main stem of the river. Soils
exposed are sands and gravels over the hard glacial titl which at river level is underlain by a
lower sequence of sands and gravels. No seepage from the slopes was cbserved. Photos | and 2
show soil conditions at this location, Photo 2 shows the spalling process in the silty sandy
glacial till typical of the conditions seen elsewhere in places.

Site C - Lot 7

This location is on the backwater channel of the Englishman River and again it is proposed open
space. The crest of the slopes displays gradual sloughing 2 - 3 m high over colluvial siopes of 70
- 75 percent. No large scale instability is seen,

Site D - Lots 8 and 9

This is a promontery facing northwest over the floodplain of the Englishman River, Ar old
access trail traverses the slope from top to bottom. Minor seepage was observed at the foot of
the slope below the powerline to the north. Slopes are roughly 70 - 75 percent. No signs of
instability were observed. Two (2) lots are proposed here.

Site E - Lot 12

This area is just downstream of the confluence of the South Englishman River with the main
stem of the Englishman River. A rough vehicle trail runs due west down from the upper
benchland to the confluence avea and floodplain. The bottom of the trail is marked by notices
"Soggy Bottom" and "Stairway to Heaven', probably mountain bike signs. Halfway down
"Soggy Bottom" trail the Englishman River runs close to the base of the slope with very steep
drop offs to the river channel. In times of peak flooding the river could undercut the slope. A
view looking west up the river from this location is shown in Figure 3. This site is the only area
where significant amovnts of secpage were observed. Seepage starts at the base of the upper
sand and gravel and is seen emerging from the glacial tili in a oumber of places along the trail
marked "Soggy Bottom". Minor sloughing of the slopes is seen, although no large scale slope
instability was observed. This is the one area, however, where more accurate SUIVEy. of setback
distances will be needed, see below.

Pairrville Sukalivtaienm- Marr | =30 dox.
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Site F - Lot 16

This area is on the east flank of the South Englishman River where the ground is rising gradually
towards the south boundary of the property. The slope flanking the river is benched, probably as
a result of ancient down cutting by the river during deglaciation. No signs of instability are seen
and the slopes appear quite stable down to the confluence with the main stem of the river.

Recommendations

With appropriate setback distances as outlined below the site is suitable for the proposed
development with respect to slope stability.

The crest of the slope at the upper benchland is a well defined break in slope, seen everywhere
on site.

e It is recommended for planning purposes that a 15 m setback be established from the
existing crest of slope to the foundations of buildings at existing grades.

« However for Site E the setback distance should be established by a line surveyed at a
slope of 2 horizontal to 1 vertical from the edge of the river where the river is close to
the foot of the slope, or a setback distance of 15 m from the crest of the slope,
whichever is greater. '

+ With the exception of Site E, these setback distances could be relaxed based on
detailed investigation for individual lot specific development. Investigation should be
performed on behalf of the owner by a registered B.C. professional engineer
experienced in geotechnical engineering.

Care should be taken in laying out trails and new roads not to undercut existing slopes. Road
drainage should not be discharged over slopes wunless in closed pipes. Details of site
development concerning slope cuts, fill and site drainage should be reviewed by EBA.

Closnre

This assessment of slope stability conditions is based on site inspection. No subsurface
investigation as besn camried out for this purpose. No warranty expressed or implied by EBA is
made that subsurface and characteristics are delineated.
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Photo 1: (Above) Site ‘B’ showing
lower sand and gravel at junction of
backwater channel and main stem of
Englishman River.

Phato 2: {Left) Site "B’ showing near
vertical hard silty sandy till and minor
spalling off face of deposit.




Photo 3: Site ‘'E' looking up Englishman River from {op of very steep bank.
View from “Soggy Bottom" trall.

¥5-5887561
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January 20, 2063
EBA File: (0805-3887561.001

Englishman River Land Corporation
1100 - 938 Howe Street

Vancouver, BC

V6Z IN9

Aftention: Mr. Brent Kapler

Subject: Preliminary Stormwater Mansgement Plan
B rkyville, BC

Dear Mr. Kapler:

As requested, EBA Engineering Consultants Ltd. (EBA) have prepared a preliminary conceptual
stormwater management plan pertaining to the proposed re-zoning of Biock 564, located near
Parksville, B.C. The purpose of this report is to describe existing drainage conditions on the
property and to identify general principles used in stormwater management. The objective of
this report is to provide a concept-level plan for how stormwater may be managed from the
proposed 160 fot subdivision.

10 BACKGROUND

Englishman River Land Corporation (ERLC) recently purchased a 362 ha property
{Block 564, Nanoose District) and has applied to the Regional District of Nanaimo
{RDN) to re-zone the property. As originally proposed, the re-zoning included a 40
dwelling vnit "cluster” development. Subsequent to public input at the Stakeholder
Information Meeting in Parksville during December, 2002, ERLC elected to drop the
cluster dwellings and replace these with approximately half the number of I ha lots. A
pretiminary fayout plan of the revised proposed residential development is presented on
Figure 1.

In response to the re-zoning application, RDN indicated a number of studies to be
completed by ERLC that pertain to servicing of the proposed development and
environmental studies. The purpose of this report is to describe how stormwater may be
managed on the site in accordance with good engineering practice and environmental
principles.

#1 — 4376 Boban Drive, Nenaimo, Britlsh Columbia V9T BAT ﬁ
Tef: (250) 756-2256 - Fax: (250) 756-2688 Email: nanaimo@eba.ca - Web Sita: www.aba.ca
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TOPOGRAFPHY, SOILS AND DRAINAGE

A gite plan ﬂlusirating surface topography, shaliow soils and drainage features is
presented on Figure 2.

Topographically, the site can be divided into three zones. At the southern end of the
property, surface slopes range from about 3% to 8%. Across most of the remainder of the
property, with the exception of the relatively steep valley slopes, topography is flat-lying
{stopes typically less than 1%). Omn the slopes of the South Englishman River and
Englistunan River, siopes range from near vertical exposures to less than 10 %.

The type, disiribution and thickness of soils on the property have been assessed by field
recounaissance, interpretation of stereo-paired aerial photographs, recording soils
observed in 13 test pit excavations and preparation of cross sections using water well
records obtained from the provincial government (EBA 2002a, 2002b) (sec Figures 3 and
4). Based on this information, it is conchuded that sand and gravel soils several metres
thick cover the western and northern part of the property (see Figure 2, 3 and 4). In the
southern area of the property soils are predominately silty in texture although they are
typically covered by a veneer of sand and gravel less than 1 metrs in thickness.

The primary drainage features are the South Englishman River, Englishman River and
Craig Creek. The Englishman River is used to augment municipal water supply in the
area which is derived primarily from groundwater aquifers. All of these surface water
systems provide important aquatic habitat for various fish species.

Surface drainage is poorly defined within the boundaries of the property. Two gravel pits
(Existing Highways Gravel Pit and Former Gravel Pit east of property, Figure 2) had
standing water during the summer of 2002, A former gravel pit located on the property
south of the powerlines had & small height of standing water in the base during a survey
conducted in November, 2002. A small wetland is located near the scuthern limit of the
property. Roadside ditches along access roads and logging trails are the only other
drainage features of significance on the site.

The interpreted drainage divide between Craig Creek and the Englishman River system is
presented on Figure 2. In the southern area of the property where siity-textured soils are
present, the divide has been estimated from topographic contours. In the northern end of
the property the topegraphy is essentially flat and the drainage divide is estimated based
on the proximity to Craig Creek and Englishman River. In areas of the property covered
by sand and gravel, most drainage (except perhaps during intense storms or under rapid

snowmelt conditions) will infiitrate to the water table and flow as groundwater secpage to

the niver valleys.

&
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3.0

4.0

Drainage conditions that are reported to be seasonally problematic oceur on agricultural
land in the vicinity of the former gravel pit directly southeast of the Ministry of
Highways gravel pit (Figure 2). Based on discussions with local residents (B. Kapler per.
comm.), it is undestood that drainage from Rascal Lane and adjacent areas is directed to
the vicinity of the former gravel pit at the foot (i.e. north end) of Rascal Lane. This area,
which is a local topographic low point, is subject to periodic flooding in the wet season.

STORMWATER MANAGEMENT PRINCIPLES

The following are general principles for stormwater management in general and specific
to conditions at Block 564:

« Maintain existing flows in river systems with particular attention to sustaining
low (i.e. base) flows; '

¢ Preserve water quality in the vivers and streams,

+ Do not exacerbate existing off-site problematic drainage conditions and improve
these where feasible and practical.

The general water balance conditions for the present (i.e. undeveloped) land surface and
developed land surface are shown diagrammatically on Figure 5. For the developed land
surface, the component of runoff is greater than for the undeveloped land surface due to
the presence of roads, roofs, driveways and other hard surfaces. For the case where the
runoff is mapaged, causing runoff water to be infiltrated to ground, the amount of
infiltration to the water table will increase relative to the undeveloped land surface, If
propexly managed, infiltration of stormwater will assist in maintaining or increasing low
flows in the river systems via groundwater seepage.

PRELIMINARY STORMWATER MANAGEMENT PLAN

A stormwater management plan specifies the amount of rmoff that will be generated
within a development area and details the facilities that will be used to convey and
dispose of the stormwater, This preliminary stormwater management plan does not
include details on the smount of rumnoff that will be generated from the proposed
development and does not provide details of ditches and culverts that will be used to
convey stormwater. The preliminary plan does indicate potential areas and types of
facilities that may be used to freat (i.e. remove suspended sediment) and dispose of
stormwater. A more detailed storm water management plan will be required as part of
the subdivision process.

&
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The basic approach proposed for stormwater treatment and disposal is twofold depending
on the s0il types present at the site. In areas where sand and gravel is exposed at surface,
stormwater will be infiitrated to ground. Facilities used to infiltrate stormwater in these
granular soils include the permeable bases of ditches, the former gravel pit located on
site, and possibly other structures such as soak-away wells for roof drainage. These soils
are judged to have a very high capability to absorb stormwater and the soils will filter any
suspended sediment prior to groundwater seepage discharging into the river valleys. In
areas where silty-textured surface soils are present, infiltration to ground of concentrated
stormwater flows (e.g. road runoff) is not practical or feasible. Ia these areas it is
proposed to either divert stormwater for disposal into the sand and gravel scils for
absorption, or to discharge it to wet detention ponds located adjacent to creeks. Wet
detention ponds are used to reduce the suspended sediment concentration in the
stormwater (as the velocity is reduced in the pond) and the discharge "peaks" associated
with the runoff are damped as stormwater surges are slowly released to the creek.

A preliminary concept plan illustrating the proposed stormwater disposal facilities and
approximate areas of the subdivision to be served by these facilities is presemted on
Figure 6. As shown, it is proposed to use the on-site former gravel pit as an infiltration
basin. This would serve as a stormwater dispozal facility for much of the southern area
of the property including all of the developed area within the Englishman River
catchment and a portion of the area within the Craig Creek catchment. It is anticipated
that diversion of stormwater in the Craig Creek catchment that would otherwise flow to
Rascal Lane will assist in ameliorating the existing problematic drainage conditions at the
foot (i.e. north end) of Rascal Lane. This will require further investigation during the
preparation of a final stormwater management plan to demonstrate that the existing
seasonal drainage problem in this area will be improved.

In the southeast comer of the property, a wet detention pond may be utilized to equalize
stormwater flows prior to discharge into Craig Creek. Again, it will be necessary fo
provide the basis for determining the size and shape of this pond and outlet details during
the final stormwater management plan.

The north end of the property is wmderlain by free-draining granular soils and facilities
other than ditches may not be required for stormwater disposal. If disposal facilities are
required, these may include an infiltration basin or wet detention pond near Craig Creek,
depending on local soil conditions and the zoning of lands (e.g. ALR requirements).

3
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5.0

- Senior Hydrogeologist

CLOSURE

This report has presented a preliminary “"concept-level” plan for management of
stormwater for the proposed residentiat development of Block 564 located near
Parksville, B.C. Based on this work, it is concluded that it will be both feasible and
practical to manage stormwater on-site from the development, primarily through
infiltration to the extensive sand and gravel deposits. :

Providing the proposed re-zoning proceeds, it will be necessary to complete further

detailed analysis during the subdivision process for the final stormwater management
plan for the site.

Respectively submitted,
EBA ENGINEERING CONSULTANTS LTD.

John Balfour, P.Eng.

'Tim Bekhuys, R. P. Bio.

Senior Biclogist
Distribution:  Regional District of Nanaimo 6 copies
Englishman River Land Corporation 2 copies

Michael Rosen & Associates 1 copy

Khangura Engineering ' 1 copy

Attach: Figures 1to 6
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EXECUTIVE SUMMARY

In October of 2002, EBA Fngineering Consultants Ltd. {EBA) was retained to complete an
Environmental Assessment of a proposed rural, residential community as part of rezoning
application to the Regional District of Nanaimo (RDN). The study site is located at Block 564
and District Lot 71 within the Regional District of Nanaimo {RDN) near the city of Parksville,
British Columbia on the southern side of the Englishman River. Terms of Reference for the
Environmental Assessment were supplied by the RDN. The following summarizes the pertinent
recommendations from our Environmental Assessment report we completed for the above

property:

1. Hydrology - There are three surface water features on the site; the Englishman River, Craig
creek and a small, unnamed wetland. Based on our assessment and provincial and federal
guidelines, the following sethacks are recommended to protect water resources (including
fisheries) within the site :

* Englishman River - 2 15 m. setback from the top-of-bank. Top of bank varies within
this ravine is defined as per the provincial, Land Development Guidelines:

¢ Craig creek - 2 15 m. setback from the top-of-bank. Top of bank varies is defined as
per the provincial, Land Development Guidelines; and, : :

* Unnamed Wetland - a 15 m setback from the winter high water mark.

2. Hydrogeology - Detailed groundwater modeiling was completed by EBA available under
separate cover. Results of the modelling indicate that if recommendations are followed in
this report, there will be no impacts from significant changes to water quantity (i.e. flows) or
water quality (i.e. nutrient/ pollutant loading) to the Englishman river, unnamed wetland or
Craig creck.

3. Vegetation - The entire site has been extensively logged. There are three areas of "Old
Forest" {100 -150 years) as defined by a regional Sensitive Ecosystern Inventory (SEI). Old
Growth Forest it should be noted is >250 years old. The areas indicated on the SEI were
ground-truthed and found to be extensively logged in the eastem portion of the site and
therefore the SEI is no longer considered a valid planning tool for Old Forest. We
recomunend that to protect Old Forest areas, recent air photo interpretation be completed and
identified areas be subject to appropriate protection:

4. Fisheries - Fish habitat is found within the Englishman river and Craig creek. The
Englishman river is an important fisheries stream containing six species of salmon, rainbow
and cuithroat trout, Dolly Varden and a variety of coarse fish. Craig creek does not have a

&5
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record of anadromous fish above the Island highway but areas adjacent to the property are
still considered fish habitat as they drain into fish bearing waters. In order to protect fisheries
values on the site we recommend:

* Protection of the Englishman river and Craig creek corridors as per 1 above.

5. Wildlife and Biodiversity - The site has been previously logged and cleared conseguently
reducing current wildlife habitat values. Based on our assessment, the area with the greatest
wildlife and biodiversity importance is the riparian corridor surrounding Craig creek, the
wetland and the Englishman river. A search of the Conservation Data Centre records for rare
and endangered wildlife found no records on the site. Based on our detailed assessment,
there are five rare and endangered (red listed) species that potentially occur within the site.
These potentially occur in the Englishman River/ Craig creek corridor and wetland (Water
Shrew, Purple Martin, Wolverine) and Old Forest area (Northern Goshawk and Keen's Long-
eared Myotis). Tn order to protect wildlife values on the site, we recommend:

* A maptor nest survey be conducted within proposed development areas prior to clearing;

« Environmental corridors be maintained between the Englishman tiver-Craig creek-
Unnamed wetland and adjacent greenspace {i.e. ALR lands); and,

* Areas of high wildlife values, biodiversity and containing potentially rare and endangered
species be preserved. This includes the Englishman river corridor, Craig creck comidar,
Old Forest area and unnamed wetland area.

In conclusion, based on our assessment, there are four environmentally sensitive areas (see map):
the Englishman river, Craig creek, an unnamed wetland and the O)d Forest areas. Maintenance
of the recommended provincial and federal setbacks from these four areas 2s described above,
will protect all significant environmental resources in these areas. Use of standard Best
Management Practices (BMP) during construction (i.e. Silt, Sediment and Erosion Control BMP)
will result in minimal impacts. '

Inclusion of an Environmental Corridor within the development plan will exceed current BMPs
for habitat protection by the provincial and federal governments,
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1.0

INTROPDUCTION

In November 2002, EBA Engineering Consultants Limited (EBA) was retained by
Englishman River Land Corporation {Englishman River) to conduct an
Environmental Impact Assessment (EIA} for a rezoning application for Parksville
subdivision for the proposed rural residential community. The study site is located at
Block 564 and District Lot 71 within the Regional District of Napairmmoe (RDN) near
the city of Parksville, British Columbia (Figure 1).

The report is intended to meet the environmental requirements for provincial and
regulatory approvals, and those of the RDN. The objectives of this EIA are to:

1. Thoroughly inventory the biophysical resources of the study area. This includes:

» environmentally sensitive features of the parcel including location of all
watercourses, wetlands and significant arcas of native flora and fauna,
sensitive ecosystems, wildlife features and the presence of species at risk;

» fish distribution and other aquatic presence/potential;
s wildlife habitat values and presence;

s soil types, site drainage and erosion patterns;

» topographical features;

» ccosystems and biological diversity; and,

« adjacent land uses.

2. To assess the potential impacts of the proposed development on these resources,
and:

3. To develop a impact management plan to avoid, mitigate or compensate for the
identified impacts.

Concurrently, a geohazards gssessment and a hydrogeological assessment are being
conducted by EBA. The information obtained from these assessments is incorporated
into the EIA study, and the project design, construction and operation management
plans.

i
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2.0

This report is divided inte seven main sections: 1.0 Introduction, 2.0 Methads, 3.0
Proposed Project, 4.0 Biophysical Inventory, 5.0 Recommendations and Best
Management Practices (BMP), 6.0 Recommended Studies and 7.0 Referemces.
Accompanying the report, figures (maps) can be located in Appendix A.

METHODS

The study is comprised mainly of a literature review and one site visit. The majority
of the information needed to complete the EIA has been obtained through other
sources. The literature review was conducted on the biophysical aspects of the study
site for resource data including that of geology, soils, hydrology, vegetation, fisheries
and wildlife. The outline of thiz report is based on the terms of reference contained in
B.C. Ministry of Water, Land and Air Protection (2001) Best Mapagement Practices
— Land Development.

Development constraint maps were produced based on this information and the
methods from TERA Planning Ltd. ({TERA 1992). TERA’s constraint process was
based on McHarg (1969) Design with Naturg and Rubenstein (1578) A Guide to Site
and Envitonmental Planning. Since more information has been gathered since

. TERA’s report, Conceptual Planning Study Environmental Component of Block 564

and District Lot 71, Nanaimo Regional District (1992), the constraint maps in this
EIA have been aungmented to cousider and include this important biophysical
information.

Biological constraints were analyzed by the same methods as TERA (1992), which
was based on the criteria of the Resource Analysis Branch of the B.C. Ministry of
Environment (1977) Resource Analysis for Urban Suitability: Vancouver North
Slope. Again, these constraint maps have been modified since TERA (1992) with
information from the Conservation Data Centre (CDC} on species at risk in the study
area, Sensitive Ecosystems Inventory (SEI) which provide information on ecosystems
with a higher abundance of rare plants and plant communities, Steven (1995) and a
reassessment of archaeological and historical sites in the area through contact with the
B.C. Ministry of Recreation and Culture, Archaeological Branch. The
Environmentally Sensitive map is based on the imporiance and semsitivity of
biophysical reseurces to disturbance or alteration.

A detailed description of the methodologies employed for each specific resource is
below.

2h—
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22

3

24
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An overview of soils present in the stdy is provided. Soils were described in TERA
(1992), which was based on Jungen et al. (1989). '

Hydrology and Hydrogeology

The hydrotogic processes information was a collection of data from TERA (1992),
which obtained hydrological data from Inland Waters (1983) and historical records.
Groundwater resource information was obtained from Halstead and Treichel (1966).
For groundwater flows, soil type, slopes and airphoto analysis (1998) was used.
Topography and air photo analysis was used to map site drainage and flows.

Information on Englishman River and Craig Cresk water flows and hydrologic
parameters was obtained from a B.C. watershed information database from B.C.
Fisheries and Department of Fisheries and Oceans (DFO) Fish Wizard (2002a).

Vegetation

Vegetation classification and mapping was updated from TERA (1992}, and original
information obtained from Sensitive Ecosysterns Inventory (SEI) maps provided by
Englishman River Land Corporation, Green and Klinka (1994) and air photo (1998)
interpretation.

The Conservation Data Centre was contacted to determine the presence of known rare
plant species in the study area. :

Fisheries

Fisheries information from Englishman River and Craig Creek was updated from
TERA (1992) using B.C. Fisheries and DFO (2002a,b), which contain detailed fish
inventories in watersheds of British Columbia. The presence of obstructions within
these watersheds that potentially affect fish migration were also included in the maps,
and this information was provided by B.C. Fisheries and DFO (2002b)

-
et
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2.5

2.6

2.7

Wildlife

Detailed wildlife inventories were not conducted on site. Species presence was based
on vegetation, habitat suitability and sensitive ecosystems inventories in the study
area. The species at risk list was created using Stevens {1995) and TERA (1992) and
the status was updated using Conservation Data Centre species at risk lists. The list
also indicates which habitats in the study area possibly contain which species. TERA
(1992} also provided important information regarding wildlife habitat suitability and
constraints towards development.

The Conservation Data Centre was contacted to obtain a listing of rare element
cecurrences in the study area.

Biodiversity
Biodiversity was addressed in three ways:

+" ‘A comyparison of wildlife species richness for each habitat;

s An assessment of landscape linkages present in and adjacent to the site;
and,

s A review of the Sensitive Ecosystern [nventory (SEI) data (MELP and
CWS (1997) and Ward et al. {1996)).

wildlife species richness was calculated from a wildlife species list that was compiled
from Stevens (1995) and TERA (1992). The species list contains all wildlife that may
potentially occur on the site during any portion of the year.

Land-Use

Historical and current land-use information for the study area and surrounding lands
was reviewed and is presented. This was based on air photo (1998) interpretation.
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2.8

3.6

4.1

Best Management Practice (BMP)

' An Environmentally Sensitive Areas map was created to integrate the physical

constraints with that of the ecological constraints (see Section 2.8). The discussion of
the Best Management Practice (BMP) is based on this map. The recommendatiens in
the BMP are based on B.C. Ministrty of Environment, Lands and Parks’®

Environmental Objectives, Best Management Practices and Requirements for Land
Developments. '
PROPOSED PROJECT

A conceptual layout plan for the proposed ﬁevelopment is presented in Figure 2. The
primary feahires of the proposed development plan include:

s 225 acres of public open space along the Englishman River;

e A green space corridor linking the wetland, Englishman River and Craig
Creek;

e 178 residential dwelling units comprised of 134 acreage (2.5 acres and
larger) properties located in the north and southwestern area of the

property;
» four larger acreages; and,

e a 40 dwelling cluster development located in the southeast part of the
propeaty.

BIOPHYSICAL INVENTORY
The following sections describe the biophysical characteristics of the site.
Soils

Figure 3 shows the distribution of soil types across the study area, Soils are described
according to the Canadian System of Soil Classification (Canada Soil Survey
Committee 1998). Three soil orders are represented within the site and are described
below.

V=
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4.1.1

4.1.2

413

Regosols

The regosols ocowr within Englishman River flecodplain and are derived
from recent alluvial deposits. They are so recent that these soils have not
yet developed sufficient organic layers on their coarse, mineral sofls to
support abundant vegetation. Therefore, the physical litnitations of the
regosols due to flooding, erosion and summer drought make these soils
vulnerable and limit their supportive capacity for forestry, other vegetation
and/or agricultural activity. Soils, as mapped by Jungen &f al. {1989} show
some of the regosols grade into brunisols.

Brunisols

This is the dominant soil horizen, which oceurs on the mid-bench within the
study site. It is a soil, which has developed on coarse, surficial materials
that rapidly drain. These soils have, in the past few thousand years,
established a thin, organic layer over a moderately decomposed B-horizon.
These sotls are so rapidly drained that they show relatively low productivity
for both forestry and agriculture. However, with improvement (irrigation),
the agricultural potential can be increased to support a wide variety of crops
(Class 2 Agricultural Capability). On the southern portion of the benchiand,
above 100 m above sea level, the glacio-marine deposits and tills begin to
form the mineral layer of gleyed dystric brunisels, These have greater water
holding capacity than the regosols and, therefore, show higher productivity
in terms of forestry and agriculture. Where seepage occurs in this part of the
property, as it does adjacent to Craig Creek, forestry productivity can be
moderate to high and agricultural capabiiity can reach Class 4 on an
unimproved rating.

Podzols

Some podzols occur along the steeper portions along the escarpment of the
study area. Here, lateral seepage has formed typical podzols soils. These are
soils which have been able to establish a well developed organic horizon,
welt developed and decomposed B-horizon, and a distinct *‘ash layer” of the
humo-ferric podzols. Most of these soils are productive forest soils and,
because of their steepness, are considered unproductive agricultural soils,

U=

e0Q
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4.2

43

Hydrology and Hydrogeology

There are two primary drainage features associated with the site: 1) the South
Englishman River and Englishman River; and, 2) Craig Creek flowing across the
south east corner of the site (Figure 4},

A number of drainage ditches have been developed adjacent to roads and ftrails
Jocated on the property. With the exception of ditches located in the extreme south
east comer of the property, these ditches were dry at the time of EBA’s site
reconnaissance. '

Standing water was observed at a depth of several metres below grade in the Ministry
of Transportation and Highways gravel pit located adjacent to the powerlines,
Standing water was also observed in an inactive gravel pit located about 250 m west
of the former. '

Based on the granular nature of the soils and moderate precipitation in the Parksville
area, the majority of precipitation is expected to infiltrate. Consequently, drainage -
ditches are only expected to contain flow intermittently.

Vegetation

Most of the Pnglishman River watershed was logged in the early 1900’s and again in
the 1950's and 1960°s (LGL Ltd. 2001). Within the last decade, a large portion of the
study area was logged again {represented by the youngest vegetation age-class in
Figure 5). All forested areas within the study site have been logged at one time,
therefore the existing forested areas are all second growth. However, there are three
sections of forest that are older {mature) second growth (>100 years). Two exist in
the eastern central portion of the study site, and the other is in the northem portion of
the site near the 1sland Highway (Figuze 5). There are no oid growth forest areas
within the study site.

According the Ministry of Forests’ Biogeoclimatic Ecosystem Classification (BEC)
system, the proposed development exists in the Coastal Douglas Fir bicgeoclimatic
zone in the Moist Maritime sub-zone (CDFmm) (Green and Klinka, 1994). The
CDFmm is restricted to low elevation (less then 150m) along southeast Vancouver
Island, the Gulf islands and a narrow portion of the Sunshine Coast. The zone lies in
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the rainshadow of the Vancouver Island Mountains resulting in warm dry summers
and mild wet winters. '

Six different vegetation units are present in the study area:

Douglas-fir - Salal (site series 01), _
Western redcedar/Hemlock ~ Swordfern (site series 04),
Western redcedar — Snowberry (site series 07),

Western redcedar — Skunk cabbage (site series 11}
Transmission line vegetation (T); and,

Unvegetated {Uf).

The first four vegetation units are primarily forested and are provincially-comrelated
sites series deseribed in Green and Klinka (1994}, The first two of these forested units
were farther sub-divided into four age classes that describe the stage of vegetation
development (or vegetation succession) since clearing.

Each of

the wmits is described below. The descriptions are based on Tera (1992),

Green and Klinka (1995) and air photo interpretation.

4.3.1

. Douglas-fir — Salal (01)

The Douglas-fir — Salal site series is zonal or characteristic site serieg in the
CDFmm subzone. In the study area, it is found primarily in the benchland
area. Most of these benchland areas have been recently logged, however,
and so only a few older stands (>80 yrs) exist in the benchlands and in the
lowlands alongside the Englishman River.

The dominant tree species in thesc areas are Douglas Fir (Pseudotsuga
menziesif), which may also contain westem redcedar (Thufa placata),
western hemlock {Tsuga heterophylia) and rarely, grand fir (Abies grandis).

The dominant shrub species are salal (Gaultheria shafien), dull Oregon-
grape (Mahonia nervesa) and salmonberry (Rubus spectabilis). The herb
layer contains vanilla leaf {(Achlys triphyla), bracken (Pteridium aquilinum
and swordfern (Polystichum munitim). The moss layer is dominated by

&
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4.3.2

4.3.3

electrified cat’s tail moss (Rhytidiadelphus triquetrus), Oregon beaked moss
{Kindbergia oregana) and step moss (Hylocomium splendens).

‘Ihese sites have very poor to medium scil nutrient regimes and moderate
soil moisture.

Douglas-fir/Bigleaf maple - Oregon grape (04)

The Western redcedar/Hemlock — Swordfern site series is found on the
steep, valley slopes of the study area. It is dominated by western redcedar
and western hemlock in the main canopy and swordfern in the understory.
Other species in the canopy layer include Douglas-fir and occasional bigleaf
maple (Acer macrophyhum) on the top of the slopes. These stands were
logged between 30 and 8O years ago.

The shrub layer consists of regenerating western hemlock and redcedar
seedlings, Oregon grape, red elderberry and Rosa spp. The shrub layer is
more developed on these slopes than in the Douglas-fir community.

Within the herb layer, swordfern, vanilla leaf and blackberry (Rubus
ursinus) dominate. Other herbs include three-leaved foam-flower (Tiarefla
trifoliata), cut-leaved foam-flower (Tiarella laciniata) and broad-leaved
starflower (Trientalis latifolia). The herb layer is moderately developed.
Common mosses include Stokesiella oregana and  Rhizomnium
glaberescens.

Western redcedar - Snowberry (07)

The mixed forest type combining deciduous and evergreen lrees is
uncommon in the study arca, Tree species include bigleaf mapte, red alders,
western hemlock, redcedar, Douglas-fir, and flowering dogwood; vine
maple occurs as large shrubs or small trees. This vegetation type occurs in
towland areas adjacent to the Englishman River, so that secpage and ground
water is often present, resulting in good tree growth and 2 well-developed
understory. Thimbleberry, bracken and bleeding heart are three typical
understory species. These shrub species are indicative of nitrogen-rich soils
on water receiving sites of open canopy, early seral vegetation communities.
They are often found on seepage sites as well. This area, in general, has
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4.3.4

4.3.5

4.3.6

4.3.7

unstable soils, prone to erosion by the river with a dense underbrush or
wildflowers and shrubs.

Western redcedar — Skunk cabbage (11)

This site series includes the vegetation of wet areas, including depressions
with high water table and seepage areas {e.g. on the lower portions of the
escarpment). These sites are enviched by nutrients supplied by scepage
water. Western redcedar grows abundantly along with bigleaf maple. Vine
maple and dogwood frequently reach tree size. Depending on the wetness

. of the site, swordfern, lady fem, deer fern, skunk cabbage, foam flower,
" gsalmonberry, devil’s ¢lub and red elderberry are characteristic subordinate

species. The moss layer is poorly developed or lacking. Windfalls are
comrmon in these forests, even in protected ravines, because the soil,
saturated by water, is loose and frequently shailow.

Tmnsmfssi&n line vegetation (T)

The transmission line right-of-way is vegetated by a mixture of deciduous
tree and shrub species. Young red alder, black cottonwood and a number of
shrubs such as snowberry, hardhack, broom, biackberry, raspberry, and
salal, as well as seedlings of Douglas-fir and hemlock form an arid
scrubland. In the wetter portions of the Englishman River floodplain, the
understory consists of salmonberry, willow and bracken.

Unvegetated (L}
Unvegetated {disturbed) areas include the roads, trails and sand and gravel

exiraction areas, These areas ave generally sparsely vegetated becauss of
anthropogenic disturbance to vegetation and soils.

Plant Species of Concern

The Conservation Data Centre has no records of rare plant species within
the study area. The absence of records may reflect the absence of fieid
inventory work rather than a true absence of rare plant species,
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4.4 Fisheries

4.4.1

Fish Distribution and Potential

The study area encompasses the portions of the lower reaches of the
Englishman River, as well as portion of the lower reaches of one of its
tributaries, the South Englishman River, and-portions of Craig Creek.

Englishman River

The cument site layout is situated adjacent to the east of the lower
Englishman River from a distance of approximately 1 km upsiream of the
Island Highway crossing to its confluence with the South Englishman River,

The Englishman River contains Atlantic salmon (Safme salar), chinook
salmon {Oncorkynchus ishawytscha), coho salmon (Oncorkynchus ksutch),
cutthroat trout {anadromous) (Oncorhynchus clarki), pink salmon
(Oncorhynchus gorbuscha), rainhow trout (Oncorfynchus mykiss), sculpins
{Cottus sp.), sockeye salmon {Oncorhynchus nerka), winter-tun steelhead
{Oncorbynchus mykiss), threespine stickleback (Gusterosters aculeatus) and
Dolly Varden {Safvelinus namaycush).

Use by anadromous fish species (alt salimon species, sea-run cutthrost trout
and stzethead trout) is limited to the lower 16 km of the river (TERA 1992),
A 10 m high waterfall at the 16 km mark limits upstream migrations. Dolly
Varder are only known to occur upstream of the waterfalt (Weyerhaeuser
2002). Resident rainbow trout and cutthroat trout are found throughout the
watershed. Coho and chum salmon have had the highest historic
escapement of all the Pacific salmon in this watershed, and have had high
escapement numbers in recent years. Pink and chinook gzalmon populations
are enhanced by stocking, and spawning escapement for these species has
also been high in recent years. The sockeye salmen stocks in the
Englishman River are very smali. Sockeye salmon and pink salmon
distributions are restricted to the lowsr reaches {downstremn of the Island
highway), while coho, chum and chinook salmen are known to exist
throughout the stream reaches bordering the subject site. Steslhead
spawning escapement numbers are declining and have been befow historic
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levels since the late 1990°s. Cutthroat trout populations have been
supplemented by stocking in the anadromous reaches.

Sculpins and threespine stickleback were only -documented in the
Englishman River estuary (B.C. Fisheries and DFO 2002a),

Atlantic salmon are escapees from ocean netpen operations, which have
started to colonize the river,

South Englishman River

The southwest corner of the site layout is situated adjacent to the South
Englishman River, from its confluence with the mainstream Englishman
River to a distance approximately 1 kn upstreatn. The lower 4.5 kamn of this
stream are accessible by anadromous species (LGL 2001). A waterfalt at
this location restricts upstream fish migration.

The South Englishman River containg coho salmon, cutthroat trout
{anadromous and resident) and winter-nip steelhead trout, All three species
appear to be wild and indigenous. No escapement data is available for this
siream.

Craig Creek

Approximately 2 km of the length of Craig Creek is located adjacent to, or
inside the subject site’s eastern boundary. The lower 2.5 km of this stream
are potentially accessible by anadromous species. Extensive land clearing
above thig reach has reduced flow levels, preventing fish access further
upstream. However, the presence of two cuiverts downstream of the Island
highway limits the known distribution of anadromous fish species to reaches
downstream of these points (B.C. Fisheries and DFO 2002b)

Craig Creek contains coho salmon and ses-run cutthroat trout. Escapement
data for coho salmon indicates a mean escapement for the pericd of 1984-
1999 of 25 fish per year, with a maximum in that period of 120 fish. The
highest escapement recorded was 400 fish in 1964 (B.C. Fisheries and DFO
2002b). .

&
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4.4.2

Fish Habitat

This section describes fish habitat constraints for the streams inside/adjacent
to the subject site.

Enplishman River

Low summer flows and high winter flows negatively impact summer rearing
and overwintering habitat quality, respectively. The Arrowsmith Lake dam
will hetp regulate stream levels during the low-flow period, however (LGL,
2001). Two sidechannels (by TimberWest and Weyerhaenser) were
constructed approximately & ki upstream from the estnary in the 1990°s.
These channels are being used by juvenile coho salmon for overwintering
(LGL, 2001), as well as by coho and chum salmon for spawning (DFO FISS
database, 2002). A proposal to extend the TimberWest channel by 2,000 m
is currently being reviewed (LGL, 2001).

Other habitat constraints noted in the DFO FISS database included the lack
of riparian vegetation cover in the anadromous reaches of the watershed.,

South Englishman River

LGL (2001) report that spawning habitat is limited in the lower South
Englishman River due to the prevalence of a hedrock streambed. No other
habitat constraints have been reported in the literature reviewed for this

report.

Craig Creek

Fisheries constraints for Craig Creek include a series of beaver dams near
the mouth, as well as two culverts downstream from the subject site. The
first culvert is located under the old Island Highway and represents a 0.5 m
drop. It may block both sea-run cutthroat trout as well as coho salmon. The
second culvert is located underneath the railway embankment and may be
passable dunng high water. Land clearing upstream of the Island highway
(but outside of the subject site boundaries) has resulted in much reduced
surnmer flows, limiting the habitat available to fish.

L
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4.5

wildlife

The stﬁdy area contains a varjety of vegetation types that support a range of wildlife
species. The highly productive lowland and riparian forests associated with the
Englishman River valley provide high quality wildlife habitat.

Since historical logging has taken place within the entire study area, much of the
wildlife habitat has been lost especially in the upland areas. The conversion of older
to younger forest structure and the subsequent changes in vegetation compoesition
resulted in wildlife species composition changes. However, the riparian areas along
the Englishman River where forests are older, vegetative species have for the mosi
part, re-established to pre-logging conditions and therefore wildlife habitat value i3
higher.

A potential species list was created based on known habitat that is available in the
study area (Appendix B). The actual mumber of species present in the study area is
likely to be much lower than the 242 listed in Appendix B since it is based on
regional and provincial wildlife distribution. :

The study area has been classified into six vegetation units that equate to wildlife
habitat based on TERA (1992).

451  Douglas-fir — Salai (01)

This wildlife habitat is of moderate value to wildlife with the exception of
the 30 to 80 year old stands (01-2)} which are of higher vaiue. The poor
diversity and high horizontal but low vertical stratification of vegetation in
the tree, shrub and herb layers support moderate numbers and diversity of
wildlife species, Common insectivores include the shrews, both of which
enjoy the protection offered by the abundant surface liter., Of the
granivores, deermice are prevalent, as are Douglas’ squirrels.

This area may provide feeding sites for birds and mammals with the
presence of standing or fallen dead material. The closed canopy provides
protection from wind and snow and, hence, these habitat types provide an
jmportant winter forage site. In addition, the closed canopy provides cover
from predators such as raptors, to small marnmals,
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452

This area, with its' relatively open understory, is important to browsers such
as blacktail deer and Roosevelt elk. It is most important to deer during
winter months where coarse gravel and boulder substrate create natural
openings in the vegetation. In addition to utilizing salal as a forage item,
deer also use the arboreal lichens such as 4lecroria spp., Bryonia spp. and
Usnea spp. Moderate to steep topography with southerly aspects below
700 m elevation are the most important deer habitat in the winter. Important
forage species for deer include salal, false azalea and Faccinium sp.

Elk use this hebitat only in the young, seral stages (01-1} as a primary
breeding and secondary feediﬁg' area. Older seral stages (01-2, 01-3 and 01-
4} are used for secondary resting areas. Deer use thig habitat most beavily in
01-1 areas as both a primary feeding and breeding area. Older sites are also
used for both breeding and feeding, but not as extensively. Cougar use this
habitat most heavily in the early seral stage, as well as in the 01-3 (30 to 100
year old) stage. The other seral stages (01-2 and 01-4) are also used for
breeding and feeding but not as heavily. Ruffed grouse use this habitat as
secondary breeding and feeding areas during all seral stages.

Douglas-fir/Bigieaf maple — Oregon grape (04)

The value of this habitat to wildlife species is relatively low. The poor
diversity and general lack of vegetation within the shrub and tree layers
support relatively low numbers and diversity of wildlife species, Typical
small mammals include the shrews and deer mice. '

Rirds found within this habitat include thrushes, such as the hermit and
Swainson’s thrush, bark feeders and gleaners such as red breasted
nuthatches and brown creepers, foliage feeders such as black capped
chickadees, golden crowned sparrows and winter wrens.

Deer are resident within the study area and are actively hunted in the
watershed as are blue and meffed grouse.
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4.5.3

454

Western redcedar — Snowberry (07}

Associated with the floodplain habitat and riparan habitat are wildlife
species attracted to the relatively open canopy of the deciduous and
coniferous trees and the demse undergrowth. The shallow, coarse-textured
pature of the soil generally supports fewer stnall mammal species than the
deeper forest soils, but larger mammals are relatively abundant. The site is
important for deer, particularly in winter, when the undergrowth constitutes
a significant source of food. The site is also important as a natal area for
deer in the spring. The deciduous trees provide excellent habitat for
breeding birds, especially warbiers, vireos and other insectivorous birds,
while the ground vegetation is atiractive to rufied grouse.

Elk and deer both use this habitat principally in the early seral stages as
primary breeding dnd secondary feeding areas. Elk use the older seral stage
for secondary breeding only, while deer will use all clder seral stages for
breeding. Cougar use all this habitat’s seral stages as a secondary breeding
and feeding area. This habitat is very important to ruffed grouse which use
this area as a primary breeding and feeding area in all seral stages,

Of the & wildlife habitats present within the site, this area is the most
important to wildlife,

Western redcedar — Skunk cabbage (11)

These areas are highly productive for wildlife. Use of the wetland-seepage
sites i3 primarily during spring and summer months. Species groups which
have an affinity to wetlands include songhirds, smali mammals, as well as
larger mammals such as bear and deer. Red alder and willows, common
species within the seepage areas, provide food for black-capped chickadees
in the form of catkins, while deer and ruffed grouse feed on the twigs and
tuds. Black bear will feed heavily on skunk cabbage during the spring.

Deer and cougar do not generally use wetland — seepage sites. Elk and

ruffed grouse, however, use this area as a primary and secondary feeding
habitat, respectively,
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4.5.5

4.5.6

4.5.7

Transmission line vegetation (T)

This seral stage habitat is essentially a successional forest on regenerating
clear cuts. The edges of the habitat provide excellent forage areas for deer
and bear. However, the lack of cover and escape trees from B.C. Hydro
maintenance of this right-of-way make utilization very low. Bears,
however, may den in these areas if large stumps and logs are present. '

Often, large areas of salmonberry, elderberry, huckleberry and other
succulent shrubs are present as forage species. In winter its' wildlife value is
limited due to the lack of forage and potential snow pack which reduces
mobility of large mammals. The stady area’s xeric nature, being within the
Wancouver Esland mountain’s rain shadow, and general lack of moisture has
resulted in poor regeneration of this area’s vegetation, further reducing use
by wildlife.

This habitat is important to elk, deer and cougar, in that it is primary

breeding and feeding habitat when there i3 sufficient shoub cover and:
vegetation. Ruffed grouse do not penerally use this area.

Unvegetared (1)

These areas have little or no vegetation present and, consequently, are of
very low value to wildlife. Ungulates and large camnivores may occasionally
use roads as travel cormdors.

Wildlife Species of Concern

-The Conservation Data Centre has no records of mare wildlife sr.lccim. within

the study area. The absence of records may reflect the absence of field
inventory work rather than a true absence of rare wildlife species.

Red-listed (threatened) wildlife species (see shaded entries in Appendix B)
potentially found in the study area include, Northern Goshawk (decipiter
gentilis ssp. laing?), Purple Martin (Progne subis), water slwew (Sorex
palustris ssp. brookss), Keen's long-eared myotis (Myosis keenii) and
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wolverine (Gulo gule ssp. vancouverensis). The habitats on the study site,
which these species may inhabit are described below.

Northern Goshawk {Accipiter gentilis ssp. laingi): Goshawks breed on
Vancouver Island and generally build their nests in old growth or mature
forests using the same territory year after year. The goshawk requires large
expanses of forest tract, such as those along the Englishman River and it is
probable that northem goshawk may nest within these areas.

Purple Martin (Progne subis): This species is associated with sheltered
estuaries and harbours for nesting, but are found foraging in deciduous
second-growth forests near ponds, power line rights-of-way and farmlands.
It is probable that this species inhabits this site in the riparian zones of the
Englishman River, Craig Creek, the wetland ahd the right-of-way streiching
across the central portion of the study area. However, purple martins are
increasingly using artificial nest boxes, so sbsence of the boxes may
preciude the existence of this species.

Water Shrew (Sorex palustris ssp. brooksi): Water shrews are associated
with the Coastal Douglas Forest biogeoclimatic zone and the study area
exists within this species’ known distribution on Vancouver Island. The
water shrew lives on the edges of streams and wetlands. It is probable that
this species may be found in Craig Creek, the small wetland and the riparian
areas associated with those waterbodies,

Keen’s Long-Fared Myotis {Myotis keenii): This species aimost entirely _
lives along the coast of British Colurnbia, however most colonies have been
found on the Queen Charlotte Islands. They roost in rock crevices and
hollow trees, and hibernacula exist in cool, humid, and protected areas.
Keen’s Long-eared Myotis may exist in the older second growth forest areas
along the Englishman River, aithough it is improbable.

Waolverine {Gule gulo ssp. vancouverensis): The study site exists in arcas
of known former distribution of the wolverine. This species probably
prefers alpine tundra, subalpine parkland and mountain forest, although the
general biology of the wolverine remains poorly understood. Although it is
improbable that this species inhabits the study area, it mey occur in the
riparian habitat along Englishman River and possibly, traverses the right-of-
way.
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4.6

Biodiversity

Biodiversity was addressed in threze ways:

4.6.1

A comparison of wildlife species richness for each habitat;

A review of the Sensitive Ecosystem Inventory (SEI) data; and,

An assessment of landscape linkages present in and adjacent to the site.

Wildlife Species Richness

Table I lists the number of species (species richness) for the three main
forested habitats plus river and stream habitat for each taxonomic wildlife
group, The numbers were calculated by summing the number of species in
each habitat in Appendix B. The numbers are hypothetical since it is not
known if each species actually cccurs in the sidy area. The forested
habitats all have a similar leve! of potential species rickness, however, the
riparian habitat Western Redcedar - Snowberry is potentially the most rich.

Table 1. Potential wildlife species richness by habitat for each taxonomic group.

) Amphibians | . - Grand
Habitat and Reptiles Birds | Mammals Total
River/Streams 9 74 14 97
Fd - Salal and

13 132 30 175
FdBg - Oregon grape
Cw - Skunk Cabbage 13 126 3t 170
Cw - Snowberry 13 136 36 185
4.6.2  Sensitive Ecosystem Inventory

The S5EI STET mapping is provided in Figure 6. Based on our ground-
truthing of the SEI polygons they have been significantly changed since
mapping occurred in 1997, Table 1I describes the sensitive ecosystems that
are present in the study area. Four ecosystems were mapped in the stody
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area. Three of the ecosystems are considered sensitive {Wetland, Riparian
and Older Forest). The fourth unit {Older Second Growth) is not sensitive,
but is included in SEI mapping for its contribution to biodiversity and
wildlife habitat values (Ward ez af., 1997).

The Riparian and Older Forest units primarily occur in the Englishman
River valley and are not likely to be affected by the development. There are
three Clder Forest polygons (N0973A, N0997 and N0999} cutside of the
river vailey in the north end of the study area on either side of the Island
Highway. A portion of polygon N0977 east of the island Highway has been
¢cleared and could no longer be classified Older Forest.

The small swamp wetland in the south end of the study area was identified
as a sensitive wetland {polygon N1058). Wetlands are rare in this region and
it will be important to protect this area.

The remaining SEI polygons are identified as Older Second Growth Forest
(polygons N1017 and NOS98). '

In the time since the SEI mapping was completed (some portions of the
mapping dates back te 1994), land clearing has occurred and a significant
amount of Older Second Growth areas have already been removed,
especially for polygon N1017.
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4.7

5.0

5.1

4.6.3

Landscape Linkages

Landscape linkages are land corridors between undeveloped or protected
habitat areas and are the focus of growing attention in the conservation of
biological diversity (Hudson, 1991),

The Englishman River valley is an important natural corridor as it links with
numerous natural areas to the west {including Mt. Arrowsmith) and the
marine environment of Georgia Strait to the pertheast.

Within the proposed development site, maintaining linkages between the
Englishman River valley and the small swamp wetland in the south end of
the site and with ALR land to the south and east of site would provide
corridors for movement among different habitat types and would contribute
to the maintenance of biodiversity in the region,

Eand-Use

" Present Jand-us¢ in the surrounding area is a mixture of undeveloped forest,

residential, agricultural and industrial. Residential and agricultura) properties bound
the property to the cast. New residential developments are under construction on the
southern boundary of the property. A permifted woodwaste disposal site is vnder
operation by Weyerhauser, the previous owners, at the northern limit of the property.

RECOMMENDATIONS AND BEST MANAGEMENT PRACTICES

Environmentailly Sensitive Areas

Envirommentaily Sensitive Areas (ESAs) are those areas that contain rare, unique or

important species, habitats or ecological functions. ESAs require special management

considerations.
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5.2

Three ESAs were identified based on the analysis of the results presented in the
previous sections:
» “Small swamp wetland in the southern portion of the study area;
_s The Englishman River and assoctated ﬁpﬁrian habitats; and, -

» Craig Creek and associated riparian area.
Figure 7 shows the location of ESAs in the study area.

Best Management Practices

Best Management Practices {BMPs) and recommendations are considered in two
categories: Planning and Desigm, and Construction.

521  Planning and Des\lt'gn

The following BMPs and recommendations should be considered during the
planning end design phase.

¢ Respect Environmentally Sensitive Areas (ESAs).

¥ Small swamp wetland in the southern portion of the study area;
» The Englishman River and associated riparian habitats;

¥ Craig Creck and associated riparian area; and,

¥ Older second growth {mature) forest areas.

» Establish a greenway between the swamp wetland in the south end with
the Englishman River valley (Nordstrom 1990).

s Using recent air photographs, identify Old Forest area within the
development site and subject these to appropriate protection.

» Environmental setback from streams, wetlands and older forests are:
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¥ Englishman River; From top-of-bank, i.e. where a break in the
slope of the land occurs such that the grade beyond the break is
flatter than 3:1 at any peint for a minimum distance of 15 metres
measured perpendicularly from the break;

% Craig Creek: From top-of-bank, i.e. where a break in the slope of
the land occurs such that the grade beyond the break is flatter than
3:1 at any point for a minimum distance of 15 metres measured
perpendicularly from the break; and

% Wetlands: From the winter high water mark.; and
% Older Forest Ecosystem: From edge of re-mapped SEI polygon. ‘

Other relevant concurtent studies include:

» A stormwater management pian has been mrﬁpletad ty EBA for the site.
This plan follows stormwater management BMP's presented in DFO
(1993) and MWLAP (2001). The plan ddes not have any direct
connections {i.e. outfalls) to waterbodies within the site and should not
result in any impacts to water quality or quantity (i.e. flows) to’
waterbodies on the site.

« EBA was retained in 2002 to conduct a hydrogeological assessment of
the proposed subdivision. Septic fields were evaluated as & means of
sewage treatment, and based on the investigations and analysis described
in this study, development of septic systems for the proposed
development will not effect water quality in the Englishman River (EBA
2002).

» EBA was retained to complete a geotechnical analysis, which has
identified building setbacks from the top-of-bank of the Englishman
River the details of which are in the study given.

522 Construction

The following BMPs and recommendations should be considered during the
gongtruction phase.
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6.0

7.0

+ A silt, sediment and erosion control plan will provide sediment and
runoff conirel and treatment BMP's as suggested in the DFO/MWLAP
Land Development Guidelines for the Protection of Aquatic Habitats

. (DFQ, 1993) and -the Environmental Objectives, Best Management
Practices and Requirements for Land Development for the Vancouver
Isiand Region (MWLAP, 2001}. This plan should be developed prior to
construction,

RECOMMENDED STUDIES

A raptor survey on and around any development areas, (e.g. roads) pror to
commencement of clearing is recommended: for further study.
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Appendix B

List of Wildlife Species that could be Present in the Study Area Based on Habitat

Availability,

Group

Commeon Name

Status '

River/Streams

Fd - Salal and

Rough-skinned newt

|Northwestern salamander

Long-toed salamander

Clcuded salamander

Ensgatina salamander

Western red-backed salamander

Western, toad

Pacific treefrog

Red-legged frog

IS GBI R R FdBg - Oregon grape

sl || s]m]| = |sefon| ] Cw - Skunk Cabbage

W rmpoe|oe o | m{m x| Cw - Smowherry

ot || o0 14 | 0

B

:_ B x

LEiIda B X x
Birds Gireen-backed heron B X x
Birds Black-crowned night-heron x

Birds Tundra swan x

Birds Trumpeter swan B | x x X

Birds Mute swan ; x

Birds Greater white-fronted goose X

Birds Canada goose x

Birds, Wood duck X .
Hirds Green-winged teal X
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Birds Mallard X

Birds Northern pintail X X x X

Birds Blue-winged teal x X x X
Birds Cinnamon teal x
Birds Northern shoveler x
Birds Gadwall X
[Birds Furasian widgeon X
Birds American widgeon A
Birds Canvasback x
Birds R.edhead x
Binds Ring-necked duck X
Birds Greater scaup x
Birds Lesser scaup X
Birds Harlequin duck | ox
Birds Dldsquaw B} x
Birds Black scoter x
Birds Surf scoter B x
Birds White-winged scoter. x

Birds Common goldeneye X x X x

Birds Barrow's goldeneye X x X X

[Birds Bufflehead X X X X

Birds ooded merganser x X x x

Birds |Comimon merganser x x
Birds Red-breasted merganser x

Birds Turkey vulture B x x X

Birds Osprey x x X X

Birds (Bald eagle B x x x x

‘Birds Northern harrier x x x

Birds Sharp-shinned hawk X x x

Birds Coaper's hawk X x x

Birds Northern goshawk subspp. x X X

Birds Swalnson's hawk B x | = x

Birds Red-tailed hawk = x x

Birds Golden eagle X x X

Birds American kastrel X x X
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Hirds Merlin X x X
Birds Gyralcon B[ x
Birds Ring-necked pheasant x X x
Birds Blue grouse X x x
Birds Ruffed grouse x X x
Birds Wild turkey X
Birds California quail . x X X
Birds Mountain quail x X X
Birds Sandhill crane B x
Birds Killdeer X
Birds jGreater yellowlegs x
Birds Lesser yellowlegs x X X
i x
X
x
Birds Common: snipe X
Birds Ring-billed guil i
Birds California gull B X
Birds Western guli x
Birds Arctic tern X
Birds Marbled murrelet B x X X
Birds Rock dove X x x
Birds Band-tailed pigeon X x x
Birds Mowming dove _ X | x X
Birds Bam owl B x x '
Birds ‘Western screech owl B x X X
Birds jGreat horned owl X x X
Birds Northern hawk owl . X x x
Birds Northem pygmy owl subsp, swarthi | B x x X
Birds Barred owl x x X
Birds Great gray owl x X x
Birds Long-cared owl x x x
Birds MNorthemn saw-whet owl subspp. - x x X
Birds . |Common nighthawk x X x x
Birds Vaux's swift x X X X

i
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Birds Anpa's hummingbird X x x
Birds Calliope humminghird X x x
Rirds Rufous humminghird x X x
Birds Belted kingfisher X
Birds Lewis' woodpecker B X x
Birds Red-breasted sapsucker X x x
Birds Downy woodpecker X x x
Birds Hairy woodpecker subspp. X X X
Birds Three-toed woodpecker x X x
Birds Northern flicker x X x
Birds Pileated woodpecker X X x
Birds Olive-sided flycatcher x x x
Birds Western wood-pewee X x X x
RBirds Least flycatcher x z x
Birds Hammond's flycatcher x x X
Birds Dusky flycatcher x X x
Birds Western flycatcher complex x X x
Birds Eastern kinghird 1 x x x x
Birds ‘Furasian skylark _ X x x
Birds Tree swallow x .
Birds Viclet-green swallow - x x X x
Birds Northern rough-winged swallow x x x X
Birds Bank swallow x
Birds CLff swallow x x x
Birds Barmn swallow X x X
Birds Giray jay x X X
Birds Steller’s jay subspp. x X X
Birds Blue jay x
Birds Clark's nutcracker X
Birds Black-billed magpie X X x X
Birds Northwestern crow X x x
Birds Common raven x x X
Birds Rlack-capped chickadee x x %
[Birds Mountain chickadee x X x
Birds Chestnut-backed chickadee X X X
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Birds Bushnt X x X
Birds Red-breasted nuthaich x x x
Birds White-breasted authatch X x x
Birds Pygmy mthaich x X X
Birds Brown creeper X X 1
Birds Bewick's wren x X x
Birds House wren X X x
Birds Winter wien X x X
Birds American dipper x

1Birds Ciolden-crowned kinglet x x x
Birds Ruby-crowned kinglet x x X
Birds Western bluebird X X
‘Birds Townsend's solitaire X X x X

Birds Veery x
Birds - Swainson's thrush X x X
[Birds Hermit thrush X x x
Birds American robin X x X
Birds - Varied thrush X X x
Birds Bohemian waxwing X x X
Birds Cedar waxwing X x x
Birds Morthern shrike x x x
Birds European starling x x x
Birds Solitary vireo x x x
Birds Hutton's vireg B x x x
Birds Warbling vireo X X X
Birds Red-eyed vireo X x X
Birds Tennessee warbler x x x
Birds Orange-crowned warbler X x X
Hinds Nashville warbler X X X
Birds Yelow warbler X x
Birds Magnolia warbler x x X
Birds Yelow-rumped warbler x x x
Birds Black-throated gray warbler X x X
Birds Townsend's warbier X X X
Birds Black-throated green warbler B x x x
Birds Palm warbler B x x x
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Birds Moithern waterthrush x x
Birds Mac<rillivray's warbler X X
Birds Commen yellowthroat X X
Birds ‘Wilson's warbler - X X X
Bde i VRl Dpvantod Ehalir S s PR Lo o R [t
Birds Western tanager x x x
Birds Rose-breasted grosbeak x
Birds Lazuli bunting x X
Birds Rufous-sided towhee x X X
Birds Chipping sparrow X x x
Birds Savannah spammow x x x
Birds Fox sparrow x X x
Birds Song sparrow x X x
Birds ‘White-throated sparmmow x X x
Birds (olden-crowned sparrow x x X
Birds White-crowned aparrow x x X
Birds Drark-eyed junco X x x
Birds Rusty blackbird x x
Birds Brewer's blackbird X
Birds Common grackle x
Birds Brown-headed cowbird X
Birds Northern oricle x X x
Birds Pine grosbeak subsp, carlottae B x x x
Birds Purple finch x X X
Birds Cassin's finch x x X
Birds House finch X X X
Birds Fed crossbill x x X
Rirds White-winged crossbill X x X
Birds Pine siskin x x X
Birds American goldfinch x X x
Birds Evening grosbeak x x X
Mammals |[Common shrew . x b
Marnmals  [Dusky shrew x
Mammals [Water shrew subspp. x x
Mamimals- |Water shrew subsp: brooksi - & =[PReEEwREs ks o e
Mammais |Vagrant shrew X x X
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Big brown bat X x X
Silver-haired bat x x X
Hoary bat X x x
California myotia x x x
Western long-eared myotis X X X x
=ReenlohgSared fiyots T innt e s wr B Es ]
Little brown myotis x X X X
Long-legged myotis x X x X
Mammals _I,E’Ema myotis X X x X
Mammals  [Townsend's Big-eared bat x X X
Mammais  [Eastern cottomtail x
Mammals  [Muskrat x
Mammals [Beaver X 4 X x
Mammals  [Deer momse P X x
Mammais |[House mouse X X x
Mammals  [Norway rat x x x
Mammais |Black mt X x X
Mammals — [Northern flying squirre] X X x
Mammals  |Gray squirrel X X x
Mammals  [Red squimrel x X x
Mammals  [Gray wolf x X x x
x X x
e e
X
Mammals  [Marten x x A
Mammals  [Ermine subspp. X x X
Mammals  [Emine subsp. anguinea x X 3
Mammals |[Mink X x
Mammals [Raccoon X X x
Mammals  [Black bear subspp. X X X x
Mammals  [Elk subsp. rooseveln x x x
Mammals  Mule deer subsp. colymbianus x x X

TR'= Red-Iisted (shadedy; B = Blos lsted
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L.¢ Introduction and Background

The following report outlines the results of an Archaeclogical Overview Study (QAS)
carried out on behalf of the Vancouver based Englishman River Land Corporation and
focused on lands comprising the Corporation'’s 900 acre subdivision proposal of Block
364, Nanoose District, near Parksville, B.C. (see Maps 1 and 2). The QOAS was carried out
by the Duncan B.C. based heritage consulting firm, The Bastion Group, under the
direction of archaeologist Bjorn Simonsen. The latter was assisted in the field
reconnaissance component of the project by Mike Edwards, of the Nanoose First Nation,

The 8.C. Archaeological Assessment Guidelines document {published by the Archaeology
and Registry Services Branch of the Ministry of Sustainable Resource Management - sce
Government of B.C., 1998), describes the objectives of an Archaeological Overview
Study as a study that "... is intended to identify and assess archaeological resource
potential or sensitivity within & proposed study area ..." and which makes * _
recommendations concerning the appropriate methodology and scope of work for
subsequent inventory and/or impact assessment (ALA) level studies.. ", The same
"Guidelines" indicate that OAS projects normally include the following components:

- & review of previously completed archaeological, tistoric and ethnographic studies that
are pertinent to the study ares;

- & determination of archaeological resource potentiaf and distribution for the study area;

- a preliminary assessment of anticipated development impacts on known or potential
archaeological resources; and

- a report that outlines the findings of the study 2nd which makes recommendations
regarding the nature and scope of additional archaeclogical studies (usually at the ATA
level).

The recently completed Biock 564 lands AQS inchuded all of the above, as well as a two-
day archaeological field reconnaissance carried out by B. Simonsen and M. Edwards on
December 30th., 2002, and January 3rd., 2003,

2,0 Description of Subject Lands

The Block 564 lands comprise approximately 900 acres which border the right bank
(south side) of the Englishman River, just south of Parksville on Vancouver Island's east
coast. The lands run southwards from the intersection of the Parksville Bypass and Old
Island Highway, to a point approximately 2 kilometers up-river (see Maps 1 and 2). The
inland extent of these lands away from the river bank varies from as little a5 70 meters to
one kilometer.

All parts of the Block 564 lands have been previously logged, with most areas only
supporting fivenile stands of second - and even 3rd. growth - timber, Portions of these
lands also contain large gravel pits and other remmnants of past land development (see
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Figure I: View uf iinghshman River bank and associated terrace Feature in the
vicinity of B.C Hydro powerline. Such areas have archaeclogical potentiat

Figure 2: Vi

ew of archaeofogical potential terrace features at the southwest end of
the Block 564 Lands, above Englishman River.



Figures 2 - 4). Tt is safe to say, that virtuaily ail parts of the 900 acre block has been
altered in some way as a result of past land use during the past 100+ years. This includes
much of the lands that border the banks of the Englishman River where natural erosion
and extensive fisheries enhancement works (including the counstruction of spawning
channeis and stream deffection works) have altered many areas that may have had a
potential for containing evidence of past aboriginal occupation and/er land-use, in the
form of archacclogical remains. The subject lands also support numerous trails and roads
and are bisected by two major utility line corridors, namely a B.C. Hydro 500 Kv.
transmission line and the Vancouver Island Natural Gas pipeline {see Map 2).

Where timber is still present, this consists mainly of juvenile stands of Douglas-fir, mixed
with Hemlock and occasional smalf clumps of red cedar and balsan, Minimal old-growth
stands of red cedar and Douglas-fir are found along the steep edges of river banks
associated with the Englishman River and a small section of Craig Creek - the only other
stream associated with the subject lands (see Map 2). The lack of substantial stands of old-
growth timber is a major factor in determining a potential for the subject lands to contain
calturally modified trees (CMTs) - which are protected under the B.C. Heritage
Conservation Act if they pre-date the year 1846, Similarly, the large amount of land
alteration and disturbances caused by past development activity within the study area
greatly reduces the amount of fands that might otherwise be deemed to have a potential
for containing archaeclogical evidence of past aboriginal use or oceupation. For exampie,
the removal of topsoil and underlying deposits in areas of past gravel extraction would
bave the effect of destroying all evidence of archseological deposits or remains that may
have existed in such locaticns.

3.0 Related Archaeological Investigations snd First Nations Land-Use
In the Study Area

Only one previous archaeological investigation has taken place within the Block 564 lands
{(based on our review of reports and archaeological site records from the general study
area). This was an archacological overview and impact assessment project carried out in
advance of the construction of the Vancouver Island Gas Pipeline project in the early
1990s. The gas pipeline OAS and AIA studies (carried out by the Victoria based
archaeological consulting firm of LR Wilson Consultants Ltd.) examined the proposed
natural gas pipeline route through the subject lands but found no evidence of
archaeological deposits or remains (LR. Wilson et. al, 1989, L.R. Wilson, 1991). The
pipeline right-of-way through Block 564 runs along the west side of the previously built
B.C. Hydro transmission line cortidor, with the exception of 3 small portion of pipeline at
the south side of the Englishman River crossing. Here, the pipeline deviates slightly away
from the main B.C. Hydro corridor glong a low river terrace, but joins the normal rght-of-
way again just south of the crossing (see Map 2 for detail).

Although the 1R Wilson gas pipeline ATA project found no archaeological evidence
within Block 564 lands, it did find and document a site on an old river terrace feature,
approxirately one kilometer north of the Englishman River {LR_ Wilsen, 1991; 170). This



. site (Dh8k-37) is described in the B.C. Archaeological Site Registry database as a small
occupation site containing stone artifacts and assaciated detritus material, both on the
surface and in & sub-surface archaeological context. We must note here, that the Block
564 lands contain a number of physiographic featuces that are similar to the location of site
DhSb-37 (see Figure 2 of this report) and some of these are considered to have
archaeolegical site potential.

Three other previously recorded sites are found in close proximity to the Block 554 lands.
These include site DhSb-05 - a petroglyph site located on a sandstone bluff at the upper
end of the Englishman River canyon, immediately rorth of the subject lands - site DhSh-39
- & rock overhang (or "rock-shelter” feature) containing evidence of past human
occupation - and site DhSb-41 - a small infand shell midden surface scatter and shallow
deposit found within a triangular shaped piece of land lying on the west edge of the old
island highway and the Parksville By-pass, just south of the E and N Railway crossing of
the former highway right-of-way (see Millennia Research, 1995 for detail). Although a
number of other reports and sources ahout past archaeological and anthropelogical studies
in the Parksville/Englishman River area were reviewed in the course of the Block 564
OAS project, no additional information of relevance to our study was found in these
SORKCES,

Finally, two previously un-recorded archaeological deposits were found by the Bastion
Group fieid reconnaissance team in the course of the recently completed AOS study.
Although both sites are located just outside the boundasies of Block 564 (see Map 2),
their presence provide further evidence of past aboriginal land-use in the study area. In
both of these locations, surface shell midden matrix was found scattered on the surface.
However, neither site appears to contain any sub-surface deposits or remains, based on
our in-field observations. This should be confirmed by means of sub-surface examinations,
at some future time.

The presence of previously documented archaeological sites in close proximity to the
Block 564 lands suggests that simitar site areas could be present within the latter lznds,
despite the effects of past land alteration activities, Qur consultations with representatives
of the Nanoose Nation - albeit brief - have also indicated that the Englishman River has
been a major source of salmon for the Nanoose people, as well as for surrounding groups
such as the Pentlatch and Snuneymuxw - throughout their history. Areas adjacent to the
tiver provided game (mainly deer and elk) as well as mumerous plant species used for
food, medicine and for ceremnonial activities. The timber rescurces of the area were also of
great significance to the aboriginal people. Many First Nations from within the study area
continue to utilize these natural resources - particularly the salmen resources of the
Englishman River - on a regular basis. This being said, it must be pointed out that no
specific information about traditional use areas within the Block 564 lands was provided
to The Bastion Group in the course of the OAS study.



Figure 3: View of an abandoned sravel pit focated within the Block $64 Lands

Figure 4: View of'an exposed gravel bank atong the side of a gravel pit in the
Biock 564 Lands. Such features provide good sub-swiface exposures
for an examination of potential archaeological deposits.



4.0 Archaeological Potential Areas

Following from the above discussion of what is known about archacalogical site
occurrences in the study area, together with observations and discoveries made by the
Bastion Group field reconnaissance team during a two-day field examination of most areas
within Block 564, we have determined that a total of 10 areas within the proposed |
subdivision lands contain a medium to high potential for containing archaeological

evidence of past aboriginal land-use and/or oceupation. These areas (shown on Map 2 of
this report} may contain surface and/or sub-surface archaeological materials or deposits
such as shell midden matrix (crushed and whole skell mixed with dark organic s0ils) or
stone artifacts and/or detritus (stone chips and other by-products from the marufacture of
stone artifacts).

Although a single petroglyph (figures incised into rock) stte ocours on a sandstone outcrop
in the vicinity of the Block 564 lands, we do not believe that there is any potential for
additional sites of this type to be found within the actual subdivision lands since no similar
within Fhcas Tands: There s also Sorasess there, sy rock shelter type o ehaiae e s of
past forest utilization activities in the form of culturally modified tree features. These may
include bark-stripped trees, scarring related to cambium bark gathering, pitch collection
scarring and possibly evidence of plank removal and canoe tree procurement activities.
Most such evidence is found in areas with goed stands of old-growth red cedar, but may
also be associated with Hermlock trees and, to a limited extent, Douglas-fir stands,
Although ne CMTs were cbserved in the course of a two-day field reconnaissance, it is
our opinion that areas of cld-growth forest along the banks of the Englishman River and &
srnall section of Craig Creek have a good potential for such features to be found.

3.0 Conclusions and Recommendations

The previous sections of this report have shown that no previously recorded
archaeological sites or features are situated within the proposed Block 564 subdivision
lands and no such sites or features were found in the course of 3 two-day long field
reconnaissance within the subject lands. However, we have also demonsirated that some
areas of Block 564 have a potential for archaeological resources to be present (as shown
on Map 2), but that this requires verification by means of a more thorough field
examination,

Following from the above, it is our recommendation that an archaeological impact
assessment (AIA} level of investigation be carried out, prior to the proposed 20 acre
parcels being put on the market. This will ensure that any archaeological sites that may be
found can be protected, ither by means of legal covenants to restrict firtore development
or by excluding site areas from marketed parcels, or simply designated as being
archagologically non-significant and eliminated. The latter may require a significance
evaluation level of archacological investigation, as defined under the provincial AIA



"Guidelines”, referenced earlier. This work must be carried out under the authority of a
"Heritage Inspection Permit", issued by the Archacology and Registry Services Branch
under Section 14 of the B.C. Heritage Conservation Act,

An AlA level investigation of the subject iands will require a detailed examination of the
ground surface and existing sub-surface exposures within the ten areas shown on Map 2.
Ir addition to these examinations, it will be necessary to carry out a limited program of
shovel (or machine auger) testing of some portions of terrace features contained within the
ten areas, as well as examinations of ald-growth timber stands within Block 564 for the
presence of CMT features. We estimate that this work could be compieted in about one
week with a field crew of three persons.
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EBA Engineering Consultants Ltd.

Creating and Delivering Batter Solutions

Jarmary 24, 2003

EBA File: 0805-5887561.001

Englishman River Land Corporation
1100-938 Howe Street

Vancouver, BC

V6Z IN9

Aftention:  Mr. Breat Kapler

Subject: Block P ille. B.C.

As requested, EBA Engineering Consultants lid. (EBA) has summarized the main findings from
our previous reports on water suppky and septic systems for Block 564 located near Parksville,
B.C. We have also provided a respense 10 additional questions/requests for clarification from the
Regional District of Nanaimo following their review of these reporis.

This letter is presented as a series of questions and responses below:
1). Can the Lower Aquifer supply enough water for the subdivision over the fong term?

From our interpretation of well records, published reports and previous experience in the area,
there is a confined sand and gravel aguifer underlying Block 564 and surrounding area. Based
on experience with other municipal water systems drawing from aquifers of similar geologic
origin, our review and synthesis of relevant data, a numerical groundwater model and analytical
solutions, we conclude that there is a very high probability that the Lower Aquifer will be
capable of supplying the required water demand for the foreseeable future.

The RDN requested clarification concerning how the pumped aguifer is recharged (i.e. how is

the pumped water replenished?). Recharge is supplied by downwards leakage of water through a
fayer of silty sandy till about 20 m thick that overlies the Lower Aquifer.

Lomar sy 1}, DT

Sun Lifi Piazs, Filth Fioor, 1100 Meiile Street, Vancouver, British Columbia VGE 4A8 eoQ
Tl (604) 6850275 - Fax: (604) 584-6241 Intemet: vancoiver@eba.ca - Web Site; www.aba.ca



0805-5887561.001 -2- January, 2003

The mate of leakage is controlled by a variety of factors including the vertical hydraulic
conductivity of the till confining layer and the hydraulic gradient across the confining layer. In
general, the amount of leakage will be greatest near the proposed pumping wells (because the
vertical gradient across the till confining layer is greatest al these locations) and the amount of
leakage will decrease at increasing distance from the wells.

Recharge of the Lower Aquifer will ocour on the property and also off the property on
surrounding lands where the pumping causes sufficient drawdown to induce downwards leakage
across the confining layer. The source of water for this leakage or recharge is contained in a near
surface sand and gravel deposit referred to as the Upper Aquifer in our report. Sources of
recharpe for the Upper Aquifer comes from a variety of sources, including rain and snowmelt,
losses from creeks and septic systems, both on-site and off-site. Comments relating to water
quality in the Lower Aquifer and the effect of septic systems on water quality are discussed in
questions 4 and 6.

Recharge will also be supplied by spwards leakage of water from soil and/or bedrock units that
underlie the Lower Aquifer, but this was neglected in our analysis to be conservative. The
concept of leakage across a confining layer of relatively low permeability (e.g till) into a
- pumped acquifer is a well-understood concept that has been documented in the technical literature -
for decades (e.g. Hantush and Jacob {1955), Hantush (1956, 1960), Neuman and Witherspoon
(1969, 1972)).

2). Will pumping the Lower Aquifer effect low flows in the Englishman River?

Yes, pumping from the groundwater aquifer will reduce flows in the Englishman River, but the
ammmtisverysmn]],relaﬁvatnthelowﬂuwsinﬁva‘duﬁngthelatemnmer. The most
important period is the summer months when river flows are lowest. During the period of lowest
flows, the flow in the Englishman River is about 1.26 cobiic metres per second. Very
conservatively, we have calculated that the flows in the river could be reduced by as much as
0.008 cubic metres per second, about 0.6% of the total river flow. This reduction in flow likely
will not be measurable with the gauge used to measure the river flow and is unlikeiy to
detrimentally effect use of the rjver for aquatic habita.

3. Will pumping the Lower Aquifer effect other existing wells?
Yes, pumping the Lower Aquifer for the proposed subdivision will result in a drawdown

(lowering of the piezometric surface) that extends off of the property. This will reduce the
height of the water column in surrounding domestic wells that pump from the Lower Aquifer.

&
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0805-5887561.001 -3- January, 2003

Generally, the amount of drawdown is greatest at the location of the pumping wells, and the
drawdown diminishes with increasing distance away from the pumping wells. The amount of
drawdown produced in existing domestic wells due to the proposed pumping weils {temed
minterference drawdown") is estimated to range from about 1.0 to 3.5 metres (using conservative
analysis) in the nearest domestic wells {located on Rascal Lane). The height of the water coturmn
in these wells is about 30 m. Therefore, the proposed purnping wells could produce an
interference drawdown of up to about 12 percent of the available drawdown. This amount of
interference drawdown is not considered to be excessive and is not anticipated or expected to
detrimentally effoct operation of existing domestic wells,

4). Is the water quality in the Lower Aquifer suitable for drinking water?

Based on results of a single chemical analysis from a Lower Aquifer well directly adjacent to
Block 564 and multiple tests from 28 municipal wells in Parksville and Lantzville that pump
from similar aquifers, water quality is expected to be well suited for drinking water. Depending
on local water quality conditions, treatment for aesthetics (i.e. iron and manganese) may be
required.

5}, Will septic systems cause pollution of the Englishman River?

Household septic systems (i.e. drainfields) discharge domestic wastewater to the ground.
Domestic wastewater may contain pathogens {e.g. bacteria or viruses potentially harmful to
human health) or chemical parameters, for example nitrate (NC3).

As wastewater seeps through soils, pathogens are filtered (ic. prevented from moving with the
water) due to constrictions in the pore spaces of soils. Nitrate on the other hand does not tend to
react with the soil to any significant degree and therefore moves with the groundwater sespage
through the aquifer.

The BC Ministry of Health regulates the design and construction of household septic systems in
R.C. They have developed regulations that specify, among other things, the required setback
distances between septic systems to drinking water wells and surface water. These setback
distances are intended to be protective of human health and the environment.

Our previcus analysis showed that the setback distances between the proposed building sites and
the Englishman River (or Craig Creek) are well in excess of the minimum requirements of the
Health Act Sewage Disposal Regulation. Based on this, it was concluded that the setback
distances are protective for preventing pollution of the river water by pathogens.
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Conservative calculations of the loading of nitrate to the river were performad. This analysis
wmmwﬁvampﬁm&rnimloﬂhgmw&mﬂmm
increass in river water pitrate concentration (which occurs when the river has lowest flows) was
0.09 mg/L aa N. Ambient pitrate leveds in the river preseatly rango between 0.004 mg/l. as N
and 0,095 mg/L a5 N with en average of 0.034 mg/L aa N. The drinking water limit for nitrate is

100 mg/L as N,

Bnndnnthaabamhwasmndnddﬂﬂupﬁcwﬂmwﬂlmtdmimmﬂrafﬁﬂm
quality in the Englishman River or impair its use as a drinking wter source.,

5). qupﬁcwmcmepnﬁuﬂmofﬁzwdquyﬁr?

mammmmms,mﬁnwmmmwmdm
pumﬁmsuchunimﬂmhneguiddinnﬁrpmwﬁmnfhﬂlﬂlindﬁnmm.ﬂc
aﬁﬂmyufﬂmmmmmmrmmmmmnfwmmmm
protection requirements ave mat, Duting the subdivision process, it will be nocessary to
demonstrate that these requirements will be et

Aawuduuibudabwehwl,mﬂmthuUpprAquiﬁrluhduwmﬂdma
till confining layer to recharge the pamped Lower Aquifer. Since the Upper Aquifer is vsad for
ﬁwdmmuﬁcmm,hmhmuhdﬂﬁsmlmnfmﬂ
result in poltntion of the Lower Aquifer.

Fnrﬂnmdimmﬁptﬂimlyinmamwinbeﬁwinﬂnmﬁpmﬂc
mﬁnmumuofmwmummﬁ,mmmmm
gnd ultimately to the Lower Aquifer,

Bmﬁmmwmﬁmmmmofﬁmﬁnmmmwiﬁ
groundwater leaknge across the confining layer. It is expected that detectsble concentrations of .
mmmmm&mmmmmﬂ@mmmmm
decades befiors increased niteate lavels sare measorable in. the Lower Aquifer.

W:mmwmnfmywmwhnumnﬁnﬂqﬁfuhubmmmwwnﬂnminm
hﬂnFmVaﬂey,mmﬂndwﬁmmmmmﬁanynﬁmdmhgdym
jmensive agriculture and associsted mamure wastes. Tn discussions with Ministry of Health
MMMMWMWWMhanWﬂMM
Whistler, B.C. that was attributed o septic gystems, Again, the Whistler well is in an mmconfined
aﬂ&tﬂhmsmwpﬁhhmpuﬂnﬁmbyuﬁﬁﬁumﬂmhnﬂmﬁu(agfuﬁlﬁu&

septic systems).
o
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Nitrate data were also reviewed for existing mumicipal wells pumping from similar confined
aquifers in the study area. In Lantzville, there is very litle residential development (i.e. sources
of nitrate) in the vicinity of the pumping wells. Based on multiple samples from six mumicipal
wells, nitrate ranges from 0.4 to 331 mg/L as N ‘with an average of 0.78 mg/L as N. In the
Parksville area, there is generally more residential development in the vicinity of the pumping
wells. Based on multiple samples from 19 wells in the Parksville area, nitrate ranges from
0.0025 to 1.7 mg/L as N, with an average of 0.73 mg/L as N. Many of these wells have beea in
operations for a number for years such that nitrate from surface sources could potentially migrate

across confining layers and into the pumped aquifers.

Based on these results for wells pumping from confined aquifers in the study area, it is
concluded that nitrate is present although generally at levels less than 1.0 mg/L as N {drinking
water guidelines is 10 mg/L as N). Thmedatasuggmtthatsimﬂarni&atclwelsmayrﬁuitinﬂ:e
Lower Aquifer at Block 564 over the long term. Although nitrate is not anticipated to be
problematic for health reasons, it should be monitored routinely (e.g. annually) as part of the
normal maintenance and monitoring of the proposed water system. .

Respectfully submitted,

EBA ENGINEERING CONSULTANTS LTD.
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