March 23, 2018 Reference No. 088877

Mr. Allan Leuschen

Senior Environmental Protection Officer
Authorizations — South

Environmental Protection Division
Ministry of Environment

2080 Labieux Road

Nanaimo, British Columbia V9T 6J9

Dear Mr. Leuschen:

Re: Technical Response to ENV Review (Auth. No.:Pr-10807)
Upland Landfill
Upland Excavating, Campbell River, British Columbia

1. Introduction

GHD has prepared this letter on behalf of Upland Excavating Ltd. (Upland) in response to the Ministry of
Environment & Climate Change Strategy (ENV), February 1, 2018 letter regarding Upland’s Waste
Discharge Application (Application). ENV’s February 1, 2018 letter identifies additional information is
required to address the recommendations listed in Section 5.1 of the Ministry Assessment Review
Memorandum dated January 31, 2018 (Auth. No.:Pr-10807).

Clarifications of the Section 5.1 recommendations were discussed with ENV during meetings held on
February 15 and February 26, 2018. A Technical Work Plan and Schedule (Work Plan) provided a
description of the work to be carried out to address the Section 5.1 recommendations and provide
additional information required by the ENV. The Work Plan was submitted to ENV on March 7, 2018. This
letter has been written to satisfy the tasks outlined in the Work Plan.

1.1 Background

Upland submitted the Application for the proposed Upland Landfill (Landfill) located at the Upland
Excavating Ltd. property at 7295 Gold River Highway, Campbell River, British Columbia (BC) (Site). The
Application was submitted on May 27, 2016 and is filed under Tracking Number 335965 and Authorization
Number 107689.

The technical reports submitted to ENV in support of the Application included:
1. Technical Assessment Report (TAR)

2 2016 Design, Operation, Closure Plan (2016 DOCP)

3. 2017 DOCP

4 Hydrogeology and Hydrology Characterization Report (HHCR) — 2016
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Technical Addendum — Peer Review Response

Patrick Consulting Inc. (PCI) completed a third-party peer review of the updated HHCR - 2017 and
Section 13.0 — Surface Water and Groundwater Impact Assessment of the 2017 DOCP. PCI provided
peer review comments in a letter to GHD dated September 8, 2017. GHD provided the peer review to the
ENV in a letter dated October 5, 2017. The Technical Addendum — Peer Review Response addresses the
recommendations provided in PCI’s peer review. The Technical Addendum was submitted to ENV on
October 20, 2017.

The February 1, 2018 letter indicates ENV is completing their review of the Application Package that
focuses on hydrogeology, groundwater flow, contaminant transport and potential effect on receptors. ENV
concludes from their ongoing review that “consideration should be given to a double base liner system
with leak detection layer between the liners, to allow early detection of any significant leak” and “practical
and implementable contingency measures are required to deal with any significant leak in the base liner.”

1.2 Purpose

The purpose of this letter is to provide the additional information required by ENV and includes technical
responses to the recommendations listed in Section 5.1 of the ENV’s Assessment Review Memorandum.
The sections in this letter, as listed below, satisfy Tasks 1 to 6 of GHD’s work plan.

e Section 1 — Introduction
e Section 2 — Contingency Planning
0 Section 2.1 — Liner Performance Review
0 Section 2.2 — Liner System Leakage Rates
0 Section 2.3 — Trigger Level Assessment Program
0 Section 2.4 — Contingency Measures
e Section 3 — Leak Detection System Design
0 Section 4 — Updated Groundwater Compliance Prediction Model
0 Section 5 — Characterization of the Potential for Groundwater Discharge within 500 metres
0 Section 6 — Closing

0 Section 7 — References

The additional information provided in this letter will be included in an updated DOCP that will be prepared
for the Landfill upon approval of Upland’s Application.
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2. Contingency Planning

This Section describes the contingency planning that has been completed for the Landfill to provide
design and operational protocols that ensure on-going protection of the surrounding environment. The
contingency planning included: review of the Landfill base liner performance, modeling of liner leakage
rates, development of a trigger level assessment program (TLAP) and identification of practical and
implementable contingency measures.

2.1 Liner Performance Review

The Landfill is designed with a composite base liner system that meets the BC Landfill Criteria for
Municipal Solid Waste (Landfill Criteria). The composite liner consists of a 1.5 mil High Density
Polyethylene (HDPE) geomembrane liner and a Geosynthetic Clay Liner (GCL). A leachate collection
system overlays the composite liner and consists of a 0.3 m layer of 60 mm clear stone, perforated
collection piping and geotextile layers.

HDPE geomembranes have very high performance in containing common leachate constituents at
concentrations found in landfill leachate. Geomembranes are an excellent barrier to ionic contaminants
such as chloride and heavy metals, and when used in composite liners, the secondary layer provides
resistance to diffusive transport of vapour phase contaminants (Rowe et al. 2004). The use of HDPE
geomembranes in composite liner systems is an industry standard for all types of landfills, worldwide.

The United States Environmental Protection Agency (USEPA) promotes the use of HDPE geomembranes
in composite liner systems for both hazardous and non-hazardous waste landfills (Resource Conservation
and Recovery Act (RCRA) Subtitle C and Subtitle D regulations) (USOFR, 2006). The Canadian Council
of Ministers of the Environment (CCME) National Guidelines for Hazardous Waste Landfills, 2006
specifies the use of HDPE geomembranes in combination with a clay layer or GCL for the containment of
hazardous wastes due the complimentary properties of the two different liner materials. Many North
American regulatory jurisdictions generically accept the performance life of HDPE membranes in landfill
liner systems as being over 100 years, well beyond the contaminating life span of most landfills.

The Landfill has an estimated operating site life of 25 years. The Contaminating Lifespan (CLS)
Assessment for the landfill as presented in the DOCP, is estimated to be 28 years. The CLS is the period
of time during which the Site could produce leachate contaminants at concentrations that could have an
unacceptable impact if they were discharged from the Site.

Expected Leachate Quality

As discussed in Section 6 of the 2017 DOCP, the Landfill will accept waste to be comprised of select
municipal solid waste, as defined by the Environmental Management Act, and will include the following:

e Construction and demolition waste

e Land clearing debris
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¢ Non-hazardous contaminated soil, as defined by the Hazardous Waste Regulations (HWR)
e Burnash

e Waste asbestos containing materials (ACM), managed according to Section 40 of the HWR

The Landfill leachate is expected to be characteristic of demolition, land clearing and construction (DLC)
waste landfills (C&D landfills). Typically, the most potentially prominent contaminants in the leachate from
C&D landfills are sulphate, arsenic, iron, manganese, and total dissolved solids (TDS). Non-hazardous
contaminated soil may contain a variety of contaminants depending on the source of the waste material.
Common soil contaminants include metals, polycyclic aromatic hydrocarbons (PAHS), volatile organic
compounds (VOCs) and petroleum hydrocarbons (PHCs). The leachability of the contaminants in
non-hazardous contaminated soil is low compared to hazardous waste that may contain elevated
concentrations and potentially include free-product. Contaminated soil must be non-hazardous to be
accepted at the Site, as defined by the HWR. ACM does not affect the quality of the leachate in terms of
impacts from the asbestos material, as asbestos does not have the leachability characteristic that
distinguish hazardous chemicals, identified in the HWR. Once landfilled ACM is an inert material.

HDPE geomembranes are used in landfill applications, especially for bottom liners, because of their
relatively high resistance to aggressive leachate components (Rowe, 2001). However, unlike putrescible
municipal solid waste (MSW), DLC waste consists largely of inorganic components and organic matter
with a low degree of biodegradability. Typical concentration ranges of leachate parameters for DLC
landfills are lower than for MSW (Weber et al., 2002).

Based on accepted waste management practices, and forecasted leachate quality, a composite liner
consisting of an HDPE geomembrane and a GCL is an appropriate base liner for the Landfill.

2.1.1 HDPE Geomembrane Durability

Examinations of both laboratory and field data available in the literature indicate that the projected service
lives of HDPE geomembranes may range depending on the material and exposure conditions. HDPE liner
durability or lifetime is typically described as the material half-life, the time at which design properties have
been reduced to 50%. The ageing process of HDPE geomembranes involves a combination of physical
and chemical ageing that will, over time, eventually lead to material degradation. This sub-section
describes the structure of HDPE and its potential failure mechanisms and reviews the predicted durability
of the HDPE liner system in the context of the Site life and contaminating lifespan of the Landfill.

Structure of HDPE

HDPE is formulated by percentage based on weight 95-98% resin, 2-3% carbon black (colourant) and
0.25 — 1% additives, such as antioxidants and other stabilizers (Rowe and Sangam, 2001). If the
formulation changes (particularly the additives), the predicted lifetime will also change. The typical
structure of a polyethylene consists of linked carbon atoms that are bonded to hydrogen with the
molecular chains folded together to form ordered regions called lamellae (Rowe and Sangam, 2001).
HDPE is defined as a semi-crystalline polymer with partially aligned molecular chains. Some of the
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inherent properties of HDPE depend on its molecular packing structure and therefore, changes at the
molecular level many alter the durability and the overall field performance of the geomembrane
(Tarnowski and Baldauf, 2006).

Failure Mechanisms

HDPE can be degraded to only a limited extent by most inorganic and organic chemicals (Tarnowski and
Baldauf, 2006). Photo and/or thermo-oxidative ageing, depending on the application, is the primary cause
of degradation of the polymer (Tarnowski and Baldauf, 2006). Under covered conditions in medium
temperature and in the absence of UV radiation, oxidation takes place very slowly. The failure
mechanisms that are potentially applicable for buried HDPE geomembranes include:

e Oxidation — is the major mechanisms of degradation in polyethylenes, including HDPE under all
conditions. The polymer chains undergo reactions with oxygen leading eventually to changes in
molecular structure and in morphology.

e Chemical — can occur when one or more components are removed from the material due to long-term
exposure to chemicals or liquids (Rowe and Sangam, 2001). In HDPE geomembranes, the additives
incorporated in the polymer formation may be susceptible to extraction, which would leave the
geomembrane unprotected and susceptible to subsequent oxidative degradation (Koerner et al.,
2005).

e Temperature — the higher the temperature the more rapid the degradation via the oxidation and
chemical mechanisms described above.

e Stress state — typically geomembranes are subjected to vertical compressive stress but actual stress
is site-specific. The presence of tensile stresses less than the short-term mechanical strength of the
material lead to environmental stress cracking (Koerner et al., 2005). The presence of chemicals may
accelerate cracking (Koerner et al., 2005).

Lifetime Stages of HDPE

Hsuan and Koerner (1998) describe that the oxidative degradation of HDPE geomembrane can be divided
into three distinct stages:

e Stage A — Antioxidant depletion time.
e Stage B - Induction Time to the Onset of Degradation.

e Stage C — Time to reach 50% Degradation (Half-life), based on change of the molecular structure
accompanied by a deterioration of the decisive mechanical properties.

The duration of the antioxidant depletion stage (Stage A) is dependent on both the type and amount of
various antioxidants used in the precise formulation of the HDPE, the service temperature and the nature
of the site-specific environment (Rowe and Sangam, 2001). The depletion of anti-oxidants is a
consequence of chemical reactions with oxygen diffusing into the geomembrane and the physical loss of
anti-oxidants from the geomembrane. The physical loss of anti-oxidants is related to their physical
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distribution in the geomembrane and their volatility and extractability in the in-situ environment (Koerner et
al., 2005).

Once anti-oxidants are depleted, the rate of oxidation follows an S-shaped curve: the initial rate of
oxidation is very slow, followed by an accelerated period and then the rate slows again. The initial period
of slow oxidation is referred to as induction time or Stage B (Hsuan and Koerner, 1998). During Stage B
the polymer reacts with oxygen forming hydroperoxide (ROOH), however the amount of ROOH formed is
very small and the compound does not decompose further into other free radicals at this stage. As
oxidation continues and ROOH is being formed, the concentration of ROOH will eventually reach a critical
level at which ROOH begins to decompose into other free radicals. The presence of additional free
radicals causes an increased rate of oxidation, which signifies the end of Stage B.

In Stage C oxidation continues and the polymer begins to degrade with noticeable change in the physical
properties, including decreases in both tensile strength and break strain until the material reaches the limit
of service life (half-life) (Hsuan and Koerner, 1998).

Service Life Estimate

Sangam (2001) examined the service lives of HDPE geomembranes under various exposure condition
scenarios that the geomembranes may be subjected to when used as bottom liners for MSW landfills. For
the typical groundwater temperature range of 7-10°C, Sangam (2001) estimated that the geomembrane
used as a secondary liner will last at least 400 years provided that it has a suitable antioxidant package, is
not subjected to significant tensile stress and is covered by an adequate protection layer. Koerner, Hsuan
and Koerner (2005) used test-derived data and modeling to estimate that the total predicted half-life
(Stages A, B and C) of HDPE is between 446 years at 20°C and 69 years at 40°C. The predicated time of
Stage C was based on Arrhenius modeling and is dependent on the activation energy.

The average annual surface temperature in Campbell River, BC is 9.0°C and ranges from a daily average
of 2.1°C in December to 17.3°C in July (Government of Canada, 2018). Due the nature of the waste,
being DLC and not containing significant volumes of putrescible waste, biological activity will not be
significant, therefore the temperature on the liner is not expected to be elevated. Based on the preceding,
the HDPE geomembrane will be exposed to temperatures below or within the range of 20°C resulting in a
service life well beyond the estimated CLS of the Landfill.

2.2 Liner System Leakage Rates

An intact geomembrane provides an essentially impermeable barrier to liquids, thus leakage of leachate
through the composite liner system is controlled by the number and size of holes that may occur in the
geomembrane. Rowe (2012) describes that in practical situations ensuring no holes exist in the
geomembrane is extremely difficult. Holes may arise from manufacturing defects and/or handling of the
geomembrane during transportation or installation.

As provided in Section 9 of the 2017 DOCP, leachate generation rates were estimated using the
Hydrologic Evaluation Landfill Performance (HELP) model. Three HELP models were developed to
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simulate leachate generation under different cover conditions during Landfill development (daily,
intermediate and final cover conditions). HELP modeling was also used to estimate potential leachate
leakage through the primary liner system. The maximum primary liner leakage rate was determined to be
0.121 m3/year (0.00033 m3/day) with daily and intermediate cover in place over the waste during Stage 1C
of the phased filling plan. The modeling results indicate liner leakage rate drops significantly with the final
cover in place.

Liner leakage modeling provided in the 2017 DOCP was based on good placement quality of the HDPE
liner with two pinholes per hectare and six installation defects per hectare with only a 1% slope. The
Landfill base is designed with a 2% slope, which makes the modeling results for maximum leakage rate
more conservative. In addition, the HELP modeling scenarios did not include the potential for clogging of
the geomembrane pinholes/defects or non-woven geotextiles. Clogging further reduces the permeability of
the individual liner components.

To develop an appropriate TLAP trigger level, primary liner system leakage rates were modeled with
HELP under the scenarios described below.

Scenario 1 — Base Case

Scenario 2 - Partial degradation of the primary HDPE geomembrane equivalent to a poor installation
quality (2 pinholes per and 12 installation defects per hectare)

Scenario 3 - Total degradation of the primary HDPE geomembrane (no geomembrane)

As part of contingency planning, the Landfill liner design has been updated to include a leak detection
system under the primary Landfill liner system, as well as under the leachate treatment pond primary liner
system. The design of the leak detection system is described in Section 3. With the leak detection system
in place, leakage through the primary liner system will be contained by the secondary composite liner. To
complete the failure scenario analysis, Scenario 4 models the leakage rate through the underlying
secondary liner system was modeled with the Scenario 3 primary liner system to assess the maximum
potential leakage to the underlying aquifer,

Table 2.1 below summarizes modeled leakage rates. The HELP modeling summaries are provided in
Attachment A.

Table 2.1 Modelled Leakage Rates

1 - Base Case with Good Quality Installation  0.0058 0.0053 0.0001
2 - Base Case with Poor Quality Installation ~ 0.0367 0.0341 0.0005
3 - Complete failure of Geomembrane 8.2910 7.7746 0.9662
4 - Complete failure of Geomembrane with

underlying Secondary Liner System 0.0018 0.0016 0.0002
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As can be seen from the modeling results the deployment of intermediate cover reduces the leakage rates
while deployment final cover reduces the leakage rate to nearly zero in all cases except for Scenario 3.
The inclusion of the secondary liner system with no primary geomembrane shows a further decrease in
the overall leakage rate. The leakage rate modeling illustrates the inclusion of a secondary liner system is
effective in eliminating leakage to the underlying aquifer.

Table 2.2 provides the daily leakage rates for the Landfill for each of the scenarios, during the period of
highest leachate generation (Stage 1C of Landfill development). Although highly unlikely, the total HDPE
degradation (Scenario 3) was modeled as a worst case scenario by removing the geomembrane and
modeling the performance of the primary liner system with only the GCL. Holding all other model inputs
constant, it is determined that the maximum leachate leakage rate through the primary liner system would
increase to approximately 0.47 m3/day from 0.033 m3/day.

Table 2.2 Leachate leakage through Landfill - (Stage 1C)

Landfill Leakage Rate (m3/yr)

: Daily Cover Intermediate Final Cover Total
Scenario Cover

A=15466m? | A=5744m? A = 21.210 m?

1 - Base Case with Good 0.120

Quality Installation 0.090 0.031 0 (0.33 L/day)

2 - Base Case with Poor 0.763

Quality Installation 0.568 0.196 0 (2.09 L/day)

3 - Complete failure of 172.887
Geomembrane 128.229 44.657 0 (473.66 L/day)
4 - Complete failure of

Geomembrane with 0.036
Secondary Liner System 0.027 0.009 0 (0.10 L/day)

Considering the leakage rate through the primary liner system modeled in Scenario 3 (473.66 L/day or
0.47 m3/day), the maximum volume leakage per quarter equates to 90 days x 0.47 m3/day = 42.3 m3. With
the inclusion of an underlying secondary liner system, the collection of roughly 42 m?3 of leachate per
guarter in the leak detection system may be indicative of failure or breach in the primary HDPE
geomembrane. This rate of leakage would be appropriate as a trigger level for the TLAP.

2.3 Contingency Measures

The liner performance review (Section 2.1), demonstrates that the primary liner system is expected to
have a service life well beyond the estimated CLS of the Landfill. Notwithstanding, a leak detection layer
and secondary composite liner have been added to the design of the Landfill liner system as a practical
and implementable contingency measure. The leak detection layer and secondary composite liner will
serve to contain any leakage that may occur and provide an additional means of monitoring the
performance of the primary liner system.
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The contingency measures developed for the Site include the following design and operational controls:

¢ Include a leak detection system under the primary liner system of the Landfill and under the primary
liner system of the leachate treatment pond. The leak detection system will monitor the performance
of the primary liner system and contain any leakage that may occur. The design of the leak detection
system is provided in Section 3.

e Operate the leachate collection system under dry condition to eliminate leachate head on the primary
liner system to minimize. Leachate levels in the sump will be kept at a level below the crest of the
sump.

o Replace or repair the primary liner system in the leachate treatment pond. If possible, waste may be
exhumed in order to complete repairs to the primary liner. It is however noted that the integrity of each
liner system will be tested at the time of construction prior to acceptance and placement of waste.

e Deploy intermediate or final geomembrane cover over completed/inactive phases of the Landfill in
advance of planned schedule to reduce/eliminate generation of leachate.

The failure scenario HELP modeling shows early deployment of the final cover will reduce leachate
leakage rates to less than the original design, essentially reducing the leachate generation to near zero.

In addition to the leak detection layer and secondary liner system, contingency measures will include a
Trigger Level Assessment Program which will include water quality and leakage rate monitoring.

2.4 Trigger Level Assessment Program

A Site-specific, tiered TLAP has been developed to assess primary liner system leakage rates and water
quality at the Site. The two triggers are:

1. Primary liner leakage of 42 m3 per quarter

2. Downgradient water quality in which contaminant concentrations in the groundwater are above
applicable Contaminated Site Regulation (CSR) Standards.

An environmental monitoring plan (EMP) has been prepared for the Site, and is provided in Section 14 of
the DOCP. The objective of the groundwater monitoring program is to detect, at the earliest opportunity,
the potential for impacts to groundwater associated with landfilling activities. The groundwater monitoring
will provide information regarding the extent and magnitude of potential impacts, identify the need to
mitigate potential environmental risk, and ensure regulatory compliance.

The water quality monitoring component of the EMP includes quarterly monitoring of groundwater, surface
water, and leachate. Treated leachate effluent is sampled on a batch basis.

The on-Site leachate aeration pond will treat the leachate to meet the CSR Drinking Water (DW)
Standards and will infiltrate treated effluent adjacent to the Landfill footprint.
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Trigger level monitoring locations include monitoring locations immediately downgradient of the Landfill
footprint, the infiltration pond, and the downgradient property boundary. Monitoring of the leak detection
system water quality will be added to the EMP.

Trigger level concentrations for water quality at the Site will be based on the applicable water quality
standards that are protective of the downgradient environment. The CSR DW Standards apply at the
downgradient (south and east) Site boundary. The CSR Aquatic Life (AW) Standards apply further
downgradient of the Site boundary, 500 m upgradient of the nearest potential aquatic receptor as
illustrated on Figure 2.0 of the Technical Addendum (GHD, October 2017).

Site-specific trigger parameters will be developed once samples of Site-specific leachate quality have
been collected and the key leachate indicator parameters are identified. Specific trigger parameters will
consist of leachate indicator parameters, with established water quality standards, that are present in
leachate at concentrations greater than background.

The TLAP will follow a three tiered approach to monitor, identify, and implement contingency or remedial
actions. The three tiers for monitoring of the primary liner system leakage rates and water quality at the
Site are described below

2.4.1 Trigger: Primary Liner Leakage Rate
Tier | — Routine Leakage Rate Monitoring

Regular leak detection system monitoring will form part of the Tier | TLAP. If leakage rates are detected to
be increasing over time or if a single monitoring event detects leachate leakage rates above the action
level of 42 m® per quarter, Tier Il monitoring and investigations will be initiated.

Tier Il — Increased Monitoring and Investigation

Monitoring of primary liner leakage rates will be increased to monthly. Investigations will be carried out to
determine where the primary liner system leakage is occurring. Dedicated lysimeters in the leak detection
system drainage layer will be used to determine where leakage is occurring. Assessment of the ability to
repair the geomembrane will be carried out. If leakage rate continues to increase implementation of Tier IlI
contingency measures will be triggered.

Tier Ill — Contingency Measures and Confirmatory Monitoring

Operate the leachate collection system under dry conditions to reduce leakage through the primary liner
system. Prepare an intermediate/final cover deployment plan. The design of the cover deployment plan
will be dependent on the stage of development of the Landfill and the location of the primary liner system
leakage. Proceed with early deployment of intermediate and/or final cover. Confirmatory leakage rate will
continue on a monthly basis until steady state conditions are again achieved.
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2.4.2 Trigger: Water Quality
Tier | — Routine monitoring

Routine groundwater quality and leachate monitoring will be conducted quarterly following the schedule
and analytical parameter list in the EMP. The routine EMP schedule forms the basis of Tier | monitoring.
Tier | trigger levels include

e Concentrations of leachate indicator parameters in groundwater greater than the applicable CSR DW
standards adjacent to the Landfill or leachate treatment pond

e Groundwater concentrations greater than the applicable CSR AW standards at the downgradient Site
boundary

Tier Il — Confirmatory sampling and further investigation

If during a single monitoring event, two or more leachate indicator parameter concentrations exceed the
established trigger concentrations at a single trigger monitoring location, the Tier Il confirmation
monitoring program will be implemented. The Tier Il confirmation monitoring will consist of resampling the
monitoring location under increased frequency. If the presence of water quality impacts are confirmed
above the trigger level concentration, an evaluation of the degree, nature, and potential source(s) of the
exceedance will be undertaken leading Tier Il of the TLAP. Increased monitoring frequency will continue
at the appropriate locations.

Tier lll — Contingency remedial measures and compliance monitoring

Under Tier Ill, an implementation plan for the deployment of specific contingency measures and
compliance monitoring will be developed. The purpose of compliance monitoring will be to assess and
evaluate the effectiveness of the contingency measure(s) implemented. A specific compliance monitoring
program cannot be detailed in the TLAP as the extent and type of future groundwater quality impacts, if
any, are unknown. The TLAP will provide description of the action levels and scenarios for which the
contingency measures outlined in the Contingency Plan will be deployed.

3. Leak Detection System Design

As part of the contingency plan, a leak detection system will be installed beneath the primary liner system,
and the leachate treatment pond (aeration pond). The leak detection system will address the potential
concerns for increased leakage through the primary liner system and will provide for implementing
additional contingency measures, as required, to minimize the risk for leachate impacts to the receiving
environment. Figure 1 provides cross sections of the Landfill including the aeration pond to illustrate the
leak detection system. Conceptual design details are provided on Figure 2.

The leak detection system will underlie the GCL layer of the primary composite liner system and will
comprise a drainage layer (sand) with leak collection piping, a secondary HDPE geomembrane and a
secondary GCL. Detail 1 (Figure 2) illustrates the base liner and leak detection system in cross-section.
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Any leakage below the primary composite liner system will propagate through the leak-detection drainage
layer and the potential presence of leachate will be detected through routine leak-detection monitoring.
Lysimeters will be installed on the east and west sides of the Landfill at three locations on each side to
detect the presence and approximate location of a potential leak. A perforated pipe will be installed
north-south across the Landfill to convey potential leachate captured by the leak detection drainage layer
to the sump (Detail 2).

The base of the south end of the Landfill will be constructed on the Landfill side slope (Detail 3). The side
slope has a grade of 2H:1V. As no leachate head will develop on the side slope, the GCL layers in the
primary and secondary liner systems will terminate 1.0 m above the Landfill floor. The primary and
secondary geomembranes will extend to the top of slope and terminate in an anchor trench. The primary
and secondary drainage layers on the side slope will consist of a synthetic drainage blanket with
geotextile on both sides. A heavy non-woven geotextile will be placed directly on the graded side slope
wall to protect the secondary geomembrane.

Detail 4 presents the leak detection system under the primary composite liner of the aeration pond. Due to
the smaller size of the pond compared to the Landfill, aeration pond leak detection monitoring will be at a
single location.

4. Updated Groundwater Compliance Prediction Modeling

The following Section provides an updated assessment of the groundwater compliance prediction model
previously presented in Section 13 of the 2017 DOCP and updated in the Technical Addendum — Peer
Review. The objective of the updated assessment is to determine an expected range of downgradient
groundwater quality that is inclusive of seasonal variability.

The updated model presents a base case which is used to model seasonal variability. The dry and wet
season scenarios hold the leachate leakage rate and contaminant mass loading to the sand and gravel
aquifer constant and vary upgradient flux and downgradient infiltration rates to demonstrate the function of
the primary liner system under varying hydrogeologic/seasonal conditions. In order to forecast
groundwater compliance under a primary liner failure, the model includes a scenario that incorporates the
leak detection system described in Section 3.

Section 4.1 includes a description of the inputs for each modeled scenario including: varying upgradient
flux, infiltration of downgradient precipitation and Landfill runoff, and leachate leakage rates. Section 4.2
provides a description of the four scenarios that have been modeled: primary liner failure, base case, dry
season, and wet season. A comparison and discussion of the results of the four scenarios are provided in
Section 4.3.
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4.1 Description of Input Variability
Upgradient Flux

Maximum and minimum groundwater flux values have been calculated using groundwater elevation data
collected between September 2015 and November 2017.Seasonal changes in precipitation are
anticipated to be reflected in changing groundwater elevations. It is expected that, in general, groundwater
elevations will rise and fall uniformly across the Site with the seasons so that, while the saturated
thickness may change, the average hydraulic gradient across the Site should remain generally consistent.

To date, groundwater monitoring at the Site has been completed during January, March, April,
September, October, and November (between 2015 and 2017). Hydraulic gradients for these periods
range from 0.026 to 0.031 m/m with an average of 0.028 m/m. Groundwater elevations at MW3-14 have
varied from 155.30 to 157.25 metres above mean sea level (MAMSL) over the same time period which
corresponds to a range of saturated thickness of 4.45 to 6.42 m in the sand and gravel aquifer (November
27, 2017 and January 25, 2016).

Utilizing Darcy’s flow equation, an estimate of groundwater flux (or groundwater flow through the
cross-section area perpendicular to groundwater flow beneath the Landfill) can be made using the
hydraulic conductivity (estimated from single well response testing), maximum and minimum hydraulic
gradient, and saturated thicknesses measured at the Site.

Groundwater flux (Q) = K x i x b x W

Where

K = Hydraulic conductivity - As per ENV’s recommendation, the hydraulic conductivity value for the
shallow aquifer has been rounded up to 2 x 10-2cm/sec

i = Horizontal hydraulic gradient

b = Saturated thickness of the shallow aquifer

W = Diagonal width across Landfill perpendicular to groundwater flow, equal to 250 m as presented in

the DOCP

Previous upgradient groundwater flux estimates have included a £10% to account for variation and
uncertainty in the model. The scenarios included in this updated model account for changing/variable
conditions due to seasonal fluctuations in groundwater flow. As such, the 10% variation has not been
included here.

The range in hydraulic gradients and saturated thicknesses with the rounded hydraulic conductivity results
in flux estimate ranging from approximately 500 to 865 m3/day with an average value of approximately
640 m3/day.

088877Leuschen-18-Master Draft 13



Downgradient Infiltration

In addition to influencing the flux into the Landfill footprint area, periods of lower or higher precipitation
result in changing volumes of infiltration downgradient of the Site, and changes in volumes of runoff and
lateral drainage from the Landfill surface. Low precipitation will result in a lower volume of non-impacted
water available to dilute potential Landfill-derived impacts downgradient of the Landfill. Periods of high
precipitation will have the opposite effect.

Based on the HELP modelling completed for the DOCP, an average of 225 m3/day of water will infiltrate
into the subsurface as a result of downgradient precipitation and 3.5 m3/day will infiltrate as a result of
run-off from the Landfill surface. HELP modelling uses local climate data that accounts for seasonal
variation in precipitation. To demonstrate the influence of seasonality on downgradient groundwater
quality, the groundwater compliance model has been updated to include scenarios based on precipitation
values from the dry and wet seasons. Based on Environment Canada’s Climate Normals at the Campbell
River Airport (Climate ID: 1021261) (1981-2010), November is typically the wettest month with
approximately 232 mm of precipitation over the course of the month (on average - 7.5 mm/day).
Alternately, July is the driest month with approximately 39 mm of precipitation throughout the month
(average - 1.3 mm/day). This results in infiltration of runoff from the Landfill surface and lateral drainage
ranging from 1.0 to 6.6 m3/day for the dry and wet seasons, respectively, and downgradient infiltration
rates of 69 and 432 m3/day for the dry and wet seasons, respectively.

Leachate and Treated Effluent Concentrations

The 2017 DOCP provided a Site-specific conceptual leachate quality forecast (Section 9.5 and 9.6) and
treated leachate effluent concentrations (Section 9.8). The DOCP included anticipated maximum and
minimum concentrations of leachate and treated leachate effluent quality. In order to account for potential
variability in leachate and effluent quality, the groundwater compliance scenarios include maximum,
minimum and average values.

Leachate Leakage

As discussed in Section 2.2 leachate generation rates were modelled using HELP and local climate data.
The model outputs rates of leachate generated under daily, intermediate and final cover and the
corresponding leachate leakage through the primary liner system.

The worst-case scenario for potential groundwater impacts occurs when maximum leachate generation
and corresponding leachate leakage is greatest. The maximum leachate generation occurs during Stage
1C of the Landfill development plan. Leachate generation during Stage 1C is estimated to be

24,633 m3/year (67 m3/day). Of the total annual leachate generated, 0.121 m3/year (0.33 L/day) may
potentially leak through the primary liner system.

To estimate potential groundwater impacts in the unlikely event of liner failure, the model has been
updated to include a scenario where the HDPE geomembrane within the primary liner system has failed
as summarized in Section 2.2. As a worst case scenario, it is assumed that primary liner failure occurs
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when leachate generation is greatest (Stage 1C). This results in leachate leakage rate through the primary
liner system of approximately 173 m3/year or 474 L/day. Under this failure scenario, leachate will enter the
leak detection system drainage layer. The leakage rate through the secondary liner system below the leak
detection system drainage layer is modeled to be 0.036 m3/year or 0.10 L/day.

Treated Leachate Effluent Infiltration

To estimate the volume of leachate that needs to be collected and treated, the DOCP assumes that all
leachate generated will be collected and treated, as losses that occur from landfill saturation and landfill
base liner leakage are negligible. Based on this assumption, the maximum average daily rate of treated
leachate effluent is 67 m3/day. Treated effluent will infiltrate into the sand and gravel aquifer via the
infiltration pond and can thus potentially affect groundwater quality. This conservative infiltration value will
be carried throughout the modeling scenarios.

Regulatory Standards

Consistent with previous assessments of the downgradient groundwater compliance, the CSR DW and
AW Standards have been used. However, it should be noted that the CSR Standards were revised on

November 2017. CSR DW and AW Standards are now found in Schedule 3.2 of the CSR. The revised
CSR Standards have been used in the updated modeling scenarios.

4.2 Scenarios

Four scenarios have been developed for comparative analysis using the variable inputs described above.
Each scenario utilizes the same mass balance approach presented in the Section 13 of DOCP as well as
the Technical Addendum letter dated October 20, 2017. The four scenarios have been developed to
provide a range in the forecasted groundwater quality to account for variability in the inputs to the model
(described above) as well as uncertainty in the model. The four scenarios are described below:

Scenario 1 — Primary Liner Failure

Scenario 1 uses a combination of inputs that represent the failure of the primary HDPE geomembrane
liner, while the secondary liner system remains intact. The following conservative assumptions were
made:

e Modeled secondary liner system leakage rate (0.1 L/day)

e Minimized dilution based on lowest upgradient flux and downgradient infiltration with dry season
precipitation

e Maximizing leachate and treated leachate effluent concentrations

e Leachate leakage rate associated with complete failure of primary liner with the leak detection system
(see Section 2.2)
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Minimizing dilution while maximizing mass loading from the Landfill and treated effluent infiltration
provides a scenario of the largest anticipated contaminant mass loading to the sand and gravel aquifer
and represents maximum groundwater quality degradation while including the leak detection system.

Scenario 2 — Base Case

Scenario 2 uses conservative inputs that represent the downgradient groundwater quality based on
operating the Landfill under average conditions with the primary liner system only (i.e. without the
underlying leak detection system or secondary liner system). Average groundwater flux into the Landfill
footprint area has been used in combination with the average downgradient infiltration and infiltration of
runoff modelled using precipitation data and HELP software. Scenario 2 uses:

e Modeled base-case leachate leakage rate (0.33 L/day)
e Average upgradient flux

e Maximizing leachate and treated leachate effluent concentrations (provides a conservative estimate of
leachate and effluent strength)

e Primary composite liner only, secondary liner not considered
Scenario 3 — Dry Season

Scenario 3 uses a combination of inputs to represent dry seasons or periods when precipitation is lower
than average. The Scenario 3 inputs are:

e Modeled base-case leachate leakage rate (0.33 L/day)

e  Minimum groundwater flux (calculated from measured depth to water levels) into the Landfill footprint
area and dry season downgradient infiltration and infiltration of runoff have been used.

e Maximizing leachate and treated leachate effluent concentrations (provides a conservative estimate of
leachate and effluent strength)

e As with Scenario 2, this scenario does not consider the secondary liner system.
Scenario 4 — Wet Season

Scenario 4 represents the wet season or periods when precipitation is larger than average. Scenario 4
uses a combination of inputs to represent periods of maximum dilution of Landfill-related groundwater
quality impacts. The inputs for this scenario are:

e Modeled base-case leachate leakage rate (0.33 L/day)

e Maximum groundwater flux into the Landfill footprint area (calculated from measured depth to water
levels) and dry season downgradient infiltration and infiltration of runoff have been used.

¢ Maximizing leachate and treated leachate effluent concentrations (provides a conservative estimate of
leachate and effluent strength)
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e Secondary composite liner (leak detection system) was not considered in the modeling of this
scenario.

4.3 Results

Forecasted groundwater concentrations for each of the four scenarios, assessed against the CSR DW
and AW standards, are provided in the tables in Attachment B. The results are discussed below.

Comparison

The following Table 4.1 provides a comparison of key leachate indicator parameter concentrations at the
downgradient Site boundary for each scenario. The key parameters are expected to demonstrate the most
significant changes in groundwater quality as a result of potential leachate impacts and provide a good
point of comparison between the various forecasted scenarios.

Table 4.1 Summary of Groundwater Compliance Results for Key Parameters

Parameter Average CSR Standards Scenario 1 Scenario 2 Scenario 3 Scenario 4

(mg/L) Pre-Landfilling | pw / aw Liner Failure | Base Case Dry Season | Wet Season
Concentrations

Alkalinity 54.7 - - 75.1 68.7 75.1 64.3

Chloride 4.15 250 1500 29.82 21.76 29.82 16.23

Hardness 60 - - 315 235 315 180

Iron 0.056 6.5 - 0.73 0.52 0.73 0.37

(dissolved)

Manganese 0.03 1.5 - 0.084 0.067 0.084 0.056

(dissolved)

Sulphate 5.72 500 2180 — 57.32 41.12 57.32 30.01

4290 *
TDS 31 - - 550 387 550 275

* Limit varies with Hardness. Ranges are calculated using average pre-landfilling and final predicted concentrations

As shown in tables in Attachment B, groundwater concentrations are forecasted to meet their respective
CSR AW and DW standards at the Site boundary under each scenario. The results for Scenarios 1 and 3
are essentially the same because the leachate leakage rate is the only difference between the two
scenarios and the leachate leakage rate introduces a relatively minor amount of mass compared to the
infiltration of the treated leachate effluent.

Conclusion

Based on the results presented above, the predicted groundwater quality at the downgradient Site
boundary demonstrates some minor variability in response to changes in model inputs related to seasonal
conditions or liner system design and performance. Notwithstanding the variability, the predicted
groundwater quality at the downgradient Site boundary meets all applicable CSR AW and DW standards
under all scenarios modeled.
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5. Characterization of the Potential for Groundwater Discharge
within 500 metres

ENV’s Protocol 21 for Contaminated Sites — Water Use Determination, effective November 1, 2017
(Protocol 21) states the following:

“Aquatic life water use applies to all groundwater located within 500 metres of an aquatic receiving
environment unless it can be demonstrated that the groundwater does not flow to that receiving
environment (e.g., groundwater in confined aquifers below shallow ponds or creeks).”

Protocol 21 also states the following:

“Aquatic life water use applies to groundwater located beyond 500 metres of an aquatic receiving
environment if the groundwater contains substances with concentrations above the aquatic life water
use standards and has the potential to migrate within 500 metres of the aquatic receiving
environment. Examples include groundwater plumes that cross or continue to migrate towards the
500 metre setback boundary or plumes that are conveyed along preferential flow pathways such as
buried creek channels or underground utility corridors.”

Aquatic Receptor Assessment

Current Environmental initially completed a ground level assessment for potential aquatic receptors in
April 2017. To verify the understanding of potential surface water and groundwater connectivity, Current
Environmental conducted a confirmatory assessment and prepared a full inventory and characterization of
surface water receptors that are located within or in the vicinity of the lands within 500 m of the Site’s
south and east property boundary. Prior to completing the field work portion of the assessment, Current
Environmental completed a review of available resources which included.

Ministry of Environment (ENV) Fisheries Information Database Query (FIDQ) database;
Fisheries and Oceans Canada (DFO) Mapster v3;

BC Geographic Warehouse iMapBC;

ENV Habitat Wizard,;

City of Campbell River Interactive Webmap;

Sensitive Habitat Inventory and Mapping;

BC Conservation Data Center (CDC) Species and Ecosystem Explorer;

© N o o0 A~ w bdh P

Aerial imagery of the AOI.

Current Environmental completed initial field survey on April 5 and 6, 2017 and a follow up confirmatory
survey on March 15, 2018. The objectives of the follow up survey was to confirm previous field
observations, identify any alterations to drainages within the subject area and to ascertain the presence
of, if any, aquatic receptors within 100 m downgradient of the 500 m subject area. The results of the
aquatic receptor assessment showed that other than the two aquatic receptors located in an elevated
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position to the southwest of the Site (presented and discussed in the Technical Addendum — Peer review)
there are no other habitats with the potential to provide aquatic life water use noted within the subject
area. The Current Environmental report dated March 16, 2018 is provided in Attachment C.

Groundwater Discharge

GHD has previously concluded that Site groundwater is not hydraulically connected to the wetland area
and two streams identified by Current Environmental southwest and that groundwater does not daylight
within 500 m of the southern and eastern Site property boundary. Topographic data (1:20,000) accessed
on the British Columbia (BC) Water Resources Atlas (February 21, 2018), shows that the surface water
features identified by Current Environmental south west of the Site are located between contour lines

200 m and 240 m AMSL. Based on groundwater level data collected to date, the Site groundwater
elevations range from 176 m (upgradient) to 150 m (downgradient) AMSL and groundwater flow is in a
northwest to southeast direction. The difference in elevation between surface water and Site groundwater
suggests that groundwater cannot recharge the surface water features identified by Current
Environmental since these surface water features are located cross-gradient and at higher elevations than
the groundwater on Site.

The ground surface elevation for lands located within 500 m south and east of the Site are between
elevations 150 to 180 m AMSL (Google Earth). The lowest point, being approximately 150 m AMSL is
located directly southeast of the Site.

The lowest ground surface elevation 500 m downgradient of the Site (150 m AMSL) and the groundwater
elevation at the Site boundary (150 m AMSL) indicates that groundwater will not discharge to any surface
water receptor with 500 m of the Site when considering any reasonable gradient within the aquifer. GHD
has updated the conceptual site model to better illustrate the groundwater regime within 500 m of the Site.
The conceptual site model groundwater will discharge to the Quinsam river channel at approximately
elevation 75 m AMSL at a distance of 3800 m downgradient of the Site boundary. The conceptual site
model is shown on Figures 3 and 4.

CSR Aquatic Life Standards.

Figure 2 of the Technical Addendum — Peer review (GHD 2017) presents mapping of local surface water
features from the Department of Natural Resources Canada. A 500 m setback boundary from the nearest
downgradient surface water features is illustrated on Figure 2. As shown on Figure 2, the Site is located at
distances greater than 500 m upgradient from all mapped surface watercourses as confirmed by Current
Environmental aquatic receptor assessment. Therefore, the groundwater at the Site boundary is not within
500 m of an aquatic receiving environment.

GHD updated the groundwater quality assessment for the Site using the updated sand and gravel aquifer
properties provided in the Technical Addendum. The updated groundwater quality assessment included
altering the characteristics of the sand and gravel aquifer for seasonal effects as described in Section 4 of
this letter. The updated groundwater quality assessment demonstrates that groundwater discharging from
the Site does not contain substances at concentrations above the CSR AW Standards. Based on the
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results of groundwater quality assessment, the updated aquatic receptor assessment and the application
of Protocol 21, the CSR AW Standards would not apply to groundwater quality at the Site boundary.

6. Closing

The information included in this letter has been prepared in accordance with the March 7, 2018 work plan
provided to ENV. The Site inspections, design and assessments have been prepared to provide the
additional information required as outlined in ENV’s January 31st 2018 correspondence.

Contingency planning for the Landfill provides additional design and operational protocols that will provide
for further protection of the surrounding environment. The contingency planning includes a Landfill base
liner performance review, modeling of liner failure scenarios, development of a trigger level assessment
program and identification of practical and implementable contingency measures.

The TLAP will be implemented for both liner leakage rates and groundwater quality adjacent to the Landfill
footprint, treated leachate infiltration pond and downgradient at the Site boundary detect at the earliest
opportunity the potential for impacts to groundwater associated with Landfilling activities. The TLAP will
provide information regarding the extent and magnitude of potential impacts, identify the need to mitigate
potential environmental risk, and ensure regulatory compliance.

The contingency measures include the addition of a leak detection system to reduce the potential for
leakage to the underlying aquifer and early placement of final cover to eliminate leakage potential.

Modeling of the seasonal effects to the aquifer indicates the groundwater quality standards at the
downgradient property boundary will be met during both wet and dry seasons.

The updated aquatic receptor assessment confirms no aquatic receptors located within 500 m
downgradient of the Site, groundwater does not discharge within 500 m of the Site and that the
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groundwater standards protective of aquatic life will be met 500 m upgradient of any aquatic receptor in
accordance with Protocol 21.

Sincerely,

GHD

(Mo

Roxanne Hasior, B.A.Sc.

(U

Allan Molenhuis, B.Sc.

‘9 1 1 VA (”"g— A At

Gregory D. Fetraro, P.Eng.

Steve Harris P.Eng, M.Sc

RH/sz/18
Encl.
cc: Terry Stuart — Upland Excavating Ltd.

Mark Stuart — Upland Excavating Ltd.
Brian Fagan — Upland Excavating Ltd.
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HELP Outputs
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**x **
*x HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE *x
*x HELP MODEL VERSION 3.07 (1 NOVEMBER 1997) *x
** DEVELOPED BY ENVIRONMENTAL LABORATORY el
** USAE WATERWAYS EXPERIMENT STATION el
** FOR USEPA RISK REDUCTION ENGINEERING LABORATORY el
*x **
**x **
KAEAAEIXAAAAAAAA A AKX AKX AAXAAAIAEATEAAEITAAAAAAAAXAXAAAAAAITAAIAAAAAAAXAAXAAAAAAAAXAAAAXAAAAAAAAAXAKAK
KAEAAEIXEAAEAAAAAAXAAXA AKX AAXAAAIAEITEAAEITAAAAXAAAAXAAXAAAXAAITAEAAXAAAAAAXAAXAAAAAXXAAXAAAAAAAAAAAAAXNKAK
PRECIPITATION DATA FILE: C:\HELP3\88877PD.D4

TEMPERATURE DATA FILE: C:\HELP3\88877TD.D7

SOLAR RADIATION DATA FILE: C:\HELP3\88877SRD.D13

EVAPOTRANSPIRATION DATA: C:\HELP3\88877ETD.D11

SOIL AND DESIGN DATA FILE: C:\HELP3\88877DF6.D10

OUTPUT DATA FILE: C:\HELP3\88877DF6.0UT

TIME: 17:16 DATE: 3/20/2018

R R T R R R e R R R R e R R R R R AR AR AR AR AR AR AR R R AR R R AR AR R AR R AR AR R R R R AR R AR R R R AR R R R e R e R R R R e R R R R R AR AR R e

TITLE: Upland Landfill - Daily Cover HDPE Failure, Secondary Liner

R R R R e R R R R e R R R R AR AR AR AR SR AR AR R R R R R AR R AR R AR AR AR AR R AR R R R AR R R R R AR R R R R R R AR AR AR AR R R AR R R R R AR AR R R A

NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE
COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM.

LAYER 1

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 2

10.00 CM

0.4370 VOL/VOL

0.0620 VOL/VOL

0.0240 VOL/VOL

0.1434 VvVOL/VOL

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT



EFFECTIVE SAT. HYD. COND. = 0.579999993000E-02 CM/SEC

LAYER 2

TYPE 3 - BARRIER SOIL LINER
MATERIAL TEXTURE NUMBER 2

5.00 CM

0.4370 VOL/VOL

0.0620 VOL/VOL

0.0240 VvVOL/VOL

0.4370 VOL/VOL
0.579999993000E-02 CM/SEC

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

LAYER 3

TYPE 1 - VERTICAL PERCOLATION LAYER

MATERIAL TEXTURE NUMBER 18
2400.00 CM

0.6710 VOL/VOL

0.2920 VOL/VOL

0.0770 VOL/VOL

0.3171 vOL/VOL
0.100000005000E-02 CM/SEC

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

TYPE 4 - FLEXIBLE MEMBRANE LINER
MATERIAL TEXTURE NUMBER 20
0.50 CM
0.0000 VOL/VOL
0.0000 VOL/VOL
0.0000 VOL/VOL
0.0000 VOL/VOL
10.0000000000 CM/SEC
2.00 HOLES/HECTARE
6.00 HOLES/HECTARE
3 - GOOD

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.
FML PINHOLE DENSITY

FML INSTALLATION DEFECTS
FML PLACEMENT QUALITY

LAYER 5



TYPE 2 - LATERAL DRAINAGE LAYER
MATERIAL TEXTURE NUMBER 21
30.00 CM
0.3970 VOL/VOL
0.0320 VOL/VOL
0.0130 VvOL/VOL
0.0389 VOL/VOL
0.300000012000
1.00 PERCENT
80.0 METERS

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.
SLOPE

DRAINAGE LENGTH

LAYER 6

TYPE 3 - BARRIER SOIL LINER
MATERIAL TEXTURE NUMBER 17
0.60 CM
0.7500 VOL/VOL
0.7470 VOL/VOL
0.4000 VOL/VOL
0.7500 VOL/VOL
0.300000003000E-08

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

LAYER 7

TYPE 2 - LATERAL DRAINAGE LAYER
MATERIAL TEXTURE NUMBER 2
30.00 CM
0.4370 VOL/VOL
0.0620 VOL/VOL
0.0240 VvOL/VOL
0.0700 VOL/VOL
0.579999993000E-02
2.00  PERCENT
150.0 METERS

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.
SLOPE

DRAINAGE LENGTH

TYPE 4 - FLEXIBLE MEMBRANE LINER
MATERIAL TEXTURE NUMBER 35
THICKNESS = 0.15 CM

CM/SEC

CM/SEC

CM/SEC



POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.
FML PINHOLE DENSITY

FML INSTALLATION DEFECTS
FML PLACEMENT QUALITY

0.0000 VOL/VOL

0.0000 VOL/VOL

0.0000 VOL/VOL

0.0000 VOL/VOL
0.199999996000E-12 CM/SEC

2.00 HOLES/HECTARE

6.00 HOLES/HECTARE
3 - GOOD

LAYER 9

TYPE 3 - BARRIER SOIL LINER
MATERIAL TEXTURE NUMBER 17

0.60 CM

0.7500 VOL/VOL

0.7470 VOL/VOL

0.4000 VOL/VOL

0.7500 VOL/VOL
0.300000003000E-08 CM/SEC

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

GENERAL DESIGN AND EVAPORATIVE ZONE DATA

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT
SOIL DATA BASE USING SOIL TEXTURE # 2 WITH BARE
GROUND CONDITIONS, A SURFACE SLOPE OF 10.% AND
A SLOPE LENGTH OF  35. METERS.

SCS RUNOFF CURVE NUMBER
FRACTION OF AREA ALLOWING RUNOFF
AREA PROJECTED ON HORIZONTAL PLANE

81.70
100.0 PERCENT
1.0000 HECTARES

EVAPORATIVE ZONE DEPTH = 10.0 CM
INITIAL WATER IN EVAPORATIVE ZONE = 1.434 CM
UPPER LIMIT OF EVAPORATIVE STORAGE = 4.370 CM
LOWER LIMIT OF EVAPORATIVE STORAGE = 0.240 CM
INITIAL SNOW WATER = 0.000 CM
INITIAL WATER IN LAYER MATERIALS = 768.778 CM
TOTAL INITIAL WATER = 768.778 CM
TOTAL SUBSURFACE INFLOW = 0.00 MM/YR

EVAPOTRANSPIRATION AND WEATHER DATA



NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM
Campbell River British Columbia

STATION LATITUDE 49 .95 DEGREES

MAXIMUM LEAF AREA INDEX = 0.00
START OF GROWING SEASON (JULIAN DATE) = 91

END OF GROWING SEASON (JULIAN DATE) = 305
EVAPORATIVE ZONE DEPTH = 10.0 CM
AVERAGE ANNUAL WIND SPEED = 8.00 KPH
AVERAGE 1ST QUARTER RELATIVE HUMIDITY = 84.10 %
AVERAGE 2ND QUARTER RELATIVE HUMIDITY = 72.47 %
AVERAGE 3RD QUARTER RELATIVE HUMIDITY = 71.95 %
AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 87.08 %

NOTE: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR OLYMPIA WASHINGTON

NORMAL MEAN MONTHLY PRECIPITATION (MM)

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
217.5 149.5 140.0 92.1 68.4 62.9
39.4 44.6 55.2 162.2 231.9 225.7

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR OLYMPIA WASHINGTON

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES CELSIUS)

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
2.4 3.2 5.2 8.0 11.6 14.7
17.3 17.2 13.7 8.6 4.4 2.1

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR OLYMPIA WASHINGTON
AND STATION LATITUDE = 49.95 DEGREES

AEEAEETAEAAEAAAETAEAAEAAA A A A AAAAXAAAAXAAAXAAAAAAAAAAXAAXAAXAAAAAXAAXAAAAAXAAXAAAAAXAAXAAAAAAAAAXLX

AVERAGE MONTHLY VALUES (MM) FOR YEARS 1 THROUGH 100



PRECIPITATION
TOTALS 216.01 144 .89
37.45 39.26
STD. DEVIATIONS 63.32 48.38
28.36 30.28
RUNOFF
TOTALS 34.035 26.786
0.335 0.489
STD. DEVIATIONS 67.175 67.695
1.002 2.820
EVAPOTRANSP IRATION
TOTALS 7.270 10.909
19.103 18.345
STD. DEVIATIONS 2.877 4.501

13.384 13.132

PERCOLATION/LEAKAGE THROUGH LAYER 2

TOTALS 184.9617 124.8822
20.0543 19.7217

STD. DEVIATIONS 82.3606 64.2705
18.4242 18.2704

PERCOLATION/LEAKAGE THROUGH LAYER 4

TOTALS 69.2439 87.4646
116.7813 105.4236

STD. DEVIATIONS 25.0072 31.9981
18.7912 16.9541

LATERAL DRAINAGE COLLECTED FROM LAYER 5

TOTALS 65.1089 84.2772
117.0968 106.9451

STD. DEVIATIONS 24.4978 28.8200
18.4311 17.3214

PERCOLATION/LEAKAGE THROUGH LAYER 6
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TOTALS 0.5145 0.6352

STD. DEVIATIONS 0.1633 0.1923

LATERAL DRAINAGE COLLECTED FROM LAYER 7

TOTALS 0.6456 0.5848

STD. DEVIATIONS 0.0759 0.0686

TOTALS 0.0001 0.0001

STD. DEVIATIONS 0.0000 0.0000

.7635
.6561

.2021
.1058

.6505
.7290

.0741
.0717

.0001
.0002

.0000
.0000

-8985
.4842

.2131
-1124

.6482
.7374

-0698
.0725

-0001
-0002

-0000
-0000

-0008
-3667

-1940
-0999

.7019
-6806

.0734
-0683

-0001
-0001

-0000
-0000

-9006
.4165

.1553
.1135

.7062
.6708

.0730
.0676

.0001
.0001

.0000
.0000

AVERAGES 3.2417 4.6031

STD. DEVIATIONS 1.2197 1.5665

O

O r

.1128
.0312

.0476
.0240

.1130
.0931

.0354
.0187

.1011
.4624

-5093
.8167

-0588
-1313

-0312
-0619

-1417
-0583

-0362
.0175

-3327
-0159

.6442
-8394

-0295
-1855

.0224
-0683

.1474
-0487

-0310
.0170

.8734
.2292

.4484
.7706

.0299
1773

.0239
.0707

.1339
.0588

.0245
.0209

.3493
.5105

.1986
.8475



DAILY AVERAGE HEAD ON TOP OF LAYER 8

1.5497 1.5711
1.8236 1.8193

AVERAGES 1.5592
1.8021
STD. DEVIATIONS 0.1833
0.1812

0.1783 0.1788
0.1807 0.1789

1.6177
1.7809

0.1742
0.1751

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS

PRECIPITATION
RUNOFF
EVAPOTRANSP IRATION

PERCOLAT ION/LEAKAGE THROUGH
LAYER 2

AVERAGE HEAD ON TOP
OF LAYER 2

PERCOLAT ION/LEAKAGE THROUGH
LAYER 4

AVERAGE HEAD ON TOP
OF LAYER 4

LATERAL DRAINAGE COLLECTED
FROM LAYER 5

PERCOLAT ION/LEAKAGE THROUGH
LAYER 6

AVERAGE HEAD ON TOP
OF LAYER 6

LATERAL DRAINAGE COLLECTED
FROM LAYER 7

PERCOLAT ION/LEAKAGE THROUGH
LAYER 9

1109

1101

46.

-931
.217

-55688

1923 (

-98572

.007 (

-48511

-29104

562 (

-25641

-00175

( 190.257)
(128.5090)
( 37.8267)

(180.96466)

0.156)

(153.82428)

0.139)

(150.58197)

( 1.00393)

6.368)

( 0.77981)

( 0.00017)

1.6952
1.6984

0.1774
0.1705

1.7623
1.6200

0.1822
0.1632
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1 THROUGH 100

14859.4

1059.

2712.

11085.

11099.

11014.

82

82

31

17

568

857

852

-910

-564

.017

74.60322

74 .69937

74.12730

0.55797

0.55564

0.00012



AVERAGE HEAD ON TOP 16.916 ( 1.597)
OF LAYER 8

CHANGE IN WATER STORAGE -0.955 ( 7.3122) -9.55 -0.064

AEE AL AEAAEAAALTAAAXAAA A A A AAAAXAAAAAAAXAAAXAAXAAAAAXAAXAAXAAAAALAAXAAAXAAXAAXAAAAAXAAXAAXAAAAAAAXAX
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PEAK DAILY VALUES FOR YEARS 1 THROUGH 100

(MM) (CU. METERS)
PRECIPITATION 128.00 1289.000
RUNOFF 87.653 876.5259
PERCOLATION/LEAKAGE THROUGH LAYER 2 60.615021 606.15021
AVERAGE HEAD ON TOP OF LAYER 2 25_039
PERCOLATION/LEAKAGE THROUGH LAYER 4 8.922950 89.22950
AVERAGE HEAD ON TOP OF LAYER 4 2.946
DRAINAGE COLLECTED FROM LAYER 5 7.72807 77.28065
PERCOLATION/LEAKAGE THROUGH LAYER 6 0.054120 0.54120
AVERAGE HEAD ON TOP OF LAYER 6 119.280
MAXIMUM HEAD ON TOP OF LAYER 6 170.266
LOCATION OF MAXIMUM HEAD IN LAYER 5

(DISTANCE FROM DRAIN) 22_.9 METERS
DRAINAGE COLLECTED FROM LAYER 7 0.02983 0.29826
PERCOLATION/LEAKAGE THROUGH LAYER 9 0.000006 0.00006
AVERAGE HEAD ON TOP OF LAYER 8 22.330
MAXIMUM HEAD ON TOP OF LAYER 8 42.487
LOCATION OF MAXIMUM HEAD IN LAYER 7
(DISTANCE FROM DRAIN) 7.2 METERS

SNOW WATER 341.73 3417.2583
MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.4370
MINIMUM VEG. SOIL WATER (VOL/VOL) 0.0240

***  Maximum heads are computed using McEnroe"s equations. ***

Reference: Maximum Saturated Depth over Landfill Liner
by Bruce M. McEnroe, University of Kansas
ASCE Journal of Environmental Engineering
Vol. 119, No. 2, March 1993, pp. 262-270.
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AEAEAAAAAAEAAEAAAEAAAAAAAXAAAAAXAAXAAXAAAXAAXAXAAXAAXAAAAAXAAAAAAAXAAXAAAAAXAAAAAAAAAXAAAAAdAdk

FINAL WATER STORAGE AT END OF YEAR 100

LAYER @) (VOL/VOL)
1 3.7450 " 0.3745
2 2.1850 0.4370
3 746_7070 0.3111
4 0.0000 0.0000
5 3.2624 0.1087
6 0.4500 0.7500
7 2.4275 0.0809
8 0.0000 0.0000
9 0.4500 0.7500

SNOW WATER 0.000

AEAEAAAAEAAEAAAAAEAAAAAAAXAAAAAXAAXAAXAAAXAAXAXAAXAAXAAAAAXAAAAAAAXAAXAAAAAXAAAAAAAAAXAAXAAAXAXkX
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AEAEAAAAEAAEAAEAAAEAAAAAAAXAAAAAXAAXAAXAAAXAAXAAAXAAXAAAAAXAAAAAXAAXAAXAAAAAXAAAAAAAAAXAAAAAdAXkh

R R R e R R R e R R R R R AR AR AR AR AR AR AR AR R AR R R AR R R AR AR AR AR R R R AR AR R R R R R R R AR AR R AR R R R R R R R R R A AR R R A

**x **
*x HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE *x
*x HELP MODEL VERSION 3.07 (1 NOVEMBER 1997) *x
** DEVELOPED BY ENVIRONMENTAL LABORATORY el
** USAE WATERWAYS EXPERIMENT STATION el
** FOR USEPA RISK REDUCTION ENGINEERING LABORATORY el
*x **
**x **
KAEAAEIXAAAAAAAA A AKX AKX AAXAAAIAEATEAAEITAAAAAAAAXAXAAAAAAITAAIAAAAAAAXAAXAAAAAAAAXAAAAXAAAAAAAAAXAKAK
KAEAAEIXEAAEAAAAAAXAAXA AKX AAXAAAIAEITEAAEITAAAAXAAAAXAAXAAAXAAITAEAAXAAAAAAXAAXAAAAAXXAAXAAAAAAAAAAAAAXNKAK
PRECIPITATION DATA FILE: C:\HELP3\88877PD.D4

TEMPERATURE DATA FILE: C:\HELP3\88877TD.D7

SOLAR RADIATION DATA FILE: C:\HELP3\88877SRD.D13

EVAPOTRANSPIRATION DATA: C:\HELP3\88877ETD.D11

SOIL AND DESIGN DATA FILE: C:\HELP3\88877DF5.D10

OUTPUT DATA FILE: C:\HELP3\88877DF5.0UT

TIME: 17: O DATE: 3/20/2018

R R T R R R e R R R R e R R R R R AR AR AR AR AR AR AR R R AR R R AR AR R AR R AR AR R R R R AR R AR R R R AR R R R e R e R R R R e R R R R R AR AR R e

TITLE: Upland Landfill - Daily Cover HDPE Failure

R R R R e R R R R e R R R R AR AR AR AR SR AR AR R R R R R AR R AR R AR AR AR AR R AR R R R AR R R R R AR R R R R R R AR AR AR AR R R AR R R R R AR AR R R A

NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE
COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM.

LAYER 1

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 2

10.00 CM

0.4370 VOL/VOL

0.0620 VOL/VOL

0.0240 VOL/VOL

0.1434 VvVOL/VOL

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT



EFFECTIVE SAT. HYD. COND. = 0.579999993000E-02 CM/SEC

LAYER 2

TYPE 3 - BARRIER SOIL LINER
MATERIAL TEXTURE NUMBER 2

5.00 CM

0.4370 VOL/VOL

0.0620 VOL/VOL

0.0240 VvVOL/VOL

0.4370 VOL/VOL
0.579999993000E-02 CM/SEC

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

LAYER 3

TYPE 1 - VERTICAL PERCOLATION LAYER

MATERIAL TEXTURE NUMBER 18
2400.00 CM

0.6710 VOL/VOL

0.2920 VOL/VOL

0.0770 VOL/VOL

0.3171 vOL/VOL
0.100000005000E-02 CM/SEC

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

TYPE 4 - FLEXIBLE MEMBRANE LINER
MATERIAL TEXTURE NUMBER 20
0.50 CM
0.0000 VOL/VOL
0.0000 VOL/VOL
0.0000 VOL/VOL
0.0000 VOL/VOL
10.0000000000 CM/SEC
2.00 HOLES/HECTARE
6.00 HOLES/HECTARE
3 - GOOD

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.
FML PINHOLE DENSITY

FML INSTALLATION DEFECTS
FML PLACEMENT QUALITY

LAYER 5



TYPE 2 - LATERAL DRAINAGE LAYER
MATERIAL TEXTURE NUMBER 21
30.00 CM
0.3970 VOL/VOL
0.0320 VOL/VOL
0.0130 VvOL/VOL
0.0389 VOL/VOL
0.300000012000 CM/SEC
1.00 PERCENT
80.0 METERS

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.
SLOPE

DRAINAGE LENGTH

LAYER 6

TYPE 3 - BARRIER SOIL LINER
MATERIAL TEXTURE NUMBER 17

0.60 CM

0.7500 VOL/VOL

0.7470 VOL/VOL

0.4000 VOL/VOL

0.7500 VOL/VOL
0.300000003000E-08 CM/SEC

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

GENERAL DESIGN AND EVAPORATIVE ZONE DATA

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT
SOIL DATA BASE USING SOIL TEXTURE # 2 WITH BARE
GROUND CONDITIONS, A SURFACE SLOPE OF 10.% AND
A SLOPE LENGTH OF  35. METERS.

SCS RUNOFF CURVE NUMBER
FRACTION OF AREA ALLOWING RUNOFF
AREA PROJECTED ON HORIZONTAL PLANE

81.70
100.0 PERCENT
1.0000 HECTARES

EVAPORATIVE ZONE DEPTH = 10.0 CM
INITIAL WATER IN EVAPORATIVE ZONE = 1.434 CM
UPPER LIMIT OF EVAPORATIVE STORAGE = 4.370 CM
LOWER LIMIT OF EVAPORATIVE STORAGE = 0.240 CM
INITIAL SNOW WATER = 0.000 CM
INITIAL WATER IN LAYER MATERIALS = 766.230 CM
TOTAL INITIAL WATER = 766.230 CM

TOTAL SUBSURFACE INFLOW 0.00 MM/YR



EVAPOTRANSPIRATION AND WEATHER DATA

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM
Campbell River British Columbia

STATION LATITUDE 49 .95 DEGREES

MAXIMUM LEAF AREA INDEX = 0.00
START OF GROWING SEASON (JULIAN DATE) = 91

END OF GROWING SEASON (JULIAN DATE) = 305
EVAPORATIVE ZONE DEPTH = 10.0 CM
AVERAGE ANNUAL WIND SPEED = 8.00 KPH
AVERAGE 1ST QUARTER RELATIVE HUMIDITY = 84.10 %
AVERAGE 2ND QUARTER RELATIVE HUMIDITY = 72.47 %
AVERAGE 3RD QUARTER RELATIVE HUMIDITY = 71.95 %
AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 87.08 %

NOTE: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR OLYMPIA WASHINGTON

NORMAL MEAN MONTHLY PRECIPITATION (MM)

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
217.5 149.5 140.0 92.1 68.4 62.9
39.4 44.6 55.2 162.2 231.9 225.7

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR OLYMPIA WASHINGTON

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES CELSIUS)

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
2.4 3.2 5.2 8.0 11.6 14.7
17.3 17.2 13.7 8.6 4.4 2.1

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR OLYMPIA WASHINGTON
AND STATION LATITUDE = 49.95 DEGREES
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AVERAGE MONTHLY VALUES (MM) FOR YEARS

PRECIPITATION
TOTALS 216.01 144 .89
37.45 39.26
STD. DEVIATIONS 63.32 48.38
28.36 30.28
RUNOFF
TOTALS 34.035 26.786
0.335 0.489
STD. DEVIATIONS 67.175 67.695
1.002 2.820
EVAPOTRANSP IRAT ION
TOTALS 7.270 10.909
19.103 18.345
STD. DEVIATIONS 2.877 4.501

13.384 13.132

PERCOLATION/LEAKAGE THROUGH LAYER 2

TOTALS 184.9617 124.8822
20.0543 19.7217

STD. DEVIATIONS 82.3606 64.2705
18.4242 18.2704

PERCOLATION/LEAKAGE THROUGH LAYER 4

TOTALS 69.2439 87.4646
116.7813 105.4236

STD. DEVIATIONS 25.0072 31.9981
18.7912 16.9541

LATERAL DRAINAGE COLLECTED FROM LAYER 5

TOTALS 65.1089 84.2772
117.0968 106.9451
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1 THROUGH 100
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.010

-585
-926

.674
.619

.5131

5648

9264

.2804

5320
1807

1002
7972

0491

-3287

27.
187.

19.
71.

121.
54.

22.
19.

123.
50.
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STD. DEVIATIONS 24.4978 28.8200 30.3134 31.9586 29.0905 23.2966
18.4311 17.3214 15.8749 16.8588 14.9788 17.0222

PERCOLATION/LEAKAGE THROUGH LAYER 6

TOTALS 0.5145 0.6352 0.7635 0.8985 1.0008 0.9006
0.8611 0.7934 0.6561 0.4842 0.3667 0.4165

STD. DEVIATIONS 0.1633 0.1923 0.2021 0.2131 0.1940 0.1553
0.1229 0.1155 0.1058 0.1124 0.0999 0.1135

AVERAGES 0.1754 0.1345 0.1128 0.0588 0.0295 0.0299
0.0207 0.0206 0.0312 0.1313 0.1855 0.1773

STD. DEVIATIONS 0.0790 0.0695 0.0476 0.0312 0.0224 0.0239
0.0196 0.0180 0.0240 0.0619 0.0683 0.0707

AVERAGES 0.0748 0.1027 0.1130 0.1417 0.1474 0.1339
0.1243 0.1123 0.0931 0.0583 0.0487 0.0588

STD. DEVIATIONS 0.0262 0.0367 0.0354 0.0362 0.0310 0.0245
0.0201 0.0180 0.0187 0.0175 0.0170 0.0209

AVERAGES 3.2417 4.6031 .1011 6.3327 6.8734 6.3493

.4624 3.0159 2.2292 2.5105
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AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 100



MM CU. METERS PERCENT

PRECIPITATION 1485.94 ( 190.257) 14859.4 100.00
RUNOFF 105.931 (128.5090) 1059.31 7.129
EVAPOTRANSPIRATION 271.217 ( 37.8267) 2712.17 18.252
PERCOLATION/LEAKAGE THROUGH 1108.55688 (180.96466) 11085.568 74.60322
LAYER 2
AVERAGE HEAD ON TOP 0.923 ( 0.156)
OF LAYER 2
PERCOLATION/LEAKAGE THROUGH 1109.98572 (153.82428) 11099.857 74.69937
LAYER 4
AVERAGE HEAD ON TOP 1.007 ( 0.139)
OF LAYER 4
LATERAL DRAINAGE COLLECTED 1101.48511 (150.58197) 11014.852  74.12730
FROM LAYER 5
PERCOLAT ION/LEAKAGE THROUGH 8.29104 ( 1.00393) 82.910 0.55797
LAYER 6
AVERAGE HEAD ON TOP 46.562 ( 6.368)
OF LAYER 6

CHANGE IN WATER STORAGE -0.988 ( 7.3143) -9.88 -0.066
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PEAK DAILY VALUES FOR YEARS 1 THROUGH 100

(MM) (CU. METERS)
PRECIPITATION 128.00 1289.000
RUNOFF 87.653 876.5259
PERCOLATION/LEAKAGE THROUGH LAYER 2 60.615021 606.15021
AVERAGE HEAD ON TOP OF LAYER 2 25_039
PERCOLATION/LEAKAGE THROUGH LAYER 4 8.922950 89.22950
AVERAGE HEAD ON TOP OF LAYER 4 2.946
DRAINAGE COLLECTED FROM LAYER 5 7.72807 77.28065
PERCOLATION/LEAKAGE THROUGH LAYER 6 0.054120 0.54120
AVERAGE HEAD ON TOP OF LAYER 6 119.280
MAXIMUM HEAD ON TOP OF LAYER 6 170.266
LOCATION OF MAXIMUM HEAD IN LAYER 5

(DISTANCE FROM DRAIN) 22_.9 METERS

SNOW WATER 341.73 3417.2583
MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.4370
MINIMUM VEG. SOIL WATER (VOL/VOL) 0.0240

***  Maximum heads are computed using McEnroe"s equations. ***

Reference: Maximum Saturated Depth over Landfill Liner
by Bruce M. McEnroe, University of Kansas
ASCE Journal of Environmental Engineering
Vol. 119, No. 2, March 1993, pp. 262-270.

R R R R e R R e R e R R R AR AR AR AR R AR AR AR R R R AR R R AR AR R AR AR AR AR R R R AR AR R R R R R R AR R AR AR R R R R R R R R R R S R A R R S L



AEAEAAAAAAEAAEAAAEAAAAAAAXAAAAAXAAXAAXAAAXAAXAXAAXAAXAAAAAXAAAAAAAXAAXAAAAAXAAAAAAAAAXAAAAAdAdk

FINAL WATER STORAGE AT END OF YEAR 100

LAYER @) (VOL/VOL)
1 3.7450 " 0.3745
2 2.1850 0.4370
3 746_7070 0.3111
4 0.0000 0.0000
5 3.2624 0.1087
6 0.4500 0.7500
SNOW WATER 0.000
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**x **
*x HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE *x
*x HELP MODEL VERSION 3.07 (1 NOVEMBER 1997) *x
** DEVELOPED BY ENVIRONMENTAL LABORATORY el
** USAE WATERWAYS EXPERIMENT STATION el
** FOR USEPA RISK REDUCTION ENGINEERING LABORATORY el
*x **
**x **
KAEAAEIXAAAAAAAA A AKX AKX AAXAAAIAEATEAAEITAAAAAAAAXAXAAAAAAITAAIAAAAAAAXAAXAAAAAAAAXAAAAXAAAAAAAAAXAKAK
KAEAAEIXEAAEAAAAAAXAAXA AKX AAXAAAIAEITEAAEITAAAAXAAAAXAAXAAAXAAITAEAAXAAAAAAXAAXAAAAAXXAAXAAAAAAAAAAAAAXNKAK
PRECIPITATION DATA FILE: C:\HELP3\88877PD.D4

TEMPERATURE DATA FILE: C:\HELP3\88877TD.D7

SOLAR RADIATION DATA FILE: C:\HELP3\88877SRD.D13

EVAPOTRANSPIRATION DATA: C:\HELP3\88877ETD.D11

SOIL AND DESIGN DATA FILE: C:\HELP3\88877D03.D10

OUTPUT DATA FILE: C:\HELP3\88877D03.0UT

TIME: 16:43 DATE: 3/20/2018
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TITLE: Upland Landfill - Daily Cover DOCP - Poor Liner Install
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NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE
COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM.

LAYER 1

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 2

10.00 CM

0.4370 VOL/VOL

0.0620 VOL/VOL

0.0240 VOL/VOL

0.1434 VvVOL/VOL

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT



EFFECTIVE SAT. HYD. COND. = 0.579999993000E-02 CM/SEC

LAYER 2

TYPE 3 - BARRIER SOIL LINER
MATERIAL TEXTURE NUMBER 2

5.00 CM

0.4370 VOL/VOL

0.0620 VOL/VOL

0.0240 VvVOL/VOL

0.4370 VOL/VOL
0.579999993000E-02 CM/SEC

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

LAYER 3

TYPE 1 - VERTICAL PERCOLATION LAYER

MATERIAL TEXTURE NUMBER 18
2400.00 CM

0.6710 VOL/VOL

0.2920 VOL/VOL

0.0770 VOL/VOL

0.3171 vOL/VOL
0.100000005000E-02 CM/SEC

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

TYPE 4 - FLEXIBLE MEMBRANE LINER
MATERIAL TEXTURE NUMBER 20
0.50 CM
0.0000 VOL/VOL
0.0000 VOL/VOL
0.0000 VOL/VOL
0.0000 VOL/VOL
10.0000000000 CM/SEC
2.00 HOLES/HECTARE
12.00  HOLES/HECTARE
4 - POOR

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.
FML PINHOLE DENSITY

FML INSTALLATION DEFECTS
FML PLACEMENT QUALITY

LAYER 5



TYPE 2 - LATERAL DRAINAGE LAYER
MATERIAL TEXTURE NUMBER 21
30.00 CM
0.3970 VOL/VOL
0.0320 VOL/VOL
0.0130 VvOL/VOL
0.0390 VOL/VOL
0.300000012000 CM/SEC
1.00 PERCENT
80.0 METERS

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.
SLOPE

DRAINAGE LENGTH

TYPE 4 - FLEXIBLE MEMBRANE LINER
MATERIAL TEXTURE NUMBER 35
0.15 CM
0.0000 VOL/VOL
0.0000 VOL/VOL
0.0000 VOL/VOL
0.0000 VOL/VOL
0.199999996000E-12 CM/SEC
2.00 HOLES/HECTARE
12.00  HOLES/HECTARE
4 - POOR

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.
FML PINHOLE DENSITY

FML INSTALLATION DEFECTS
FML PLACEMENT QUALITY

TYPE 3 - BARRIER SOIL LINER
MATERIAL TEXTURE NUMBER 17

0.60 CM

0.7500 VOL/VOL

0.7470 VOL/VOL

0.4000 VOL/VOL

0.7500 VOL/VOL
0.300000003000E-08 CM/SEC

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

GENERAL DESIGN AND EVAPORATIVE ZONE DATA

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT



SOIL DATA BASE USING SOIL TEXTURE # 2 WITH BARE
GROUND CONDITIONS, A SURFACE SLOPE OF 10.% AND

A SLOPE LENGTH OF  35. METERS.

SCS RUNOFF CURVE NUMBER

FRACTION OF AREA ALLOWING RUNOFF
AREA PROJECTED ON HORIZONTAL PLANE
EVAPORATIVE ZONE DEPTH

INITIAL WATER IN EVAPORATIVE ZONE
UPPER LIMIT OF EVAPORATIVE STORAGE
LOWER LIMIT OF EVAPORATIVE STORAGE
INITIAL SNOW WATER

INITIAL WATER IN LAYER MATERIALS
TOTAL INITIAL WATER

TOTAL SUBSURFACE INFLOW

1

81.
00.

1.
10.

70

0
0000
0

-434
.370
.240
-000

234
234

-00

EVAPOTRANSPIRATION AND WEATHER DATA

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM

Campbell River

STATION LATITUDE

MAXIMUM LEAF AREA INDEX

START OF GROWING SEASON (JULIAN DATE)
END OF GROWING SEASON (JULIAN DATE)
EVAPORATIVE ZONE DEPTH

AVERAGE ANNUAL WIND SPEED

AVERAGE 1ST QUARTER RELATIVE HUMIDITY
AVERAGE 2ND QUARTER RELATIVE HUMIDITY
AVERAGE 3RD QUARTER RELATIVE HUMIDITY
AVERAGE 4TH QUARTER RELATIVE HUMIDITY

British Columbia

49
0

10.

8
84
72
71
87

PERCENT
HECTARES

CM
CM
CM
CM
CM
CM
CM

MMZYR

-95
-00
91
305
0
-00
.10
.47
-95
.08

DEGREES

CM
KPH
%
%
%
%

NOTE: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING
WASHINGTON

COEFFICIENTS FOR OLYMPIA

NORMAL MEAN MONTHLY PRECIPITATION (MM)

JAN/JUL FEB/AUG MAR/SEP APR/OCT
217.5 149.5 140.0 92.1
39.4 44.6 55.2 162.2

MAY/

NOV

JUN/DEC

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
WASHINGTON

COEFFICIENTS FOR OLYMPIA

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES CELSIUS)



06
79

53
47

253
108

629
118

688
344

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
2.4 3.2 5.2 8.0 11.6 14.7
17.3 17.2 13.7 8.6 4.4 2.1
NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR OLYMPIA WASHINGTON
AND STATION LATITUDE = 49.95 DEGREES
AAEAAAAAAAAAAAAAAAAAAAAAAXAAAAAAAAAXAAAXAAAXAAAAAAAAAAXAAAAAAAXAAAXAAAXAAAAAAAAAAAhAAAi*X
AVERAGE MONTHLY VALUES (MM) FOR YEARS 1 THROUGH 100
JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
PRECIPITATION
TOTALS 216.01 144 .89 142 .48 102.27 67.19 62.
37.45 39.26 52.65 167.86 220.02  233.
STD. DEVIATIONS 63.32 48.38 46.44 37.98 33.77 32.
28.36 30.28 30.04 68.74 74.24 69.
RUNOFF
TOTALS 34.035 26.786 5.216 0.550 0.336 0.
0.335 0.489 0.129 6.234 11.463  20.
STD. DEVIATIONS 67.175 67.695 13.713 1.344 1.127 0.
1.002 2.820 0.565 7.952 13.010 40.
EVAPOTRANSP IRAT ION
TOTALS 7.270 10.909 32.661 50.909 38.585 34.
19.103 18.345 23.951 19.526 8.926 6.
STD. DEVIATIONS 2.877 4.501 6.050 12.277 16.674  16.

13.384 13.132 11.467 4.334 1.619 2.

PERCOLATION/LEAKAGE THROUGH LAYER 2

TOTALS

184.9617 124.8822 110.9308 54.5503 29.5131 27.
20.0543 19.7217 28.2646 134.8827 186.5648 187.
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0398
1910



STD. DEVIATIONS 82.3606 64.2705

18.4242 18.2704

PERCOLATION/LEAKAGE THROUGH LAYER 4

TOTALS 69.2439 87.4646
116.7813 105.4236

STD. DEVIATIONS 25.0072 31.9981
18.7912 16.9541

LATERAL DRAINAGE COLLECTED FROM LAYER 5

TOTALS 65.5990 84.8830
117.9639 107.7494

STD. DEVIATIONS 24.6491 28.9861
18.5503 17.4347

PERCOLATION/LEAKAGE THROUGH LAYER 7

TOTALS 0.0020 0.0028

STD. DEVIATIONS 0.0009 0.0012

45.
20.

106.
84.

33.
17.

103.
87.

30.
15.

3760
5887

1008
6364

4254
0074

1995
4097

4956
9752

.0035
.0028

.0013
-0006

29
61

128
53

32
16

123

32.
-9680

16

.2116
-0835

-8358
-9413

-8829
-5754

-9468
61.

1019

1618

-0044
-0018

-0015
-0006

20.
.2804

63

138

29.
15.

139
43

29
15

9264

-5320
43.

1807

1002
7972

.0431
.6985

.2816
-0715

-0050
-0013

-0014
-0005

19.
71.

121.
54.

22.
19.

124.
50.

23.
17.

1694
2859

7064
1387

3601
9535

3204
8228

4550
1150

.0043
.0015

.0010
.0006

AVERAGES 0.1754 0.1345

STD. DEVIATIONS 0.0790 0.0695

AVERAGES 0.0748 0.1027

STD. DEVIATIONS 0.0262 0.0367

.1128
.0312

.0476
.0240

.1130
.0931

.0354
.0187

-0588
-1313

-0312
-0619

-1417
-0583

-0362
-0175

-0295
-1855

.0224
-0683

.1474
.0487

-0310
.0170

.0299
1773

.0239
.0707

.1339
.0588

.0245
.0209



AVERAGES 3.2661 4.6362 5.1382 6.3769 6.9228 6.3961
5.8733 5.3648 4.4971 3.0422 2.2482 2.5304

STD. DEVIATIONS 1.2273 1.5755 1.5183 1.6547 1.4579 1.2067
0.9236 0.8681 0.8219 0.8448 0.7754 0.8521
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AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 100

MM CU. METERS PERCENT
PRECIPITATION 1485.94 ( 190.257) 14859.4 100.00
RUNOFF 105.931 (128.5090) 1059.31 7.129
EVAPOTRANSPIRATION 271.217 ( 37.8267) 2712.17 18.252
PERCOLATION/LEAKAGE THROUGH 1108.55688 (180.96466) 11085.568 74.60322
LAYER 2
AVERAGE HEAD ON TOP 0.923 ( 0.156)
OF LAYER 2
PERCOLAT ION/LEAKAGE THROUGH 1109.98572 (153.82428) 11099.857 74.69937
LAYER 4
AVERAGE HEAD ON TOP 1.007 ( 0.139)
OF LAYER 4
LATERAL DRAINAGE COLLECTED 1109.73792 (151.56952) 11097.379  74.68269
FROM LAYER 5
PERCOLAT ION/LEAKAGE THROUGH 0.03697 ( 0.00634) 0.370 0.00249
LAYER 7
AVERAGE HEAD ON TOP 46.910 ( 6.410)
OF LAYER 6

CHANGE IN WATER STORAGE -0.987 ( 7.3146) -9.87 -0.066
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PEAK DAILY VALUES FOR YEARS 1 THROUGH 100

(MM) (CU. METERS)
PRECIPITATION 128.00 1289.000
RUNOFF 87.653 876.5259
PERCOLATION/LEAKAGE THROUGH LAYER 2 60.615021 606.15021
AVERAGE HEAD ON TOP OF LAYER 2 25_039
PERCOLATION/LEAKAGE THROUGH LAYER 4 8.922950 89.22950
AVERAGE HEAD ON TOP OF LAYER 4 2.946
DRAINAGE COLLECTED FROM LAYER 5 7.77760 77.77605
PERCOLATION/LEAKAGE THROUGH LAYER 7 0.000338 0.00338
AVERAGE HEAD ON TOP OF LAYER 6 120.045
MAXIMUM HEAD ON TOP OF LAYER 6 171.162
LOCATION OF MAXIMUM HEAD IN LAYER 5

(DISTANCE FROM DRAIN) 23.0 METERS

SNOW WATER 341.73 3417.2583
MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.4370
MINIMUM VEG. SOIL WATER (VOL/VOL) 0.0240

***  Maximum heads are computed using McEnroe"s equations. ***

Reference: Maximum Saturated Depth over Landfill Liner
by Bruce M. McEnroe, University of Kansas
ASCE Journal of Environmental Engineering
Vol. 119, No. 2, March 1993, pp. 262-270.
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FINAL WATER STORAGE AT END OF YEAR 100

LAYER @) (VOL/VOL)
1 3.7450 " 0.3745
2 2.1850 0.4370
3 746_7070 0.3111
4 0.0000 0.0000
5 3.2790 0.1093
6 0.0000 0.0000
7 0.4500 0.7500
SNOW WATER 0.000
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**x **
*x HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE *x
*x HELP MODEL VERSION 3.07 (1 NOVEMBER 1997) *x
** DEVELOPED BY ENVIRONMENTAL LABORATORY el
** USAE WATERWAYS EXPERIMENT STATION el
** FOR USEPA RISK REDUCTION ENGINEERING LABORATORY el
*x **
**x **
KAEAAEIXAAAAAAAA A AKX AKX AAXAAAIAEATEAAEITAAAAAAAAXAXAAAAAAITAAIAAAAAAAXAAXAAAAAAAAXAAAAXAAAAAAAAAXAKAK
KAEAAEIXEAAEAAAAAAXAAXA AKX AAXAAAIAEITEAAEITAAAAXAAAAXAAXAAAXAAITAEAAXAAAAAAXAAXAAAAAXXAAXAAAAAAAAAAAAAXNKAK
PRECIPITATION DATA FILE: C:\HELP3\88877PF.D4

TEMPERATURE DATA FILE: C:\HELP3\88877TF.D7

SOLAR RADIATION DATA FILE: C:\HELP3\88877SRF.D13

EVAPOTRANSPIRATION DATA: C:\HELP3\88877ETF.D11

SOIL AND DESIGN DATA FILE: C:\HELP3\88877FF4.D10

OUTPUT DATA FILE: C:\HELP3\88877FF4 .0UT

TIME: 19:10 DATE: 3/20/2018
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TITLE: Upland Landfill - Final Cover HDPE Failure, Secondary Liner
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NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE
COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM.

LAYER 1

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 4

15.00 CM

0.4370 VOL/VOL

0.1050 VOL/VOL

0.0470 VOL/VOL

0.1785 VOL/VOL

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT



EFFECTIVE SAT. HYD. COND. = 0.170000002000E-02 CM/SEC
NOTE: SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY 4.63
FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE.

LAYER 2

TYPE 2 - LATERAL DRAINAGE LAYER
MATERIAL TEXTURE NUMBER 2
60.00 CM
0.4370 VOL/VOL
0.0620 VOL/VOL
0.0240 VOL/VOL
0.3227 VOL/VOL
0.579999993000E-02 CM/SEC
10.00  PERCENT
35.0 METERS

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.
SLOPE

DRAINAGE LENGTH

LAYER 3

TYPE 3 - BARRIER SOIL LINER
MATERIAL TEXTURE NUMBER 17

0.60 CM

0.7500 VOL/VOL

0.7470 VOL/VOL

0.4000 VOL/VOL

0.7500 VOL/VOL
0.300000003000E-08 CM/SEC

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

LAYER 4

TYPE 1 - VERTICAL PERCOLATION LAYER

MATERIAL TEXTURE NUMBER 2

15.00 CM

0.4370 VOL/VOL

0.0620 VOL/VOL

0.0240 VvOL/VOL

0.1250 VOL/VOL
0.579999993000E-02 CM/SEC

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.



LAYER 5

TYPE 1 - VERTICAL PERCOLATION LAYER

MATERIAL TEXTURE NUMBER 18
2400.00 CM

0.6710 VOL/VOL

0.2920 VOL/VOL

0.0770 VOL/VOL

0.2920 VOL/VOL
0.100000005000E-02 CM/SEC

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

TYPE 4 - FLEXIBLE MEMBRANE LINER
MATERIAL TEXTURE NUMBER 20
0.50 CM
0.0000 VOL/VOL
0.0000 VOL/VOL
0.0000 VOL/VOL
0.0000 VOL/VOL
10.0000000000 CM/SEC
2.00 HOLES/HECTARE
6.00 HOLES/HECTARE
3 - GOOD

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.
FML PINHOLE DENSITY

FML INSTALLATION DEFECTS
FML PLACEMENT QUALITY

LAYER 7

TYPE 2 - LATERAL DRAINAGE LAYER
MATERIAL TEXTURE NUMBER 21
30.00 CM
0.3970 VOL/VOL
0.0320 VOL/VOL
0.0130 VvOL/VOL
0.0337 VOL/VOL
0.300000012000 CM/SEC
1.00 PERCENT
80.0 METERS

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.
SLOPE

DRAINAGE LENGTH

LAYER 8

TYPE 3 - BARRIER SOIL LINER



MATERIAL TEXTURE NUMBER 17

0.60 CM

0.7500 VOL/VOL

0.7470 VOL/VOL

0.4000 VOL/VOL

0.7500 VOL/VOL
0.300000003000E-08 CM/SEC

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

TYPE 2 - LATERAL DRAINAGE LAYER
MATERIAL TEXTURE NUMBER 2
30.00 CM
0.4370 VOL/VOL
0.0620 VOL/VOL
0.0240 VvOL/VOL
0.0632 VOL/VOL
0.579999993000E-02 CM/SEC
2.00  PERCENT
150.0 METERS

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.
SLOPE

DRAINAGE LENGTH

TYPE 4 - FLEXIBLE MEMBRANE LINER
MATERIAL TEXTURE NUMBER 35
0.15 CM
0.0000 VOL/VOL
0.0000 VOL/VOL
0.0000 VOL/VOL
0.0000 VOL/VOL
0.199999996000E-12 CM/SEC
2.00 HOLES/HECTARE
6.00 HOLES/HECTARE
3 - GOOD

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.
FML PINHOLE DENSITY

FML INSTALLATION DEFECTS
FML PLACEMENT QUALITY

LAYER 11

TYPE 3 - BARRIER SOIL LINER
MATERIAL TEXTURE NUMBER 17

0.60 CM
0.7500 VOL/VOL
0.7470 VOL/VOL

THICKNESS
POROSITY
FIELD CAPACITY



WILTING POINT
INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

0.4000 VOL/VOL
0.7500 VOL/VOL
0.300000003000E-08 CM/SEC

GENERAL DESIGN AND EVAPORATIVE ZONE DATA

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT
SOIL DATA BASE USING SOIL TEXTURE # 4 WITH A
GOOD STAND OF GRASS, A SURFACE SLOPE OF 10.%
AND A SLOPE LENGTH OF  35. METERS.

1.

5.

1.
0.

SCS RUNOFF CURVE NUMBER = 56
FRACTION OF AREA ALLOWING RUNOFF = 100.
AREA PROJECTED ON HORIZONTAL PLANE =
EVAPORATIVE ZONE DEPTH = 30
INITIAL WATER IN EVAPORATIVE ZONE =
UPPER LIMIT OF EVAPORATIVE STORAGE = 13
LOWER LIMIT OF EVAPORATIVE STORAGE =
INITIAL SNOW WATER =
INITIAL WATER IN LAYER MATERIALS = 728.
TOTAL INITIAL WATER = 728.
TOTAL SUBSURFACE INFLOW =

0.

00
0
0000
0
060
110
065
000
972
972
00

EVAPOTRANSPIRATION AND WEATHER DATA

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM

Campbell River

STATION LATITUDE

MAXIMUM LEAF AREA INDEX

START OF GROWING SEASON (JULIAN DATE)
END OF GROWING SEASON (JULIAN DATE)
EVAPORATIVE ZONE DEPTH

AVERAGE ANNUAL WIND SPEED

AVERAGE 1ST QUARTER RELATIVE HUMIDITY
AVERAGE 2ND QUARTER RELATIVE HUMIDITY
AVERAGE 3RD QUARTER RELATIVE HUMIDITY
AVERAGE 4TH QUARTER RELATIVE HUMIDITY

British Columbia

49
3

30.

8
84
72
71
87

PERCENT
HECTARES

CM
CM
CM
CM
CM
CM
CM

MMZYR

-95
-50
91
305
0
-00
-10
.47
-95
.08

DEGREES

CM
KPH
%
%
%
%

NOTE: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING
WASHINGTON

COEFFICIENTS FOR OLYMPIA

NORMAL MEAN MONTHLY PRECIPITATION (MM)



JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR OLYMPIA WASHINGTON

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES CELSIUS)

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
2.4 3.2 5.2 8.0 11.6 14.7
17.3 17.2 13.7 8.6 4.4 2.1

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR OLYMPIA WASHINGTON
AND STATION LATITUDE = 49.95 DEGREES
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AVERAGE MONTHLY VALUES (MM) FOR YEARS 1 THROUGH 100

PRECIPITATION
TOTALS 216.01 144 .89 142 .48 102.27 67.19 62.06
37.45 39.26 52.65 167.86 220.02  233.79
STD. DEVIATIONS 63.32 48.38 46.44 37.98 33.77 32.53
28.36 30.28 30.04 68.74 74.24 69.47
RUNOFF
TOTALS 21.382 20.117 3.223 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.140 8.023
STD. DEVIATIONS 61.417 62.057 12.268 0.000 0.000 0.000

0.000 0.000 0.000 0.003 0.842 33.796



EVAPOTRANSP IRAT ION

TOTALS 6.991 10.459  35.
36.757 32.885  36.
STD. DEVIATIONS 2.382 4.007 5
24.988 20.829 18
LATERAL DRAINAGE COLLECTED FROM LAYER 2
TOTALS 198.2982 143.5541 130.
5.3721 4.0402
STD. DEVIATIONS 73.5734 59.6388 42.
7.3795 9.0126 10.
PERCOLATION/LEAKAGE THROUGH LAYER 3
TOTALS 3.1005 2.2607 2
0.1622 0.1412 O
STD. DEVIATIONS 1.1182 0.9087 O
0.1124 0.1378 O
PERCOLATION/LEAKAGE THROUGH LAYER 6
TOTALS 3.1055 2.6911 2
0.6560 0.489% O
STD. DEVIATIONS 0.9502 0.8980 O
0.1274 0.1012 O
LATERAL DRAINAGE COLLECTED FROM LAYER 7
TOTALS 2.9168 2.6859 2
0.6186 0.4310 O
STD. DEVIATIONS 0.8955 0.8772 O
0.1340 0.1000 O
PERCOLATION/LEAKAGE THROUGH LAYER 8
TOTALS 0.0998 0.0911 O
0.0845 0.0828 O
STD. DEVIATIONS 0.0060 0.0060 O
0.0009 0.0030 O
LATERAL DRAINAGE COLLECTED FROM LAYER 9
TOTALS 0.0776 0.0728 O
0.0845 0.0844 O
STD. DEVIATIONS 0.0046 0.0040 O

6.

089
444

.824
.091

1599
3776

8260
6322

.0637
.1732

.6526
.1632

.4135
.3444

.8627
.1021

-3986
.2893

.8500
.0949

.0958
.0782

.0077
.0067

.0817
.0815

.0039

66.
.871

17

73

29

199

.244
.718

-7398
70.

6105

-5571
41.

1663

.2014
-1557

-4504
.6281

-9825
-1259

-5128
-1036

-9599
-1173

-5565
-0888

-0908
-0490

-0037
-0205

-0804
-0828

-0035

27

15
57

.348
.401

.874
-437

-9560
170.

1666

-4583
.6571

-5063
.6706

.2356
.8784

.4584
-3696

-3316
.4582

-4829
-1984

-3525
-2906

-0902
-0329

-0024
-0223

-0840
-0749

-0033

10.
196.

11.
56.

.095
.790

.694
.722

4772
9461

1173
0787

.2374
.0813

.1694
.8543

.9163
.2274

.1868
.0603

-9079
.8080

.2060
.0078

.0838
.0870

.0014
.0174

.0817
.0760

.0029



0.0027

0.0024

PERCOLATION/LEAKAGE THROUGH LAYER 11

TOTALS 0.0000
0.0000
STD. DEVIATIONS 0.0000
0.0000

0.0021

0.0000
0.0000

0.0000
0.0000

0.0024

0.0000
0.0000

0.0000
0.0000

-0029

-0000
-0000

-0000
-0000

.0031

.0000
.0000

.0000
.0000

AVERAGES 22.5526
0.6113
STD. DEVIATIONS 8.3496
0.8397

17.9315
0.4597

7.4634
1.0255

DAILY AVERAGE HEAD ON TOP OF LAYER 6

AVERAGES 0.0030
0.0006
STD. DEVIATIONS 0.0009
0.0001

AVERAGES 0.1452
0.0308
STD. DEVIATIONS 0.0446
0.0067

AVERAGES 0.1875
0.2042
STD. DEVIATIONS 0.0111

0.0066

14.8102
. 7499

o

4.8729
1.2501

.0024
-0003

0.0008
0.0001

0.1194
0.0149

0.0423
0.0049

0.1973
0.2033

0.0094
0.0053

8.6702
8.0344

3.4753
4.6841

0.0020
0.0001

0.0005
0.0001

0.1008
0.0058

0.0286
0.0044

0.2006
0.2001

0.0088
0.0058

.1810
20.

0066

-7589
7776

-0014
-0004

-0003
-0005

-0738
-0102

.0176
-0150

-2029
-1868

-0080
.0072

.2319
.4089

.3071
.3795

.0009
.0022

.0002
.0010

.0467
.0900

.0106
.0502

.2039
.1834

.0073
.0075
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AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 100

MM CU. METERS PERCENT
PRECIPITATION 1485.94 ( 190.257) 14859.4 100.00
RUNOFF 52.886 (114.1105) 528.86 3.559
EVAPOTRANSPIRATION 379.329 ( 55.0845) 3793.29 25.528
LATERAL DRAINAGE COLLECTED 1037.69824 (180.34677) 10376.982  69.83460
FROM LAYER 2
PERCOLAT ION/LEAKAGE THROUGH 16.75417 ( 2.74737) 167.542 1.12752
LAYER 3
AVERAGE HEAD ON TOP 100.540 ( 17.590)
OF LAYER 3
PERCOLAT ION/LEAKAGE THROUGH 16.78025 ( 2.82458) 167.803 1.12927
LAYER 6
AVERAGE HEAD ON TOP 0.014 ( 0.002)
OF LAYER 6
LATERAL DRAINAGE COLLECTED 15.81461 ( 2.77709) 158.146 1.06429
FROM LAYER 7
PERCOLAT ION/LEAKAGE THROUGH 0.96615 ( 0.03470) 9.662 0.06502
LAYER 8
AVERAGE HEAD ON TOP 0.672 ( 0.119)
OF LAYER 8
LATERAL DRAINAGE COLLECTED 0.96240 ( 0.03525) 9.624 0.06477
FROM LAYER 9
PERCOLAT ION/LEAKAGE THROUGH 0.00020 ( 0.00001) 0.002 0.00001
LAYER 11
AVERAGE HEAD ON TOP 1.973 ( 0.072)
OF LAYER 10

CHANGE IN WATER STORAGE -0.753 ( 2.5401) -7.53 -0.051
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PEAK DAILY VALUES FOR YEARS 1 THROUGH 100

(MM) (CU. METERS)

PRECIPITATION 128.00 1289.000
RUNOFF 84.875 848.7458
DRAINAGE COLLECTED FROM LAYER 2 22_22717 222_27165
PERCOLATION/LEAKAGE THROUGH LAYER 3 0.320248 3.20248
AVERAGE HEAD ON TOP OF LAYER 3 735.327
MAXIMUM HEAD ON TOP OF LAYER 3 985.790
LOCATION OF MAXIMUM HEAD IN LAYER 2

(DISTANCE FROM DRAIN) 11.3 METERS
PERCOLATION/LEAKAGE THROUGH LAYER 6 0.317653 3.17653
AVERAGE HEAD ON TOP OF LAYER 6 0.084
DRAINAGE COLLECTED FROM LAYER 7 0.21372 2.13717
PERCOLATION/LEAKAGE THROUGH LAYER 8 0.004017 0.04017
AVERAGE HEAD ON TOP OF LAYER 8 3.299
MAXIMUM HEAD ON TOP OF LAYER 8 6.390
LOCATION OF MAXIMUM HEAD IN LAYER 7

(DISTANCE FROM DRAIN) 2.5 METERS
DRAINAGE COLLECTED FROM LAYER 9 0.00287 0.02873
PERCOLAT ION/LEAKAGE THROUGH LAYER 11 0.000001 0.00001
AVERAGE HEAD ON TOP OF LAYER 10 2.151
MAXIMUM HEAD ON TOP OF LAYER 10 4.253
LOCATION OF MAXIMUM HEAD IN LAYER 9

(DISTANCE FROM DRAIN) 1.7 METERS
SNOW WATER 341.73 3417.2583
MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.4370
MINIMUM VEG. SOIL WATER (VOL/VOL) 0.0355



***  Maximum heads are computed using McEnroe®s equations. ***

Reference: Maximum Saturated Depth over Landfill Liner
by Bruce M. McEnroe, University of Kansas
ASCE Journal of Environmental Engineering
Vol. 119, No. 2, March 1993, pp. 262-270.
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FINAL WATER STORAGE AT END OF YEAR 100

LAYER @) (VOL/VOL)
1 ' 6.5550 0.4370
2 8.1823 0.1364
3 0.4500 0.7500
4 1.6144 0.1076
5 700.8000 0.2920
6 0.0000 0.0000
7 1.0047 0.0335
8 0.4500 0.7500
9 1.9316 0.0644
10 0.0000 0.0000
11 0.4500 0.7500

SNOW WATER 0.000
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**x **
*x HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE *x
*x HELP MODEL VERSION 3.07 (1 NOVEMBER 1997) *x
** DEVELOPED BY ENVIRONMENTAL LABORATORY el
** USAE WATERWAYS EXPERIMENT STATION el
** FOR USEPA RISK REDUCTION ENGINEERING LABORATORY el
*x **
**x **
KAEAAEIXAAAAAAAA A AKX AKX AAXAAAIAEATEAAEITAAAAAAAAXAXAAAAAAITAAIAAAAAAAXAAXAAAAAAAAXAAAAXAAAAAAAAAXAKAK
KAEAAEIXEAAEAAAAAAXAAXA AKX AAXAAAIAEITEAAEITAAAAXAAAAXAAXAAAXAAITAEAAXAAAAAAXAAXAAAAAXXAAXAAAAAAAAAAAAAXNKAK
PRECIPITATION DATA FILE: C:\HELP3\88877PF.D4

TEMPERATURE DATA FILE: C:\HELP3\88877TF.D7

SOLAR RADIATION DATA FILE: C:\HELP3\88877SRF.D13

EVAPOTRANSPIRATION DATA: C:\HELP3\88877ETF.D11

SOIL AND DESIGN DATA FILE: C:\HELP3\88877FF3.D10

OUTPUT DATA FILE: C:\HELP3\88877FF3.0UT

TIME: 18:51 DATE: 3/20/2018
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TITLE: Upland Landfill - Final Cover HDPE Failure
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NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE
COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM.

LAYER 1

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 4

15.00 CM

0.4370 VOL/VOL

0.1050 VOL/VOL

0.0470 VOL/VOL

0.1785 VOL/VOL

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT



EFFECTIVE SAT. HYD. COND. = 0.170000002000E-02 CM/SEC
NOTE: SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY 4.63
FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE.

LAYER 2

TYPE 2 - LATERAL DRAINAGE LAYER
MATERIAL TEXTURE NUMBER 2
60.00 CM
0.4370 VOL/VOL
0.0620 VOL/VOL
0.0240 VOL/VOL
0.3227 VOL/VOL
0.579999993000E-02 CM/SEC
10.00  PERCENT
35.0 METERS

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.
SLOPE

DRAINAGE LENGTH

LAYER 3

TYPE 3 - BARRIER SOIL LINER
MATERIAL TEXTURE NUMBER 17

0.60 CM

0.7500 VOL/VOL

0.7470 VOL/VOL

0.4000 VOL/VOL

0.7500 VOL/VOL
0.300000003000E-08 CM/SEC

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

LAYER 4

TYPE 1 - VERTICAL PERCOLATION LAYER

MATERIAL TEXTURE NUMBER 2

15.00 CM

0.4370 VOL/VOL

0.0620 VOL/VOL

0.0240 VvOL/VOL

0.1250 VOL/VOL
0.579999993000E-02 CM/SEC

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.



LAYER 5

TYPE 1 - VERTICAL PERCOLATION LAYER

MATERIAL TEXTURE NUMBER 18
2400.00 CM

0.6710 VOL/VOL

0.2920 VOL/VOL

0.0770 VOL/VOL

0.2920 VOL/VOL
0.100000005000E-02 CM/SEC

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

TYPE 4 - FLEXIBLE MEMBRANE LINER
MATERIAL TEXTURE NUMBER 20
0.50 CM
0.0000 VOL/VOL
0.0000 VOL/VOL
0.0000 VOL/VOL
0.0000 VOL/VOL
10.0000000000 CM/SEC
2.00 HOLES/HECTARE
6.00 HOLES/HECTARE
3 - GOOD

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.
FML PINHOLE DENSITY

FML INSTALLATION DEFECTS
FML PLACEMENT QUALITY

LAYER 7

TYPE 2 - LATERAL DRAINAGE LAYER
MATERIAL TEXTURE NUMBER 21
30.00 CM
0.3970 VOL/VOL
0.0320 VOL/VOL
0.0130 VvOL/VOL
0.0337 VOL/VOL
0.300000012000 CM/SEC
1.00 PERCENT
80.0 METERS

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.
SLOPE

DRAINAGE LENGTH

LAYER 8

TYPE 3 - BARRIER SOIL LINER



MATERIAL TEXTURE NUMBER
THICKNESS 0.60
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT

EFFECTIVE SAT. HYD. COND.

17

CM

0.7500 VOL/VOL

0.7470 VOL/VOL

0.4000 VOL/VOL

0.7500 VOL/VOL
0.300000003000E-08 CM/SEC

GENERAL DESIGN AND EVAPORATIVE ZONE DATA

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT
SOIL DATA BASE USING SOIL TEXTURE # 4 WITH A
GOOD STAND OF GRASS, A SURFACE SLOPE OF 10.%
AND A SLOPE LENGTH OF  35. METERS.

1.

5.

1.
0.

SCS RUNOFF CURVE NUMBER = 56
FRACTION OF AREA ALLOWING RUNOFF = 100.
AREA PROJECTED ON HORIZONTAL PLANE =
EVAPORATIVE ZONE DEPTH = 30
INITIAL WATER IN EVAPORATIVE ZONE =
UPPER LIMIT OF EVAPORATIVE STORAGE = 13
LOWER LIMIT OF EVAPORATIVE STORAGE =
INITIAL SNOW WATER =
INITIAL WATER IN LAYER MATERIALS = 726.
TOTAL INITIAL WATER = 726.
TOTAL SUBSURFACE INFLOW =

0.

00
0
0000
0
060
110
065
000
626
626
00

EVAPOTRANSPIRATION AND WEATHER DATA

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM

Campbell River

STATION LATITUDE

MAXIMUM LEAF AREA INDEX

START OF GROWING SEASON (JULIAN DATE)
END OF GROWING SEASON (JULIAN DATE)
EVAPORATIVE ZONE DEPTH

AVERAGE ANNUAL WIND SPEED

AVERAGE 1ST QUARTER RELATIVE HUMIDITY
AVERAGE 2ND QUARTER RELATIVE HUMIDITY
AVERAGE 3RD QUARTER RELATIVE HUMIDITY
AVERAGE 4TH QUARTER RELATIVE HUMIDITY

British Columbia

49
3

30.

8
84
72
71
87

PERCENT
HECTARES
CM

CM

CM

CM

CM

CM

CM

MMZYR

-95 DEGREES
-50

91

305

0O CM

-00 KPH

.10 %

A7 %

95 %

.08 %



NOTE: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR OLYMPIA WASHINGTON

NORMAL MEAN MONTHLY PRECIPITATION (MM)

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
217.5 149.5 140.0 92.1 68.4 62.9
39.4 44.6 55.2 162.2 231.9 225.7

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR OLYMPIA WASHINGTON

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES CELSIUS)

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
2.4 3.2 5.2 8.0 11.6 14.7
17.3 17.2 13.7 8.6 4.4 2.1

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR OLYMPIA WASHINGTON
AND STATION LATITUDE = 49.95 DEGREES
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AVERAGE MONTHLY VALUES (MM) FOR YEARS 1 THROUGH 100

PRECIPITATION
TOTALS 216.01 144 .89 142 .48 102.27 67.19 62.06
37.45 39.26 52.65 167.86 220.02  233.79
STD. DEVIATIONS 63.32 48.38 46.44 37.98 33.77 32.53
28.36 30.28 30.04 68.74 74.24 69.47
RUNOFF
TOTALS 21.382 20.117 3.223 0.000 0.000 0.000

0.000 0.000 0.000 0.000 0.140 8.023



STD. DEVIATIONS 61
0

EVAPOTRANSP IRATION
TOTALS 6.
36
STD. DEVIATIONS 2
24

LATERAL DRAINAGE COLLECTED

TOTALS 198.
5
STD. DEVIATIONS 73.
7

PERCOLATION/LEAKAGE THROUGH LAYER 3

TOTALS 3.
STD. DEVIATIONS 1.

TOTALS 3.
STD. DEVIATIONS 0.

LATERAL DRAINAGE COLLECTED

S Totas 2.9168  2.6859
STD. DEVIATIONS 0.

TOTALS 0.
STD. DEVIATIONS 0.

6.

-417 62.057 12
.000 0.000 0
991 10.459 35
.757 32.885 36
.382 4.007 5
.988  20.829 18
FROM LAYER 2

2982 143.5541 130.
.3721  4.0402

5734 59.6388 42.
.3795 9.0126 10.
1005 2.2607 2
1622 0.1412 O
1182 0.9087 O
1124 0.1378 O
1055 2.6911 2
6560 0.4896 O
9502 0.8980 O
1274 0.1012 O
FROM LAYER 7

9168 2.6859 2
6186 0.4310 O
8955 0.8772 O
1340 0.1000 O
0998 0.0911 O
0845 0.0828 O
0060 0.0060 O
0009 0.0030 O

.268
.000

.089
.444

.824
.091

1599
3776

8260
6322

.0637
.1732

.6526
.1632

.4135
.3444

.8627
.1021

.3986
.2893

.8500
-0949

.0958
.0782

.0077
.0067

66.
.871

17

73

29

-000
-003

199

.244
.718

-7398
70.

6105

-5571
41.

1663

.2014
-1557

-4504
.6281

-9825
-1259

-5128
-1036

-9599
-1173

-5565
-0888

-0908
-0490

-0037
-0205

27

15

-000
.842

.348
.401

.874
-437

-9560
170.

1666

-4583
57.

6571

-5063
.6706

-2356
.8784

.4584
-3696

-3316
-4582

-4829
-1984

-3525
-2906

-0902
-0329

-0024
-0223

10.
196.

11.
56.

.000
.796

.095
.790

.694
.722

4772
9461

1173
0787

.2374
.0813

.1694
.8543

.9163
.2274

.1868
.0603

.9079
.8080

.2060
.0078

.0838
.0870

.0014
.0174



AVERAGES 22.5526 17.9315 14.8102
0.6113 0.4597 0.7499
STD. DEVIATIONS 8.3496 7.4634 4.8729
0.8397 1.0255 1.2501

DAILY AVERAGE HEAD ON TOP OF LAYER 6
AVERAGES 0.0030 0.0029 0.0024
0.0006 0.0005 0.0003
STD. DEVIATIONS 0.0009 0.0010 0.0008
0.0001 0.0001 0.0001

DAILY AVERAGE HEAD ON TOP OF LAYER 8
AVERAGES 0.1452 0.1468 0.1194
0.0308 0.0215 0.0149
STD. DEVIATIONS 0.0446 0.0481 0.0423
0.0067 0.0050 0.0049

.6702 3.
.0344 20
-4753 1.
.6841 6.
.0020 O.
-.0001 O.
.0005 O.
.0001 oO.
-.1008 O.
.0058 0.
.0286 0.
-.0044 0.

1810

-0066

7589
7776

0014
0004

0003
0005

0738
0102

0176
0150

1.2319
.4089

1.3071
6.3795

0.0009
0.0022

0.0002
0.0010

0.0467
0.0900

0.0106
0.0502
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AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS

1 THROUGH 100

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

LATERAL DRAINAGE COLLECTED
FROM LAYER 2

PERCOLAT ION/LEAKAGE THROUGH

MM
1485.94  ( 190.257)
52.886  (114.1105)
379.329  ( 55.0845)

1037.69824 (180.34677)

16.75417 ( 2.74737)

14859.4

528.86

3793.29

10376.98

167.54

2

2

25.528

69.83460

1.12752



LAYER 3

AVERAGE HEAD ON TOP 100.540 (  17.590)
OF LAYER 3

PERCOLAT ION/LEAKAGE THROUGH 16.78025 ( 2.82458) 167.803 1.12927
LAYER 6

AVERAGE HEAD ON TOP 0.014 ( 0.002)
OF LAYER 6

LATERAL DRAINAGE COLLECTED 15.81461 ( 2.77709) 158.146 1.06429
FROM LAYER 7

PERCOLAT ION/LEAKAGE THROUGH 0.96615 ( 0.03470) 9.662 0.06502
LAYER 8

AVERAGE HEAD ON TOP 0.672 ( 0.119)
OF LAYER 8

CHANGE IN WATER STORAGE -0.757 ( 2.5401) -7.57 -0.051
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AEAEAAAAAAEAAEAAAEAAAAAAAXAAAAAXAAXAAXAAAXAAXAXAAXAAXAAAAAXAAAAAAAXAAXAAAAAXAAAAAAAAAXAAAAAdAdk

PEAK DAILY VALUES FOR YEARS 1 THROUGH 100

(MM) (CU. METERS)
PRECIPITATION 128.00 1289.000
RUNOFF 84.875 848.7458
DRAINAGE COLLECTED FROM LAYER 2 22_22717 222_27165
PERCOLATION/LEAKAGE THROUGH LAYER 3 0.320248 3.20248
AVERAGE HEAD ON TOP OF LAYER 3 735.327
MAXIMUM HEAD ON TOP OF LAYER 3 985.790
LOCATION OF MAXIMUM HEAD IN LAYER 2

(DISTANCE FROM DRAIN) 11.3 METERS
PERCOLATION/LEAKAGE THROUGH LAYER 6 0.317653 3.17653
AVERAGE HEAD ON TOP OF LAYER 6 0.084
DRAINAGE COLLECTED FROM LAYER 7 0.21372 2.13717
PERCOLAT ION/LEAKAGE THROUGH LAYER 0.004017 0.04017
AVERAGE HEAD ON TOP OF LAYER 8 3.299
MAXIMUM HEAD ON TOP OF LAYER 8 6.390
LOCATION OF MAXIMUM HEAD IN LAYER
(DISTANCE FROM DRAIN) 2.5 METERS

SNOW WATER 341.73 3417.2583
MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.4370
MINIMUM VEG. SOIL WATER (VOL/VOL) 0.0355

***  Maximum heads are computed using McEnroe"s equations. ***

Reference:

Maximum Saturated Depth over Landfill Liner

by Bruce M. McEnroe, University of Kansas
ASCE Journal of Environmental Engineering
Vol. 119, No. 2, March 1993, pp. 262-270.
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FINAL WATER STORAGE AT END OF YEAR 100

LAYER @) (VOL/VOL)
1 ' 6.5550 0.4370
2 8.1823 0.1364
3 0.4500 0.7500
4 1.6144 0.1076
5 700.8000 0.2920
6 0.0000 0.0000
7 1.0047 0.0335
8 0.4500 0.7500
SNOW WATER 0.000

AEAEAAEAAEAAEAAAAAEAAAAAAAXAAAAAXAAXAAXAXAAXAAXAAAXAAXAAAAAXAAAAAAAXAAXAAAAAXAAAAAAAAAXAAXAAAdAXkX
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**x **
*x HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE *x
*x HELP MODEL VERSION 3.07 (1 NOVEMBER 1997) *x
** DEVELOPED BY ENVIRONMENTAL LABORATORY el
** USAE WATERWAYS EXPERIMENT STATION el
** FOR USEPA RISK REDUCTION ENGINEERING LABORATORY el
*x **
**x **
KAEAAEIXAAAAAAAA A AKX AKX AAXAAAIAEATEAAEITAAAAAAAAXAXAAAAAAITAAIAAAAAAAXAAXAAAAAAAAXAAAAXAAAAAAAAAXAKAK
KAEAAEIXEAAEAAAAAAXAAXA AKX AAXAAAIAEITEAAEITAAAAXAAAAXAAXAAAXAAITAEAAXAAAAAAXAAXAAAAAXXAAXAAAAAAAAAAAAAXNKAK
PRECIPITATION DATA FILE: C:\HELP3\88877PF.D4

TEMPERATURE DATA FILE: C:\HELP3\88877TF.D7

SOLAR RADIATION DATA FILE: C:\HELP3\88877SRF.D13

EVAPOTRANSPIRATION DATA: C:\HELP3\88877ETF.D11

SOIL AND DESIGN DATA FILE: C:\HELP3\88877F03.D10

OUTPUT DATA FILE: C:\HELP3\88877F03.0UT

TIME: 18:31 DATE: 3/20/2018
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TITLE: Upland Landfill - Final Cover DOCP, Poor Liner
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NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE
COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM.

LAYER 1

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 4

15.00 CM

0.4370 VOL/VOL

0.1050 VOL/VOL

0.0470 VOL/VOL

0.1785 VOL/VOL

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT



EFFECTIVE SAT. HYD. COND. = 0.170000002000E-02 CM/SEC
NOTE: SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY 4.63
FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE.

LAYER 2

TYPE 2 - LATERAL DRAINAGE LAYER
MATERIAL TEXTURE NUMBER 2
60.00 CM
0.4370 VOL/VOL
0.0620 VOL/VOL
0.0240 VOL/VOL
0.3227 VOL/VOL
0.579999993000E-02 CM/SEC
10.00  PERCENT
35.0 METERS

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.
SLOPE

DRAINAGE LENGTH

LAYER 3

TYPE 3 - BARRIER SOIL LINER
MATERIAL TEXTURE NUMBER 17

0.60 CM

0.7500 VOL/VOL

0.7470 VOL/VOL

0.4000 VOL/VOL

0.7500 VOL/VOL
0.300000003000E-08 CM/SEC

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

LAYER 4

TYPE 1 - VERTICAL PERCOLATION LAYER

MATERIAL TEXTURE NUMBER 2

15.00 CM

0.4370 VOL/VOL

0.0620 VOL/VOL

0.0240 VvOL/VOL

0.1250 VOL/VOL
0.579999993000E-02 CM/SEC

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.



LAYER 5

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 18
2400.00 CM
0.6710 VOL/VOL
0.2920 VOL/VOL
0.0770 VOL/VOL
0.2920 VOL/VOL
0.100000005000E-02 CM/SEC

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

TYPE 4 - FLEXIBLE MEMBRANE LINER
MATERIAL TEXTURE NUMBER 20
0.50 CM
0.0000 VOL/VOL
0.0000 VOL/VOL
0.0000 VOL/VOL
0.0000 VOL/VOL
10.0000000000 CM/SEC
2.00 HOLES/HECTARE
12.00  HOLES/HECTARE
4 - POOR

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.
FML PINHOLE DENSITY

FML INSTALLATION DEFECTS
FML PLACEMENT QUALITY

LAYER 7

TYPE 2 - LATERAL DRAINAGE LAYER
MATERIAL TEXTURE NUMBER 21
30.00 CM
0.3970 VOL/VOL
0.0320 VOL/VOL
0.0130 VvOL/VOL
0.0337 VOL/VOL
0.300000012000 CM/SEC
1.00 PERCENT
80.0 METERS

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.
SLOPE

DRAINAGE LENGTH

TYPE 4 - FLEXIBLE MEMBRANE LINER



MATERIAL TEXTURE NUMBER 35

0.15 CM

0.0000 VOL/VOL

0.0000 VOL/VOL

0.0000 VOL/VOL

0.0000 VOL/VOL
0.199999996000E-12 CM/SEC

2.00 HOLES/HECTARE

12.00 HOLES/HECTARE
4 - POOR

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.
FML PINHOLE DENSITY

FML INSTALLATION DEFECTS
FML PLACEMENT QUALITY

LAYER 9

TYPE 3 - BARRIER SOIL LINER
MATERIAL TEXTURE NUMBER 17

0.60 CM

0.7500 VOL/VOL

0.7470 VOL/VOL

0.4000 VOL/VOL

0.7500 VOL/VOL
0.300000003000E-08 CM/SEC

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

GENERAL DESIGN AND EVAPORATIVE ZONE DATA

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT
SOIL DATA BASE USING SOIL TEXTURE # 4 WITH A
GOOD STAND OF GRASS, A SURFACE SLOPE OF 10.%
AND A SLOPE LENGTH OF  35. METERS.

SCS RUNOFF CURVE NUMBER
FRACTION OF AREA ALLOWING RUNOFF
AREA PROJECTED ON HORIZONTAL PLANE

56.00
100.0 PERCENT
1.0000 HECTARES

EVAPORATIVE ZONE DEPTH = 30.0 CM
INITIAL WATER IN EVAPORATIVE ZONE = 5.060 CM
UPPER LIMIT OF EVAPORATIVE STORAGE = 13.110 CM
LOWER LIMIT OF EVAPORATIVE STORAGE = 1.065 CM
INITIAL SNOW WATER = 0.000 CM
INITIAL WATER IN LAYER MATERIALS = 726.627 CM
TOTAL INITIAL WATER = 726.627 CM
TOTAL SUBSURFACE INFLOW = 0.00 MM/YR

EVAPOTRANSPIRATION AND WEATHER DATA



NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM
Campbell River British Columbia

STATION LATITUDE 49 .95 DEGREES

MAXIMUM LEAF AREA INDEX = 3.50
START OF GROWING SEASON (JULIAN DATE) = 91

END OF GROWING SEASON (JULIAN DATE) = 305
EVAPORATIVE ZONE DEPTH = 30.0 CM
AVERAGE ANNUAL WIND SPEED = 8.00 KPH
AVERAGE 1ST QUARTER RELATIVE HUMIDITY = 84.10 %
AVERAGE 2ND QUARTER RELATIVE HUMIDITY = 72.47 %
AVERAGE 3RD QUARTER RELATIVE HUMIDITY = 71.95 %
AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 87.08 %

NOTE: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR OLYMPIA WASHINGTON

NORMAL MEAN MONTHLY PRECIPITATION (MM)

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
217.5 149.5 140.0 92.1 68.4 62.9
39.4 44.6 55.2 162.2 231.9 225.7

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR OLYMPIA WASHINGTON

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES CELSIUS)

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
2.4 3.2 5.2 8.0 11.6 14.7
17.3 17.2 13.7 8.6 4.4 2.1

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR OLYMPIA WASHINGTON
AND STATION LATITUDE = 49.95 DEGREES
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AVERAGE MONTHLY VALUES (MM) FOR YEARS

PRECIPITATION
TOTALS 216.01 144 .89
37.45 39.26
STD. DEVIATIONS 63.32 48.38
28.36 30.28
RUNOFF
TOTALS 21.382 20.117
0.000 0.000
STD. DEVIATIONS 61.417 62.057
0.000 0.000
EVAPOTRANSP IRATION
TOTALS 6.991 10.459
36.757 32.885
STD. DEVIATIONS 2.382 4.007

24.988 20.829

LATERAL DRAINAGE COLLECTED FROM LAYER 2

TOTALS 198.2982 143.5541
5.3721 4.0402

STD. DEVIATIONS 73.5734 59.6388
7.3795 9.0126

PERCOLATION/LEAKAGE THROUGH LAYER 3

TOTALS 3.1005 2.2607
STD. DEVIATIONS 1.1182 0.9087
0.1124 0.1378

PERCOLATION/LEAKAGE THROUGH LAYER 6

TOTALS 3.1055 2.6911

STD. DEVIATIONS 0.9502 0.8980

142.
52.

46.
30.

130.
6.

42.
10.

48
65

44
04

.223
.000

.268
.000

.089
.444

.824
.091

1599
3776

8260
6322

.0637
.1732

.6526
.1632

.4135
.3444

.8627
.1021

1 THROUGH 100

66.
.871

17

73

29

.27
-86

-98
.74

-000
-000

-000
-003

199

.244
.718

-7398
70.

6105

-5571
41.

1663

.2014
-1557

-4504
.6281

-9825
-1259

-5128
-1036

27

15
57

-19
.02

77
.24

-000
-140

-000
.842

.348
.401

.874
-437

-9560
170.

1666

-4583
.6571

-5063
-6706

-2356
.8784

.4584
-3696

-3316
.4582

10.
196.

11.
56.

.06
.79

.53
.47

.000
.023

.000
.796

.095
.790

.694
.722

4772
9461

1173
0787

.2374
.0813

.1694
.8543

.9163
.2274

.1868
.0603



LATERAL DRAINAGE COLLECTED FROM LAYER 7

TOTALS 3.0155
0.7034
STD. DEVIATIONS 0.9012
0.1349

TOTALS 0.0001
0.0000
STD. DEVIATIONS 0.0000
0.0000

.4950
.3679

.8567
.0983

.0001
.0000

.0000
.0000

.0511
.1767

-5604
-1032

-0001
-0000

-0000
-0000

.5738
.2255

-3550
-3019

-0000
-0000

-0000
-0000

.9922
.8878

.2075
.0230

.0000
.0001

.0000
.0000

AVERAGES 22.5526
0.6113
STD. DEVIATIONS 8.3496
0.8397

17.9315
0.4597

7.4634
1.0255

DAILY AVERAGE HEAD ON TOP OF LAYER 6

AVERAGES 0.0030
0.0006
STD. DEVIATIONS 0.0009
0.0001

AVERAGES 0.1501
0.0350
STD. DEVIATIONS 0.0449

14.
. 7499

o

4.
1.2501

[eNe]

8102

8729

.0024
.0003

.0008
.0001

.1242
.0189

.0427
.0051

.6702
.0344

-4753
.6841

-0020
-0001

-0005
-0001

-1055
-0088

-0288
-0051

-1810
20.

0066

-7589
7776

-0014
-0004

-0003
-0005

.0784
-0116

.0177
-0155

.2319
.4089

.3071
.3795

.0009
.0022

.0002
.0010

.0510
.0940

.0107
.0509
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AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 100

MM CU. METERS PERCENT
PRECIPITATION 1485.94 ( 190.257) 14859.4 100.00
RUNOFF 52.886 (114.1105) 528.86 3.559
EVAPOTRANSPIRATION 379.329 ( 55.0845) 3793.29 25.528
LATERAL DRAINAGE COLLECTED 1037.69824 (180.34677) 10376.982  69.83460
FROM LAYER 2
PERCOLAT ION/LEAKAGE THROUGH 16.75417 ( 2.74737) 167.542 1.12752
LAYER 3
AVERAGE HEAD ON TOP 100.540 (  17.590)
OF LAYER 3
PERCOLAT ION/LEAKAGE THROUGH 16.78025 ( 2.82458) 167.803 1.12927
LAYER 6
AVERAGE HEAD ON TOP 0.014 ( 0.002)
OF LAYER 6
LATERAL DRAINAGE COLLECTED 16.78024 ( 2.80397) 167.802 1.12927
FROM LAYER 7
PERCOLAT ION/LEAKAGE THROUGH 0.00052 ( 0.00007) 0.005 0.00004
LAYER 9
AVERAGE HEAD ON TOP 0.712 ( 0.120)
OF LAYER 8

CHANGE IN WATER STORAGE -0.757 ( 2.5401) -7.57 -0.051

AEEAEETAEAAEAA AL AEAAEAAA A A A AAAAAAAAAAAXAAAXAAXAAAAAXAAXAAXAAAAALAAXAAAAAXAAXAAAAAXAAXAAAAAAAAAXAX
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PEAK DAILY VALUES FOR YEARS 1 THROUGH 100

(MM) (CU. METERS)
PRECIPITATION 128.00 1289.000
RUNOFF 84.875 848.7458
DRAINAGE COLLECTED FROM LAYER 2 22_22717 222_27165
PERCOLATION/LEAKAGE THROUGH LAYER 3 0.320248 3.20248
AVERAGE HEAD ON TOP OF LAYER 3 735.327
MAXIMUM HEAD ON TOP OF LAYER 3 985.790
LOCATION OF MAXIMUM HEAD IN LAYER 2

(DISTANCE FROM DRAIN) 11.3 METERS
PERCOLATION/LEAKAGE THROUGH LAYER 6 0.317653 3.17653
AVERAGE HEAD ON TOP OF LAYER 6 0.084
DRAINAGE COLLECTED FROM LAYER 7 0.21737 2.17370
PERCOLAT ION/LEAKAGE THROUGH LAYER 0.000006 0.00006
AVERAGE HEAD ON TOP OF LAYER 8 3.355
MAXIMUM HEAD ON TOP OF LAYER 8 6.496
LOCATION OF MAXIMUM HEAD IN LAYER
(DISTANCE FROM DRAIN) 2.5 METERS

SNOW WATER 341.73 3417.2583
MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.4370
MINIMUM VEG. SOIL WATER (VOL/VOL) 0.0355

***  Maximum heads are computed using McEnroe"s equations. ***

Reference:

Maximum Saturated Depth over Landfill Liner

by Bruce M. McEnroe, University of Kansas
ASCE Journal of Environmental Engineering
Vol. 119, No. 2, March 1993, pp. 262-270.
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FINAL WATER STORAGE AT END OF YEAR 100

LAYER @) (VOL/VOL)
1 ' 6.5550 0.4370
2 8.1823 0.1364
3 0.4500 0.7500
4 1.6144 0.1076
5 700.8000 0.2920
6 0.0000 0.0000
7 1.0066 0.0336
8 0.0000 0.0000
9 0.4500 0.7500

SNOW WATER 0.000

AEAEAAAAEAAEAAAAAEAAAAAAAXAAAAAXAAXAAXAAAXAAXAXAAXAAXAAAAAXAAAAAAAXAAXAAAAAXAAAAAAAAAXAAXAAAXAXkX
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**x **
*x HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE *x
*x HELP MODEL VERSION 3.07 (1 NOVEMBER 1997) *x
** DEVELOPED BY ENVIRONMENTAL LABORATORY el
** USAE WATERWAYS EXPERIMENT STATION el
** FOR USEPA RISK REDUCTION ENGINEERING LABORATORY el
*x **
**x **
KAEAAEIXAAAAAAAA A AKX AKX AAXAAAIAEATEAAEITAAAAAAAAXAXAAAAAAITAAIAAAAAAAXAAXAAAAAAAAXAAAAXAAAAAAAAAXAKAK
KAEAAEIXEAAEAAAAAAXAAXA AKX AAXAAAIAEITEAAEITAAAAXAAAAXAAXAAAXAAITAEAAXAAAAAAXAAXAAAAAXXAAXAAAAAAAAAAAAAXNKAK
PRECIPITATION DATA FILE: C:\HELP3\88877PI1.D4

TEMPERATURE DATA FILE: C:\HELP3\88877TIl .D7

SOLAR RADIATION DATA FILE: C:\HELP3\88877SRI.D13

EVAPOTRANSPIRATION DATA: C:\HELP3\88877ETI .D11

SOIL AND DESIGN DATA FILE: C:\HELP3\888771F4.D10

OUTPUT DATA FILE: C:\HELP3\888771F4.0UT

TIME: 18:12 DATE: 3/20/2018
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TITLE: Upland Landfill - Intermediate Cover HDPE Failure, 2nd Liner

R R R R e R R R R e R R R R AR AR AR AR SR AR AR R R R R R AR R AR R AR AR AR AR R AR R R R AR R R R R AR R R R R R R AR AR AR AR R R AR R R R R AR AR R R A

NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE
COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM.

LAYER 1

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 2

25.00 CM

0.4370 VOL/VOL

0.0620 VOL/VOL

0.0240 VOL/VOL

0.1416 VOL/VOL

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT



EFFECTIVE SAT. HYD. COND. = 0.579999993000E-02 CM/SEC

LAYER 2

TYPE 3 - BARRIER SOIL LINER
MATERIAL TEXTURE NUMBER 2

5.00 CM

0.4370 VOL/VOL

0.0620 VOL/VOL

0.0240 VvVOL/VOL

0.4370 VOL/VOL
0.579999993000E-02 CM/SEC

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

LAYER 3

TYPE 1 - VERTICAL PERCOLATION LAYER

MATERIAL TEXTURE NUMBER 18
2400.00 CM

0.6710 VOL/VOL

0.2920 VOL/VOL

0.0770 VOL/VOL

0.3168 VOL/VOL
0.100000005000E-02 CM/SEC

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

TYPE 4 - FLEXIBLE MEMBRANE LINER
MATERIAL TEXTURE NUMBER 20
0.50 CM
0.0000 VOL/VOL
0.0000 VOL/VOL
0.0000 VOL/VOL
0.0000 VOL/VOL
10.0000000000 CM/SEC
2.00 HOLES/HECTARE
6.00 HOLES/HECTARE
3 - GOOD

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.
FML PINHOLE DENSITY

FML INSTALLATION DEFECTS
FML PLACEMENT QUALITY

LAYER 5



TYPE 2 - LATERAL DRAINAGE LAYER
MATERIAL TEXTURE NUMBER 21
30.00 CM
0.3970 VOL/VOL
0.0320 VOL/VOL
0.0130 VvOL/VOL
0.0376 VOL/VOL
0.300000012000
1.00 PERCENT
80.0 METERS

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.
SLOPE

DRAINAGE LENGTH

LAYER 6

TYPE 3 - BARRIER SOIL LINER
MATERIAL TEXTURE NUMBER 17
0.60 CM
0.7500 VOL/VOL
0.7470 VOL/VOL
0.4000 VOL/VOL
0.7500 VOL/VOL
0.300000003000E-08

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

LAYER 7

TYPE 2 - LATERAL DRAINAGE LAYER
MATERIAL TEXTURE NUMBER 2
30.00 CM
0.4370 VOL/VOL
0.0620 VOL/VOL
0.0240 VvOL/VOL
0.0686 VOL/VOL
0.579999993000E-02
2.00  PERCENT
150.0 METERS

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.
SLOPE

DRAINAGE LENGTH

TYPE 4 - FLEXIBLE MEMBRANE LINER
MATERIAL TEXTURE NUMBER 35
THICKNESS = 0.15 CM

CM/SEC

CM/SEC

CM/SEC



POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.
FML PINHOLE DENSITY

FML INSTALLATION DEFECTS
FML PLACEMENT QUALITY

0.0000 VOL/VOL

0.0000 VOL/VOL

0.0000 VOL/VOL

0.0000 VOL/VOL
0.199999996000E-12 CM/SEC

2.00 HOLES/HECTARE

6.00 HOLES/HECTARE
3 - GOOD

LAYER 9

TYPE 3 - BARRIER SOIL LINER
MATERIAL TEXTURE NUMBER 17

0.60 CM

0.7500 VOL/VOL

0.7470 VOL/VOL

0.4000 VOL/VOL

0.7500 VOL/VOL
0.300000003000E-08 CM/SEC

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

GENERAL DESIGN AND EVAPORATIVE ZONE DATA

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT
SOIL DATA BASE USING SOIL TEXTURE # 2 WITH BARE
GROUND CONDITIONS, A SURFACE SLOPE OF 10.% AND
A SLOPE LENGTH OF  35. METERS.

SCS RUNOFF CURVE NUMBER
FRACTION OF AREA ALLOWING RUNOFF
AREA PROJECTED ON HORIZONTAL PLANE

81.70
100.0 PERCENT
1.0000 HECTARES

EVAPORATIVE ZONE DEPTH = 25.0 CM
INITIAL WATER IN EVAPORATIVE ZONE = 3.540 CM
UPPER LIMIT OF EVAPORATIVE STORAGE = 10.925 CM
LOWER LIMIT OF EVAPORATIVE STORAGE = 0.600 CM
INITIAL SNOW WATER = 0.000 CM
INITIAL WATER IN LAYER MATERIALS = 770.119 CM
TOTAL INITIAL WATER = 770.119 CM
TOTAL SUBSURFACE INFLOW = 0.00 MM/YR

EVAPOTRANSPIRATION AND WEATHER DATA



NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM
Campbell River British Columbia

STATION LATITUDE 49 .95 DEGREES

MAXIMUM LEAF AREA INDEX = 0.00
START OF GROWING SEASON (JULIAN DATE) = 91

END OF GROWING SEASON (JULIAN DATE) = 305
EVAPORATIVE ZONE DEPTH = 25.0 CM
AVERAGE ANNUAL WIND SPEED = 8.00 KPH
AVERAGE 1ST QUARTER RELATIVE HUMIDITY = 84.10 %
AVERAGE 2ND QUARTER RELATIVE HUMIDITY = 72.47 %
AVERAGE 3RD QUARTER RELATIVE HUMIDITY = 71.95 %
AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 87.08 %

NOTE: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR OLYMPIA WASHINGTON

NORMAL MEAN MONTHLY PRECIPITATION (MM)

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
217.5 149.5 140.0 92.1 68.4 62.9
39.4 44.6 55.2 162.2 231.9 225.7

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR OLYMPIA WASHINGTON

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES CELSIUS)

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
2.4 3.2 5.2 8.0 11.6 14.7
17.3 17.2 13.7 8.6 4.4 2.1

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR OLYMPIA WASHINGTON
AND STATION LATITUDE = 49.95 DEGREES

AEEAEETAEAAEAAAETAEAAEAAA A A A AAAAXAAAAXAAAXAAAAAAAAAAXAAXAAXAAAAAXAAXAAAAAXAAXAAAAAXAAXAAAAAAAAAXLX

AVERAGE MONTHLY VALUES (MM) FOR YEARS 1 THROUGH 100



PRECIPITATION
TOTALS 216.01
37.45
STD. DEVIATIONS 63.32
28.36
RUNOFF
TOTALS 31.887
0.222
STD. DEVIATIONS 62.872
0.761
EVAPOTRANSP IRATION
TOTALS 7.259
31.708
STD. DEVIATIONS 2.842
20.687

144 .89
39.26

48.38
30.28

24.870
0.399

63.609
2.229

10.995
27.282

4.575
19.099

PERCOLATION/LEAKAGE THROUGH LAYER 2

TOTALS 186.6601
10.1460
STD. DEVIATIONS 81.1768
13.5229

125.6402
8.7020

64.1526
12.9562

PERCOLATION/LEAKAGE THROUGH LAYER 4

TOTALS 58.0651
111.2840

STD. DEVIATIONS 23.8355
21.2783

LATERAL DRAINAGE COLLECTED FROM
TOTALS 54.2613
112.8487

STD. DEVIATIONS 23.4180
20.3881

76.8939
99.9794

30.0348
21.2336

LAYER 5

73.3592
101.0570

26.8001
21.6544

PERCOLATION/LEAKAGE THROUGH LAYER 6

142.
52.

46.
30.

111.
15.

46.
16.

96.
80.

33.
20.

92.
82.

29.
19.

48
65

44
04

.887
.102

.642
-500

.327
.370

.141
-596

8985
9593

8856
5228

6407
1117

1503
0711

7060
7143

4715
3005

65.
21.

45.
.3714

123

29

124.
47.

32
16

117

31
17

.27
-86

-98
.74

-496
-164

-150
.004

831
141

.974
.743

9513

-5841
60.

4221

7807
1365

.2252
-7919

-4078
54.

8109

-4007
-9345

15
185

15.
.0770

63

140.
-8381

32

27
13

139
32

28
12

-19
.02

77
.24

.262
-299

.918
.912

.276
-928

-883
.608

-3922
-9916

6416

4466

-5298
.2887

-5856
-8243

-0702
.5164

12.
187.

14.
70.

120.
42.

22.
17.

122.
39.

23.
14.

.06
.79

.53
.47

.200
.928

-540
.191

.516
.318

-160
.028

4864
6318

4724
4321

9064
9325

7987
5842

9260
5423

4989
7287



TOTALS 0.4421 0.5624

STD. DEVIATIONS 0.1561 0.1788

LATERAL DRAINAGE COLLECTED FROM LAYER 7

TOTALS 0.5994 0.5398

STD. DEVIATIONS 0.0760 0.0674

TOTALS 0.0001 0.0001

STD. DEVIATIONS 0.0000 0.0000

.6985
.6293

.1965
.1287

.5987
.6919

.0717
.0723

.0001
.0001

.0000
.0000

0.8606
0.4457

0.2094
0.1198

0.5978
0.6997

0.0664
0.0757

0.0001
0.0001

0.0000
0.0000

-0111
-2966

.1872
-0835

.6542
.6420

-0689
-0709

-0001
-0001

-0000
-0000

.8974
.3440

.1567
.0982

.6655
.6276

.0680
.0690

.0001
.0001

.0000
.0000

AVERAGES 2.7016  4.0066

STD. DEVIATIONS 1.1660 1.4561

oo

A~ b

O r

.1275
.0175

.0588
.0184

.1030
.0881

.0350
.0221

.6158
.2556

.4674
-9930

0.0505
0.1250

0.0325
0.0620

0.1373
0.0510

0.0355
0.0177

6.0405
2.7290

1.6155
0.8929

.0167
-1970

.0168
.0702

-1495
-0373

-0293
-0143

-9498
-6888

-3976
.6440

.0135
.1944

.0157
.0736

.1331
.0469

.0250
.0182

.3244
.9688

.2090
.7333



DAILY AVERAGE HEAD ON TOP OF LAYER 8

1.4303 1.4460
1.7292 1.7267

AVERAGES 1.4475
1.7076
STD. DEVIATIONS 0.1835
0.1715

0.1756 0.1732
0.1758 0.1805

1.4918
1.6899

0.1657
0.1829

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS

PRECIPITATION
RUNOFF
EVAPOTRANSP IRATION

PERCOLAT ION/LEAKAGE THROUGH
LAYER 2

AVERAGE HEAD ON TOP
OF LAYER 2

PERCOLAT ION/LEAKAGE THROUGH
LAYER 4

AVERAGE HEAD ON TOP
OF LAYER 4

LATERAL DRAINAGE COLLECTED
FROM LAYER 5

PERCOLAT ION/LEAKAGE THROUGH
LAYER 6

AVERAGE HEAD ON TOP
OF LAYER 6

LATERAL DRAINAGE COLLECTED
FROM LAYER 7

PERCOLAT ION/LEAKAGE THROUGH
LAYER 9

355.

1029

1032

1024.

43.

.716

950

-83081

1919 (

-01562

1937 (

04333

-77460

276 (

- 73966

-00163

( 190.257)
(120.3010)
( 51.2605)

(173.63248)

0.145)

(152.68977)

0.138)

(149.77515)

( 0.99879)

6.318)

( 0.75371)

( 0.00017)

1.5798
1.6022

0.1663
0.1770

1.6609
1.5156

0.1698
0.1666
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1 THROUGH 100

14859.4

9

3559.

10298.

10320.

10240.

97.

77

77

16

50

309

156

434

.746

-397

.016

69.30514

69.45217

68.91566

0.52321

0.52086

0.00011



AVERAGE HEAD ON TOP 15.856 ( 1.544)
OF LAYER 8

CHANGE IN WATER STORAGE -1.514 ( 7.2416) -15.14 -0.102
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PEAK DAILY VALUES FOR YEARS 1 THROUGH 100

(MM) (CU. METERS)
PRECIPITATION 128.00 1289.000
RUNOFF 86.028 860.2754
PERCOLATION/LEAKAGE THROUGH LAYER 2 69.487221 694.87219
AVERAGE HEAD ON TOP OF LAYER 2 53.465
PERCOLATION/LEAKAGE THROUGH LAYER 4 8.388575 83.88574
AVERAGE HEAD ON TOP OF LAYER 4 2.770
DRAINAGE COLLECTED FROM LAYER 5 7.34898 73.48981
PERCOLATION/LEAKAGE THROUGH LAYER 6 0.051592 0.51592
AVERAGE HEAD ON TOP OF LAYER 6 113.429
MAXIMUM HEAD ON TOP OF LAYER 6 163.361
LOCATION OF MAXIMUM HEAD IN LAYER 5

(DISTANCE FROM DRAIN) 22_4 METERS
DRAINAGE COLLECTED FROM LAYER 7 0.02808 0.28082
PERCOLATION/LEAKAGE THROUGH LAYER 9 0.000006 0.00006
AVERAGE HEAD ON TOP OF LAYER 8 21.024
MAXIMUM HEAD ON TOP OF LAYER 8 40.090
LOCATION OF MAXIMUM HEAD IN LAYER 7
(DISTANCE FROM DRAIN) 6.9 METERS

SNOW WATER 341.73 3417.2583
MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.3710
MINIMUM VEG. SOIL WATER (VOL/VOL) 0.0240

***  Maximum heads are computed using McEnroe"s equations. ***

Reference: Maximum Saturated Depth over Landfill Liner
by Bruce M. McEnroe, University of Kansas
ASCE Journal of Environmental Engineering
Vol. 119, No. 2, March 1993, pp. 262-270.
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AEAEAAAAAAEAAEAAAEAAAAAAAXAAAAAXAAXAAXAAAXAAXAXAAXAAXAAAAAXAAAAAAAXAAXAAAAAXAAAAAAAAAXAAAAAdAdk

FINAL WATER STORAGE AT END OF YEAR 100

LAYER @) (VOL/VOL)
1 7.9385 0.3175
2 2.1850 0.4370
3 738.4622 0.3077
4 0.0000 0.0000
5 3.1061 0.1035
6 0.4500 0.7500
7 2.3897 0.0797
8 0.0000 0.0000
9 0.4500 0.7500

SNOW WATER 0.000

AEAEAAAAEAAEAAAAAEAAAAAAAXAAAAAXAAXAAXAAAXAAXAXAAXAAXAAAAAXAAAAAAAXAAXAAAAAXAAAAAAAAAXAAXAAAXAXkX
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AEAEAAAAEAAEAAEAAAEAAAAAAAXAAAAAXAAXAAXAAAXAAXAAAXAAXAAAAAXAAAAAXAAXAAXAAAAAXAAAAAAAAAXAAAAAdAXkh

R R R e R R R e R R R R R AR AR AR AR AR AR AR AR R AR R R AR R R AR AR AR AR R R R AR AR R R R R R R R AR AR R AR R R R R R R R R R A AR R R A

**x **
*x HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE *x
*x HELP MODEL VERSION 3.07 (1 NOVEMBER 1997) *x
** DEVELOPED BY ENVIRONMENTAL LABORATORY el
** USAE WATERWAYS EXPERIMENT STATION el
** FOR USEPA RISK REDUCTION ENGINEERING LABORATORY el
*x **
**x **
KAEAAEIXAAAAAAAA A AKX AKX AAXAAAIAEATEAAEITAAAAAAAAXAXAAAAAAITAAIAAAAAAAXAAXAAAAAAAAXAAAAXAAAAAAAAAXAKAK
KAEAAEIXEAAEAAAAAAXAAXA AKX AAXAAAIAEITEAAEITAAAAXAAAAXAAXAAAXAAITAEAAXAAAAAAXAAXAAAAAXXAAXAAAAAAAAAAAAAXNKAK
PRECIPITATION DATA FILE: C:\HELP3\88877PI1.D4

TEMPERATURE DATA FILE: C:\HELP3\88877TIl .D7

SOLAR RADIATION DATA FILE: C:\HELP3\88877SRI.D13

EVAPOTRANSPIRATION DATA: C:\HELP3\88877ETI .D11

SOIL AND DESIGN DATA FILE: C:\HELP3\888771F3.D10

OUTPUT DATA FILE: C:\HELP3\888771F3.0UT

TIME: 17:54 DATE: 3/20/2018

R R T R R R e R R R R e R R R R R AR AR AR AR AR AR AR R R AR R R AR AR R AR R AR AR R R R R AR R AR R R R AR R R R e R e R R R R e R R R R R AR AR R e

TITLE: Upland Landfill - Intermediate Cover HDPE Failure
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NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE
COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM.

LAYER 1

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 2

25.00 CM

0.4370 VOL/VOL

0.0620 VOL/VOL

0.0240 VOL/VOL

0.1416 VOL/VOL

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT



EFFECTIVE SAT. HYD. COND. = 0.579999993000E-02 CM/SEC

LAYER 2

TYPE 3 - BARRIER SOIL LINER
MATERIAL TEXTURE NUMBER 2

5.00 CM

0.4370 VOL/VOL

0.0620 VOL/VOL

0.0240 VvVOL/VOL

0.4370 VOL/VOL
0.579999993000E-02 CM/SEC

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

LAYER 3

TYPE 1 - VERTICAL PERCOLATION LAYER

MATERIAL TEXTURE NUMBER 18
2400.00 CM

0.6710 VOL/VOL

0.2920 VOL/VOL

0.0770 VOL/VOL

0.3168 VOL/VOL
0.100000005000E-02 CM/SEC

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

TYPE 4 - FLEXIBLE MEMBRANE LINER
MATERIAL TEXTURE NUMBER 20
0.50 CM
0.0000 VOL/VOL
0.0000 VOL/VOL
0.0000 VOL/VOL
0.0000 VOL/VOL
10.0000000000 CM/SEC
2.00 HOLES/HECTARE
6.00 HOLES/HECTARE
3 - GOOD

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.
FML PINHOLE DENSITY

FML INSTALLATION DEFECTS
FML PLACEMENT QUALITY

LAYER 5



TYPE 2 - LATERAL DRAINAGE LAYER
MATERIAL TEXTURE NUMBER 21
30.00 CM
0.3970 VOL/VOL
0.0320 VOL/VOL
0.0130 VvOL/VOL
0.0376 VOL/VOL
0.300000012000 CM/SEC
1.00 PERCENT
80.0 METERS

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.
SLOPE

DRAINAGE LENGTH

LAYER 6

TYPE 3 - BARRIER SOIL LINER
MATERIAL TEXTURE NUMBER 17

0.60 CM

0.7500 VOL/VOL

0.7470 VOL/VOL

0.4000 VOL/VOL

0.7500 VOL/VOL
0.300000003000E-08 CM/SEC

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

GENERAL DESIGN AND EVAPORATIVE ZONE DATA

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT
SOIL DATA BASE USING SOIL TEXTURE # 2 WITH BARE
GROUND CONDITIONS, A SURFACE SLOPE OF 10.% AND
A SLOPE LENGTH OF  35. METERS.

SCS RUNOFF CURVE NUMBER
FRACTION OF AREA ALLOWING RUNOFF
AREA PROJECTED ON HORIZONTAL PLANE

81.70
100.0 PERCENT
1.0000 HECTARES

EVAPORATIVE ZONE DEPTH = 25.0 CM
INITIAL WATER IN EVAPORATIVE ZONE = 3.540 CM
UPPER LIMIT OF EVAPORATIVE STORAGE = 10.925 CM
LOWER LIMIT OF EVAPORATIVE STORAGE = 0.600 CM
INITIAL SNOW WATER = 0.000 CM
INITIAL WATER IN LAYER MATERIALS = 767.613 CM
TOTAL INITIAL WATER = 767.613 CM

TOTAL SUBSURFACE INFLOW 0.00 MM/YR



EVAPOTRANSPIRATION AND WEATHER DATA

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM
Campbell River British Columbia

STATION LATITUDE 49 .95 DEGREES

MAXIMUM LEAF AREA INDEX = 0.00
START OF GROWING SEASON (JULIAN DATE) = 91

END OF GROWING SEASON (JULIAN DATE) = 305
EVAPORATIVE ZONE DEPTH = 25.0 CM
AVERAGE ANNUAL WIND SPEED = 8.00 KPH
AVERAGE 1ST QUARTER RELATIVE HUMIDITY = 84.10 %
AVERAGE 2ND QUARTER RELATIVE HUMIDITY = 72.47 %
AVERAGE 3RD QUARTER RELATIVE HUMIDITY = 71.95 %
AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 87.08 %

NOTE: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR OLYMPIA WASHINGTON

NORMAL MEAN MONTHLY PRECIPITATION (MM)

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
217.5 149.5 140.0 92.1 68.4 62.9
39.4 44.6 55.2 162.2 231.9 225.7

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR OLYMPIA WASHINGTON

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES CELSIUS)

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
2.4 3.2 5.2 8.0 11.6 14.7
17.3 17.2 13.7 8.6 4.4 2.1

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR OLYMPIA WASHINGTON
AND STATION LATITUDE = 49.95 DEGREES



AEEEAETAEAAAA AL AEAAXAAA A A A AAAAXAAAAAAAXAAAXAAAAAAAXAAXAAXAAAAALAAXAAAXAAXAAXAAAAAXAAXAAAAAAAAAXLX

AVERAGE MONTHLY VALUES (MM) FOR YEARS

PRECIPITATION
TOTALS 216.
37
STD. DEVIATIONS 63.
28.
RUNOFF
TOTALS 31
0
STD. DEVIATIONS 62
0
EVAPOTRANSP IRAT ION
TOTALS 7
31
STD. DEVIATIONS 2
20.

01 144 .89
.45 39.26
32 48.38
36 30.28
.887 24.870
.222 0.399
.872 63.609
.761 2.229
.259 10.995
.708  27.282
.842 4.575
687 19.099

PERCOLATION/LEAKAGE THROUGH LAYER 2

TOTALS 186.
10.
STD. DEVIATIONS 81.
13.

6601 125.6402
1460 8.7020

1768 64.1526
5229 12.9562

PERCOLATION/LEAKAGE THROUGH LAYER 4

TOTALS 58.
111
STD. DEVIATIONS 23.
21

LATERAL DRAINAGE COLLECTED

TOTALS 54.
112

0651 76.8939

.2840 99.9794

8355 30.0348

.2783 21.2336

FROM LAYER 5

2613 73.3592

.8487 101.0570

142.
52.

46.
30.

111.
15.

46.
16.

96.
80.

33.
20.

92.
82.

48
65

44
04

.887
.102

.642
-500

.327
.370

.141
-596

8985
9593

8856
5228

6407
1117

1503
0711

7060
7143

1 THROUGH 100

65.
21.

45.
.3714

123

29

124.
47.

32
16

117

.27
.86

-98
.74

-496
.164

-150
.004

831
141

.974
.743

9513

-5841
60.

4221

7807
1365

.2252
-7919

-4078
54.

8109

15
185.

15
63

140.
32

27
13

139.
32

-19
.02

77
.24

.262
-299

.918
.912

.276
-928

-883
.608

-3922

9916

.6416
.0770

4466

-8381

-5298
.2887

5856

-8243

12.
187.

14.
70.

120.
42.

22.
17.

122.
39.

.06
.79

.53
.47

.200
.928

-540
.191

.516
.318

.160
.028

4864
6318

4724
4321

9064
9325

7987
5842

9260
5423



STD. DEVIATIONS 23.4180 26.8001 29.4715 31.4007 28.0702 23.4989
20.3881 21.6544 19.3005 17.9345 12.5164 14.7287

PERCOLATION/LEAKAGE THROUGH LAYER 6

TOTALS 0.4421 0.5624 0.6985 0.8606 1.0111 0.8974
0.8328 0.7542 0.6293 0.4457 0.2966 0.3440

STD. DEVIATIONS 0.1561 0.1788 0.1965 0.2094 0.1872 0.1567
0.1359 0.1444 0.1287 0.1198 0.0835 0.0982

AVERAGES 0.1967 0.1453 0.1275 0.0505 0.0167 0.0135
0.0106 0.0087 0.0175 0.1250 0.1970 0.1944

STD. DEVIATIONS 0.0803 0.0779 0.0588 0.0325 0.0168 0.0157
0.0140 0.0149 0.0184 0.0620 0.0702 0.0736

AVERAGES 0.0628 0.0903 0.1030 0.1373 0.1495 0.1331
0.1185 0.1064 0.0881 0.0510 0.0373 0.0469

.0350 0.0355 0.0293 0.0250
.0221 0.0177 0.0143 0.0182

oNe

AVERAGES 2.7016 4.0066 .6158 6.0405 6.9498 6.3244

.2556 2.7290 1.6888 1.9688

A~ D

STD. DEVIATIONS 1.1660 1.4561 .4674  1.6155 1.3976 1.2090

.9930 0.8929 0.6440 0.7333

=
o
=
a1
=
=
o
\l
(o0]
=
O r
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AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 100



MM CU. METERS PERCENT

PRECIPITATION 1485.94 ( 190.257) 14859.4 100.00
RUNOFF 99.716 (120.3010) 997.16 6.711
EVAPOTRANSPIRATION 355.950 ( 51.2605) 3559.50 23.955
PERCOLATION/LEAKAGE THROUGH 1029.83081 (173.63248) 10298.309 69.30514
LAYER 2
AVERAGE HEAD ON TOP 0.919 ( 0.145)
OF LAYER 2
PERCOLAT ION/LEAKAGE THROUGH 1032.01562 (152.68977) 10320.156 69.45217
LAYER 4
AVERAGE HEAD ON TOP 0.937 ( 0.138)
OF LAYER 4
LATERAL DRAINAGE COLLECTED 1024.04333 (149.77515) 10240.434  68.91566
FROM LAYER 5
PERCOLAT ION/LEAKAGE THROUGH 7.77460 (. 0.99879) 77.746 0.52321
LAYER 6
AVERAGE HEAD ON TOP 43.276 ( 6.318)
OF LAYER 6

CHANGE IN WATER STORAGE -1.547 ( 7.2462) -15.47 -0.104

AR R R R SR R R o R A SR AR AR R AR R AR AR R AR R AR AR R e R R e R R R R A R AR R AR SR AR AR R R R R AR A R A R R R AR AR R e e



AEAEAAAAAAEAAEAAAEAAAAAAAXAAAAAXAAXAAXAAAXAAXAXAAXAAXAAAAAXAAAAAAAXAAXAAAAAXAAAAAAAAAXAAAAAdAdk

PEAK DAILY VALUES FOR YEARS 1 THROUGH 100

(MM) (CU. METERS)
PRECIPITATION 128.00 1289.000
RUNOFF 86.028 860.2754
PERCOLATION/LEAKAGE THROUGH LAYER 2 69.487221 694.87219
AVERAGE HEAD ON TOP OF LAYER 2 53.465
PERCOLATION/LEAKAGE THROUGH LAYER 4 8.388575 83.88574
AVERAGE HEAD ON TOP OF LAYER 4 2.770
DRAINAGE COLLECTED FROM LAYER 5 7.34898 73.48981
PERCOLATION/LEAKAGE THROUGH LAYER 6 0.051592 0.51592
AVERAGE HEAD ON TOP OF LAYER 6 113.429
MAXIMUM HEAD ON TOP OF LAYER 6 163.361
LOCATION OF MAXIMUM HEAD IN LAYER 5

(DISTANCE FROM DRAIN) 22_4 METERS

SNOW WATER 341.73 3417.2583
MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.3710
MINIMUM VEG. SOIL WATER (VOL/VOL) 0.0240

***  Maximum heads are computed using McEnroe"s equations. ***

Reference: Maximum Saturated Depth over Landfill Liner
by Bruce M. McEnroe, University of Kansas
ASCE Journal of Environmental Engineering
Vol. 119, No. 2, March 1993, pp. 262-270.
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AEAEAAAAAAEAAEAAAEAAAAAAAXAAAAAXAAXAAXAAAXAAXAXAAXAAXAAAAAXAAAAAAAXAAXAAAAAXAAAAAAAAAXAAAAAdAdk

FINAL WATER STORAGE AT END OF YEAR 100

LAYER @) (VOL/VOL)
1 7.9385 0.3175
2 2.1850 0.4370
3 738.4622 0.3077
4 0.0000 0.0000
5 3.1061 0.1035
6 0.4500 0.7500
SNOW WATER 0.000

R R T R R R e R R R R R R R R R R AR AR AR AR AR AR AR R R AR R R AR AR R AR AR AR AR R R SR AR AR AR R R R AR R R R R R R R R R R R R R AR SR R S e
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AEAEAAAAEAAEAAEAAAEAAAAAAAXAAAAAXAAXAAXAAAXAAXAAAXAAXAAAAAXAAAAAXAAXAAXAAAAAXAAAAAAAAAXAAAAAdAXkh

R R R e R R R e R R R R R AR AR AR AR AR AR AR AR R AR R R AR R R AR AR AR AR R R R AR AR R R R R R R R AR AR R AR R R R R R R R R R A AR R R A

**x **
*x HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE *x
*x HELP MODEL VERSION 3.07 (1 NOVEMBER 1997) *x
** DEVELOPED BY ENVIRONMENTAL LABORATORY el
** USAE WATERWAYS EXPERIMENT STATION el
** FOR USEPA RISK REDUCTION ENGINEERING LABORATORY el
*x **
**x **
KAEAAEIXAAAAAAAA A AKX AKX AAXAAAIAEATEAAEITAAAAAAAAXAXAAAAAAITAAIAAAAAAAXAAXAAAAAAAAXAAAAXAAAAAAAAAXAKAK
KAEAAEIXEAAEAAAAAAXAAXA AKX AAXAAAIAEITEAAEITAAAAXAAAAXAAXAAAXAAITAEAAXAAAAAAXAAXAAAAAXXAAXAAAAAAAAAAAAAXNKAK
PRECIPITATION DATA FILE: C:\HELP3\88877PI1.D4

TEMPERATURE DATA FILE: C:\HELP3\88877TIl .D7

SOLAR RADIATION DATA FILE: C:\HELP3\88877SRI.D13

EVAPOTRANSPIRATION DATA: C:\HELP3\88877ETI .D11

SOIL AND DESIGN DATA FILE: C:\HELP3\88877103.D10

OUTPUT DATA FILE: C:\HELP3\88877103.0UT

TIME: 17:35 DATE: 3/20/2018

R R T R R R e R R R R e R R R R R AR AR AR AR AR AR AR R R AR R R AR AR R AR R AR AR R R R R AR R AR R R R AR R R R e R e R R R R e R R R R R AR AR R e

TITLE: Upland Landfill - Intermediate Cover DOCP, Poor Liner
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NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE
COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM.

LAYER 1

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 2

25.00 CM

0.4370 VOL/VOL

0.0620 VOL/VOL

0.0240 VOL/VOL

0.1416 VOL/VOL

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT



EFFECTIVE SAT. HYD. COND. = 0.579999993000E-02 CM/SEC

LAYER 2

TYPE 3 - BARRIER SOIL LINER
MATERIAL TEXTURE NUMBER 2

5.00 CM

0.4370 VOL/VOL

0.0620 VOL/VOL

0.0240 VvVOL/VOL

0.4370 VOL/VOL
0.579999993000E-02 CM/SEC

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

LAYER 3

TYPE 1 - VERTICAL PERCOLATION LAYER

MATERIAL TEXTURE NUMBER 18
2400.00 CM

0.6710 VOL/VOL

0.2920 VOL/VOL

0.0770 VOL/VOL

0.3168 VOL/VOL
0.100000005000E-02 CM/SEC

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

TYPE 4 - FLEXIBLE MEMBRANE LINER
MATERIAL TEXTURE NUMBER 20
0.50 CM
0.0000 VOL/VOL
0.0000 VOL/VOL
0.0000 VOL/VOL
0.0000 VOL/VOL
10.0000000000 CM/SEC
2.00 HOLES/HECTARE
12.00  HOLES/HECTARE
4 - POOR

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.
FML PINHOLE DENSITY

FML INSTALLATION DEFECTS
FML PLACEMENT QUALITY

LAYER 5



TYPE 2 - LATERAL DRAINAGE LAYER
MATERIAL TEXTURE NUMBER 21
30.00 CM
0.3970 VOL/VOL
0.0320 VOL/VOL
0.0130 VvOL/VOL
0.0377 VOL/VOL
0.300000012000 CM/SEC
1.00 PERCENT
80.0 METERS

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.
SLOPE

DRAINAGE LENGTH

TYPE 4 - FLEXIBLE MEMBRANE LINER
MATERIAL TEXTURE NUMBER 35
0.15 CM
0.0000 VOL/VOL
0.0000 VOL/VOL
0.0000 VOL/VOL
0.0000 VOL/VOL
0.199999996000E-12 CM/SEC
2.00 HOLES/HECTARE
12.00  HOLES/HECTARE
4 - POOR

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.
FML PINHOLE DENSITY

FML INSTALLATION DEFECTS
FML PLACEMENT QUALITY

TYPE 3 - BARRIER SOIL LINER
MATERIAL TEXTURE NUMBER 17

0.60 CM

0.7500 VOL/VOL

0.7470 VOL/VOL

0.4000 VOL/VOL

0.7500 VOL/VOL
0.300000003000E-08 CM/SEC

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

GENERAL DESIGN AND EVAPORATIVE ZONE DATA

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT



SOIL DATA BASE USING SOIL TEXTURE # 2 WITH BARE
GROUND CONDITIONS, A SURFACE SLOPE OF 10.% AND

A SLOPE LENGTH OF  35. METERS.

1.

3.

0.
0.

SCS RUNOFF CURVE NUMBER = 81
FRACTION OF AREA ALLOWING RUNOFF = 100.
AREA PROJECTED ON HORIZONTAL PLANE =
EVAPORATIVE ZONE DEPTH = 25
INITIAL WATER IN EVAPORATIVE ZONE =
UPPER LIMIT OF EVAPORATIVE STORAGE = 10
LOWER LIMIT OF EVAPORATIVE STORAGE =
INITIAL SNOW WATER =
INITIAL WATER IN LAYER MATERIALS = 767 .
TOTAL INITIAL WATER = 767 .
TOTAL SUBSURFACE INFLOW =

0.

70
0
0000
0
540
925
600
000
617
617
00

EVAPOTRANSPIRATION AND WEATHER DATA

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM

Campbell River

STATION LATITUDE

MAXIMUM LEAF AREA INDEX

START OF GROWING SEASON (JULIAN DATE)
END OF GROWING SEASON (JULIAN DATE)
EVAPORATIVE ZONE DEPTH

AVERAGE ANNUAL WIND SPEED

AVERAGE 1ST QUARTER RELATIVE HUMIDITY
AVERAGE 2ND QUARTER RELATIVE HUMIDITY
AVERAGE 3RD QUARTER RELATIVE HUMIDITY
AVERAGE 4TH QUARTER RELATIVE HUMIDITY

British Columbia

49
0

25.

8
84
72
71
87

PERCENT
HECTARES

CM
CM
CM
CM
CM
CM
CM

MMZYR

-95
-00
91
305
0
-00
.10
.47
-95
.08

DEGREES

CM
KPH
%
%
%
%

NOTE: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING
WASHINGTON

COEFFICIENTS FOR OLYMPIA

NORMAL MEAN MONTHLY PRECIPITATION (MM)

JAN/JUL FEB/AUG MAR/SEP APR/OCT
217.5 149.5 140.0 92.1
39.4 44.6 55.2 162.2

MAY/

NOV

JUN/DEC

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
WASHINGTON

COEFFICIENTS FOR OLYMPIA

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES CELSIUS)



06
79

53
47

200
928

540
191

516
318

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
2.4 3.2 5.2 8.0 11.6 14.7
17.3 17.2 13.7 8.6 4.4 2.1
NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR OLYMPIA WASHINGTON
AND STATION LATITUDE = 49.95 DEGREES
AAEAAAAAAAAAAAAAAAAAAAAAAXAAAAAAAAAXAAAXAAAXAAAAAAAAAAXAAAAAAAXAAAXAAAXAAAAAAAAAAAhAAAi*X
AVERAGE MONTHLY VALUES (MM) FOR YEARS 1 THROUGH 100
JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
PRECIPITATION
TOTALS 216.01 144 .89 142 .48 102.27 67.19 62.
37.45 39.26 52.65 167.86 220.02  233.
STD. DEVIATIONS 63.32 48.38 46.44 37.98 33.77 32.
28.36 30.28 30.04 68.74 74.24 69.
RUNOFF
TOTALS 31.887 24.870 4.887 0.496 0.262 0.
0.222 0.399 0.102 6.164 11.299 18.
STD. DEVIATIONS 62.872 63.609 12.642 1.150 0.918 0.
0.761 2.229 0.500 8.004 12.912 37.
EVAPOTRANSP IRAT ION
TOTALS 7.259 10.995 36.327 65.831 57.276  48.
31.708 27.282 34.370 21.141 8.928 6.
STD. DEVIATIONS 2.842 4.575 6.141 11.974 20.883  21.

20.687 19.099 17.596 4.743 1.608 2.

PERCOLATION/LEAKAGE THROUGH LAYER 2

TOTALS

186.6601 125.6402 111.8985 45.9513 15.3922 12.
10.1460 8.7020 15.9593 123.3714 185.9916 187.

160
028

4864
6318



STD. DEVIATIONS 81.1768 64.1526 46.8856 29.5841 15.6416 14.4724
13.5229 12.9562 16.5228 60.4221 63.0770 70.4321

PERCOLATION/LEAKAGE THROUGH LAYER 4

TOTALS 58.0651 76.8939 96.6407 124.7807 140.4466 120.9064
111.2840 99.9794 80.1117 47.1365 32.8381 42.9325

STD. DEVIATIONS 23.8355 30.0348 33.1503 32.2252 27.5298 22.7987
21.2783 21.2336 20.0711 16.7919 13.2887 17.5842

LATERAL DRAINAGE COLLECTED FROM LAYER 5

TOTALS 54.6802 73.8920 93.3843 118.2234 140.5836 123.8392
113.6935 101.8211 83.3620 55.3058 33.1269 39.8708

STD. DEVIATIONS 23.5611 26.9538 29.6455 31.6005 28.2545 23.6575
20.5187 21.7955 19.4253 18.0545 12.5936 14.8075

PERCOLATION/LEAKAGE THROUGH LAYER 7

TOTALS 0.0016 0.0024 0.0031 0.0041 0.0051 0.0043
0.0038 0.0033 0.0026 0.0016 0.0009 0.0011

STD. DEVIATIONS 0.0008 0.0010 0.0012 0.0014 0.0013 0.0010
0.0008 0.0008 0.0007 0.0006 0.0004 0.0005

AVERAGES 0.1967 0.1453 0.1275 0.0505 0.0167 0.0135
0.0106 0.0087 0.0175 0.1250 0.1970 0.1944

STD. DEVIATIONS 0.0803 0.0779 0.0588 0.0325 0.0168 0.0157
0.0140 0.0149 0.0184 0.0620 0.0702 0.0736

AVERAGES 0.0628 0.0903 0.1030 0.1373 0.1495 0.1331
0.1185 0.1064 0.0881 0.0510 0.0373 0.0469

STD. DEVIATIONS 0.0248 0.0346 0.0350 0.0355 0.0293 0.0250
0.0226 0.0227 0.0221 0.0177 0.0143 0.0182



AVERAGES 2.7225 4.0357 4.6495 6.0825 6.9995 6.3714
5.6607 5.0696 4.2889 2.7536 1.7043 1.9851

STD. DEVIATIONS 1.1731 1.4644 1.4760 1.6258 1.4068 1.2172
1.0216 1.0852 0.9994 0.8989 0.6479 0.7373

AEE AL AEAAEAAALTAAAXAAA A A A AAAAXAAAAAAAXAAAXAAXAAAAAXAAXAAXAAAAALAAXAAAXAAXAAXAAAAAXAAXAAXAAAAAAAXAX

AEEEETEAEAAEAAEAEITAXAAXTATEAAEAXAAAAAXAAXAXAXAT AKX AKX XAEAXATEAXTXAXAXTEAXITAXAAXAAEAXAAXAAXXAXAXAAXA XXX XAAAXAXATALAAXid*x%

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 100

MM CU. METERS PERCENT
PRECIPITATION 1485.94 ( 190.257) 14859.4 100.00
RUNOFF 99.716 (120.3010) 997.16 6.711
EVAPOTRANSPIRATION 355.950 ( 51.2605) 3559.50 23.955
PERCOLATION/LEAKAGE THROUGH 1029.83081 (173.63248) 10298.309 69.30514
LAYER 2
AVERAGE HEAD ON TOP 0.919 ( 0.145)
OF LAYER 2
PERCOLAT ION/LEAKAGE THROUGH 1032.01562 (152.68977) 10320.156 69.45217
LAYER 4
AVERAGE HEAD ON TOP 0.937 ( 0.138)
OF LAYER 4
LATERAL DRAINAGE COLLECTED 1031.78259 (150.75797) 10317.826  69.43649
FROM LAYER 5
PERCOLAT ION/LEAKAGE THROUGH 0.03408 ( 0.00607) 0.341 0.00229
LAYER 7
AVERAGE HEAD ON TOP 43.603 ( 6.360)
OF LAYER 6

CHANGE IN WATER STORAGE -1.546 ( 7.2464) -15.46 -0.104

AEEAEETAEAAEAAAETAAAEAAA A A A AAAAXAAAAAAAXAAAXAAXAAAAAXAAXAAXAAAAAXAAXAAAAAXAAXAAAAAXAAXAAAAAAAAAXAX



AEAEAAAAAAEAAEAAAEAAAAAAAXAAAAAXAAXAAXAAAXAAXAXAAXAAXAAAAAXAAAAAAAXAAXAAAAAXAAAAAAAAAXAAAAAdAdk

PEAK DAILY VALUES FOR YEARS 1 THROUGH 100

(MM) (CU. METERS)
PRECIPITATION 128.00 1289.000
RUNOFF 86.028 860.2754
PERCOLATION/LEAKAGE THROUGH LAYER 2 69.487221 694.87219
AVERAGE HEAD ON TOP OF LAYER 2 53.465
PERCOLATION/LEAKAGE THROUGH LAYER 4 8.388575 83.88574
AVERAGE HEAD ON TOP OF LAYER 4 2.770
DRAINAGE COLLECTED FROM LAYER 5 7.39569 73.95686
PERCOLATION/LEAKAGE THROUGH LAYER 7 0.000315 0.00315
AVERAGE HEAD ON TOP OF LAYER 6 114.150
MAXIMUM HEAD ON TOP OF LAYER 6 164.216
LOCATION OF MAXIMUM HEAD IN LAYER 5

(DISTANCE FROM DRAIN) 22_5 METERS

SNOW WATER 341.73 3417.2583
MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.3710
MINIMUM VEG. SOIL WATER (VOL/VOL) 0.0240

***  Maximum heads are computed using McEnroe"s equations. ***

Reference: Maximum Saturated Depth over Landfill Liner
by Bruce M. McEnroe, University of Kansas
ASCE Journal of Environmental Engineering
Vol. 119, No. 2, March 1993, pp. 262-270.
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AEAEAAAAAAEAAEAAAEAAAAAAAXAAAAAXAAXAAXAAAXAAXAXAAXAAXAAAAAXAAAAAAAXAAXAAAAAXAAAAAAAAAXAAAAAdAdk

FINAL WATER STORAGE AT END OF YEAR 100

LAYER @) (VOL/VOL)
1 7.9385 0.3175
2 2.1850 0.4370
3 738.4622 0.3077
4 0.0000 0.0000
5 3.1216 0.1041
6 0.0000 0.0000
7 0.4500 0.7500
SNOW WATER 0.000
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Attachment B.1

Table 4.1
Technical Response to ENV Review (Auth. No.:Pr 10807) Upland Landfill
Upland Excavating, Campbell River, British Columbia

Forecasted Upland

Forecasted Upland

Contaminant Masses & Source Volumes @

BC Contaminated Site

BC Contaminated Site

Landfill Treated y I Final Forecasted Groundwater Regulation N
Landfill Leachate Leachate Flux into Landfill Landfill Leakage Infiltration of Runoff and Infiltration Concentrations @ Schedule 3.2, Nov. Regulation Schedule
Concentrations Concentrations Footprint A (primary liner failure Treated Leachate Lateral Drainage from Downgradient of 2017 3.2, Nov. 2017
O;m":un:ea with leak detection Infiltration (Designed) Landfill Cap (dry ) (5? .
Parameters Units pverage Pre-Landiiling ( ) system) periods) Landfill ® (dry periods)
Concentrations 2052017
liner failure (with leak detection system),
max. mass loading (leachate & effluent),
min. upgradient flux, dry season runoff &
Maximum Maximum Units downgradient infiltration Drinking Water (DW) Aquatic Life (AW)
mg/L mg/L m3/day 500 0.00010 67 1.0 73 (mg/L) (mg/L)
L/day 500,000 0.10 67,000 1750.0 73,000 Scenario
Liner Failure
GENERAL CHEMISTRY Contaminant Masses (mg/L)
Maximum Maximum
Alkalinity (total) mg/L 54.7 2500 250 mg/day 27350000 250 16750000 95725 3993100 75.1 - -
Ammonia-N mg/L 0.08 30 3 mg/day 40000 3.0 201000 140 5840 0.38 - 11.3[a]
BOD mg/L 2.07 50 175 mg/day 1035000 5.0 1172500 3622.5 151110 3.68 - -
Chloride (ClI) (dissolved) mg/L 4.15 1500 250 mg/day 2075000 150 16750000 7262.5 302950 29.82 250 1500
COD mg/L 39.1 500 150 mg/day 19550000 50 10050000 68425 2854300 50.68 - -
Conductivity® us/cm 137 7500 7500 us/cm - - - - - 846 - -
Hardness mg/L 60 2500 2500 mg/day 30000000 250 167500000 105000 4380000 315 - -
pH® pH units 7.86 8 8 std. units - - - - - 7-8 - -
Phenols mg/L 0.0 0.1 0.01 mg/day 0 0.01 670 0 0 0.00104 1 2
Sulphate (S042-) mg/L 5.72 1000 500 mg/day 2860000 100 33500000 10010 417560 57.32 500 2180 - 4290 [b]
Sulphide mg/L 0.006 5 0.05 mg/day 3000 0.50 3350 10.5 438 0.0106 0.05 0.02
Total Suspended Solids (TSS) mg/L 390 150 75 mg/day 1.95E+08 15.0 5025000 682500 28470000 357 - -
Total Dissolved Solids (TDS) mg/L 31 10000 5000 mg/day 15500000 1000 335000000 54250 2263000 550 - -
Total Kjeldahl Nitrogen (TKN) mg/L 0.143 60 21 mg/day 71500 6.00 1407000 250.25 10439 2.321 - -
Phosphorus mg/L 0.551 0.5 0.5 mg/day 275500 0.05 33500 964.25 40223 0.546 - -
HYDROCARBONS
HEPH mg/L 0.0 2 2 mg/day 0 0.20 134000 0 0 0.2088 - -
LEPH mg/L 0.0 2 0.5 mg/day 0 0.20 33500 0 0 0.0522 - 0.5
METALS
Aluminum mg/L - 1 1 - 0.100 67000 - -
Aluminum (Dissolved) mg/L 0.00737 0.1 0.1 mg/day 3685 0.010 6700 12.8975 538.01 0.02 9.5 -
Arsenic mg/L - 0.04 0.01 mg/day - 0.004 670 - -
Arsenic (Dissolved) mg/L 0.00014 0.04 0.01 mg/day 70 0.004 670 0.245 10.22 0.0012 0.01 0.05
Barium mg/L - 0.7 0.7 mg/day - 0.070 46900 - -
Barium (Dissolved) mg/L 0.0014 0.7 0.7 mg/day 700 0.07 46900 245 102.2 0.074 1 10
Boron mg/L - 10 5 mg/day - 1.00 335000 - -
Boron (Dissolved) mg/L 0.0 10 5 mg/day 0 1.00 335000 0 0 0.522 5 12
Cadmium mg/L - 0.0003 0.0003 mg/day - 3.0E-05 20.1 - -
Cadmium (Dissolved) mg/L 0.00001 0.0003 0.0003 mg/day 5.0 3.0E-05 20.1 0.0175 0.73 0.00004 0.005 0.0015 - 0.004 [b]
Calcium mg/L - 700 700 mg/day - 70.00 46900000 - -
Calcium (Dissolved) mg/L 18.842 700 700 mg/day 9421000 70 46900000 329735 1375466 89.96 - -
Chromium mg/L - 0.05 0.05 mg/day - 0.005 3350 - -
Chromium (Dissolved) mg/L 0.0 0.05 0.05 mg/day 0 0.005 3350 0 0 0.00522 0.05 0.01 [c]
Cobalt mg/L - 0.01 0.01 mg/day - 0.0010 670 - -
Cobalt (Dissolved) mg/L 0.0 0.01 0.01 mg/day 0 0.0010 670 0 0 0.0010 0.001 0.04
Copper mg/L - 0.05 0.05 mg/day - 0.0050 3350 - -
Copper (Dissolved) mg/L 0.0008 0.05 0.05 mg/day 400 0.005 3350 14 58.4 0.0059 15 0.03-0.09 [b]
Iron mg/L - 70 6.5 mg/day - 7.0 435500 - -
Iron (Dissolved) mg/L 0.056 7 6.5 mg/day 28000 0.7 435500 98 4088 0.73 6.5 -
Lead mg/L - 0.01 0.01 mg/day - 0.0010 670 - -
Lead (Dissolved) mg/L 0.0 0.01 0.01 mg/day 0 0.0010 670 0 0 0.0010 0.01 0.05 - 0.16 [b]
Magnesium mg/L - 300 100 mg/day - 30.0 6700000 - -
Magnesium (Dissolved) mg/L 3.28 300 100 mg/day 1640000 30.0 6700000 5740 239440 13.38 - -
Manganese mg/L - 5 0.55 mg/day - 0.5 36850 - -
Manganese (Dissolved) mg/L 0.03 5 0.55 mg/day 15000 0.5 36850 525 2190 0.084 15 -
Mercury mg/L - 0.00003 0.00003 mg/day - 3.0E-06 2.01 - -
Mercury (Dissolved) mg/L 0.0 0.00001 0.00001 mg/day 0 1.0E-06 0.67 0 0 0.000001 0.001 0.00025
Molybdenum mg/L - 0.002 0.002 mg/day - 0.0002 134 - -
Molybdenum (Dissolved) mg/L 0.0 0.002 0.002 mg/day 0 0.0002 134 0 0 0.0002 0.25 10
Nickel mg/L - 0.02 0.02 mg/day - 0.002 1340 - -
Nickel (Dissolved) mg/L 0.0 0.02 0.02 mg/day 0 0.002 1340 0 0 0.0021 0.08 0.65-1.5 [b]
Selenium mg/L - 0.005 0.005 mg/day - 0.0005 335 - -
Selenium (Dissolved) mg/L 0.0002 0.005 0.005 mg/day 100 0.001 335 0.35 14.6 0.0007 0.01 0.02
Silver mg/L - 0.00002 0.00002 mg/day - 2.0E-06 1.34 - -
Silver (Dissolved) mg/L 0.0 0.0002 0.0002 mg/day 0 2.0E-05 13.4 0 0 0.00002 0.02 0.0005-0.015
Sodium mg/L - 1000 200 mg/day - 100 13400000 - -
Sodium (Dissolved) mg/L 3.89 1000 200 mg/day 1945000 100 13400000 6807.5 283970 24.36 200 -
Zinc mg/L - 2 2 mg/day - 0.20 134000 - -
Zinc (Dissolved) mg/L 0.002 1 1 mg/day 1000 0.10 67000 3.5 146 0.106 3 0.075-2.4 [b]

Notes for Table:

(1) Concentrations have been calculated using the average concentration of each sample collected from the overburden, sand and gravel aquifer between 2015 and 2017.

For the purposes of predicting the mass inputs, concentrations of 0.0 mg/L have been used whereever samples were below detection limits (ND or less than the reporting limit).

(2) Contaminant masses are calculated by multipling the forcasted concentration by the volume of the respective source

(3) Final Forecasted Groundwater Concentrations = (sum of masses)/(sum of source volumes)

(4) The forecasted concentration approach is inappropriate for pH and conductivity.
conductivity is estimated as TDS/0.67; pH is expected to fall within the min. and max. range in pre-Landfill, leachate, or effluent.

(5) Infiltation rates used are 72% in the pit (with no vegetation) and 50% for above the pit (with vegetation) - derived from HELP modeling.
- not analyzed or no standard/criteria available.

ND - not detected above the respective laboratory reporting limit
[a] - Limit varies with pH. Ranges are calculated using average pre-landfilling and final predicted concentrations

[b] - Limit varies with Hardness. Ranges are calculated using average pre-landfilling and final predicted concentrations
[c] - Limit is set for hexavalent chromium
(SAD)/(WAD) - strong acid dissolvable/weak acid dissolvable

|exceeds the BC CSR Drinking Water (DW) Standards
|exceeds the BC CSR Aquatic Life (AW) Standards
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Attachment B.2

Table 4.2

Technical Response to ENV Review (Auth. No.:Pr 10807) Upland Landfill
Upland Excavating, Campbell River, British Columbia

Contaminant Masses & Source Volumes @
3 BC Contaminated Site BC Contaminated Site
Forecasted Upland Landfill Leachate Forecasted Upland Landfill Treated Final Forecasted Groundwater Regulation N
Concentrations Leachate Concentrations Flux into Landfill Infiltration of Runoff and Infiltration Concentrations © Schedule 3.2, Nov. Regulation Schedule
N Landfill Leakage Treated Leachate . . ! : 3.2, Nov. 2017
Footprint Area (primary liner only) Infiltration (Designed) Lateral Drainage from Downgradient of 2017
Parameters Units (average) Landfill Cap (average)  Landfill ® (average)
Average Pre-Landfilling
Concentrations () 201°-2017
max mass loading (leachate & effluent),
average upgradient flux, average runoff
Minimum Average Maximum Minimum Average Maximum Units & downgradient infiltration Drinking Water (DW) Aguatic Life (AW)
mg/L mg/L mg/L mg/L mg/L mg/L m3/day 640 0.00033 67 35 225 (mg/L) (mg/L)
L/day 640,000 0.33 67,000 3,500 225,000 Scenario
Base Case
GENERAL CHEMISTRY Contaminant Masses (mg/L)
Maximum Maximum

Alkalinity (total) mg/L 54.7 500 1500 2500 50 150 250 mg/day 35008000 826 16750000 191450 12307500 68.7 - -
Ammonia-N mg/L 0.08 1 15.5 30 0.10 155 3 mg/day 51200 9.9 201000 280 18000 0.29 - 11.3[a]
BOD mg/L 207 10 30 50 35 105 17.5 mg/day 1324800 16.5 1172500 7245 465750 3.18 - -
Chloride (Cl) (dissolved) mg/L 4.15 100 800 1500 16.7 133.3 250 mg/day 2656000 495 16750000 14525 933750 21.76 250 1500
COD mg/L 39.1 50 275 500 15 825 150 mg/day 25024000 165 10050000 136850 8797500 47.04 - -
Conductivity” usicm 137 200 3850 7500 200 3850 7500 us/cm - - - - - 595.20 - -
Hardness mg/L 60 750 1625 2500 750 1625 2500 mg/day 38400000 826 167500000 210000 13500000 235 - -
pH® pH units 7.86 6 7 8 6 7 8 std. units - - - - - 7-8 - -
Phenols mg/L 0.0 0.005 0.0525 0.1 0.0005 0.00525 0.01 mg/day 0 0.03 670 0 0 0.00072 1 2
Sulphate (S042-) mg/L 5.72 50 525 1000 25 263 500 mg/day 3660800 330 33500000 20020 1287000 41.12 500 2180 - 4290 [b]
Sulphide mg/L 0.006 0.1 255 5 0.001 0.026 0.05 mg/day 3840 1.65 3350 21 1350 0.0092 0.05 0.02
Total Suspended Solids (TSS) mg/L 390 10 80 150 5 40 75 mg/day 2.50E+08 49.5 5025000 1365000 87750000 367 - -
Total Dissolved Solids (TDS) mg/L 31 2000 6000 10000 1000 3000 5000 mg/day 19840000 3302 335000000 108500 6975000 387 - -
Total Kjeldahl Nitrogen (TKN) mg/L 0.143 3 315 60 1.05 11.03 21 mg/day 91520 19.81 1407000 501 32175 1.637 - -
Phosphorus mg/L 0.551 0.1 0.3 0.5 0.1 0.3 0.5 mg/day 352640 0.17 33500 1928.5 123975 0.547 - -
HYDROCARBONS
HEPH mg/L 0.0 0.5 1.25 2 0.5 1.25 2 mg/day 0 0.66 134000 0 0 0.1432 - -
LEPH mg/L 0.0 0.5 1.25 2 0.125 0.313 0.5 mg/day 0 0.66 33500 0 0 0.0358 - 0.5
METALS
Aluminum mg/L - 0.1 0.55 1 0.1 0.55 1 - 0.330 67000 - -
Aluminum (Dissolved) mg/L 0.00737 0.01 0.055 0.1 0.01 0.055 0.1 mg/day 4717 0.033 6700 25.8 1658 0.01 9.5 -
Arsenic mg/L - 0.001 0.0205 0.04 0.00025 0.005 0.01 mg/day - 0.013 670 - -
Arsenic (Dissolved) mg/L 0.00014 0.001 0.0205 0.04 0.00025 0.005 0.01 mg/day 90 0.013 670 0.49 32 0.0008 0.01 0.05
Barium mg/L - 0.05 0.375 0.7 0.05 0.375 0.7 mg/day - 0.231 46900 - -
Barium (Dissolved) mg/L 0.0014 0.05 0.375 0.7 0.05 0.375 0.7 mg/day 896 0.23 46900 5 315 0.051 1 10
Boron mg/L - 5 75 10 25 3.75 5 mg/day - 3.30 335000 - -
Boron (Dissolved) mg/L 0.0 5 75 10 25 3.75 5 mg/day 0 3.30 335000 0 0 0.358 5 12
Cadmium mg/L - 0.0001 0.0002 0.0003 0.0001 0.0002 0.0003 mg/day - 9.9E-05 20.1 - -
Cadmium (Dissolved) mg/L 0.00001 0.0001 0.0002 0.0003 0.0001 0.0002 0.0003 mg/day 6.4 9.9E-05 20.1 0.04 2 0.00003 0.005 0.0015 - 0.004 [b]
Calcium mg/L - 200 450 700 200 450 700 mg/day - 231.15 46900000 - -
Calcium (Dissolved) mg/L 18.842 200 450 700 200 450 700 mg/day 12058880 231 46900000 65947 4239450 67.63 - -
IChromium mg/L - 0.005 0.0275 0.05 0.005 0.03 0.05 mg/day - 0.017 3350 - -
Chromium (Dissolved) mg/L 0.0 0.005 0.0275 0.05 0.005 0.03 0.05 mg/day 0 0.017 3350 0 0 0.00358 0.05 0.01 [c]
Cobalt mg/L - 0.001 0.0055 0.01 0.001 0.006 0.01 mg/day - 0.0033 670 - -
Cobalt (Dissolved) mg/L 0.0 0.001 0.0055 0.01 0.001 0.006 0.01 mg/day 0 0.0033 670 0 0 0.0007 0.001 0.04
Copper mg/L - 0.005 0.0275 0.05 0.005 0.03 0.05 mg/day - 0.0165 3350 - -
Copper (Dissolved) mg/L 0.0008 0.005 0.0275 0.05 0.005 0.03 0.05 mg/day 512 0.017 3350 28 180 0.0043 15 0.03-0.09 [b]
Iron mg/L - 1 355 70 0.09 33 6.5 mg/day - 231 435500 - -
Iron (Dissolved) mg/L 0.056 0.1 3.55 7 0.09 33 6.5 mg/day 35840 23 435500 196 12600 0.52 6.5 -
Lead mg/L - 0.001 0.0055 0.01 0.001 0.006 0.01 mg/day - 0.0033 670 - -
Lead (Dissolved) mg/L 0.0 0.001 0.0055 0.01 0.001 0.006 0.01 mg/day 0 0.0033 670 0 0 0.0007 0.01 0.05-0.16 [b]
Magnesium mg/L - 30 165 300 10 55 100 mg/day - 99.1 6700000 - -
Magnesium (Dissolved) mg/L 3.28 30 165 300 10 55 100 mg/day 2099200 99.1 6700000 11480 738000 10.21 - -
Manganese mg/L - 1 3 5 0.11 0.33 0.55 mg/day - 1.7 36850 - -
Manganese (Dissolved) mg/L 0.03 1 3 5 0.11 0.33 0.55 mg/day 19200 1.7 36850 105 6750 0.067 15 -
Mercury mg/L - 0.00001 0.00002 0.00003 0.00001 0.00002 0.00003 mg/day - 9.9E-06 2,01 - -
Mercury (Dissolved) mg/L 0.0 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 mg/day 0 3.3E-06 0.67 0.0 0 0.000001 0.001 0.00025
Molybdenum mg/L - 0.001 0.0015 0.002 0.001 0.0015 0.002 mg/day - 0.0007 134 - -
Molybdenum (Dissolved) mg/L 0.0 0.001 0.0015 0.002 0.001 0.0015 0.002 mg/day 0 0.0007 134 0.0 0 0.0001 0.25 10
Nickel mg/L - 0.0075 0.01375 0.02 0.0075 0.014 0.02 mg/day - 0.007 1340 - -
Nickel (Dissolved) mg/L 0.0 0.0075 0.01375 0.02 0.0075 0.014 0.02 mg/day 0 0.007 1340 0.0 0 0.0014 0.08 0.65-1.5 [b]
Selenium mg/L - 0.001 0.003 0.005 0.001 0.003 0.005 mg/day - 0.0017 335 - -
Selenium (Dissolved) mg/L 0.0002 0.001 0.003 0.005 0.001 0.003 0.005 mg/day 128 0.002 335 0.70 45 0.0005 0.01 0.02
Silver mg/L - 0.0001 0.00006 0.00002 0.0001 0.00006 0.00002 mg/day - 6.6E-06 1.34 - -
Silver (Dissolved) mg/L 0.0 0.0001 0.00015 0.0002 0.0001 0.00015 0.0002 mg/day 0 6.6E-05 134 0 0 0.00001 0.02 0.0005-0.015
Sodium mg/L - 100 550 1000 20 110 200 mg/day - 330 13400000 - -
Sodium (Dissolved) mg/L 3.89 100 550 1000 20 110 200 mg/day 2489600 330 13400000 13615 875250 17.94 200 -
Zinc mg/L - 0.05 1.025 2 0.05 1.03 2 mg/day - 0.66 134000 - -
Zinc (Dissolved) mg/L 0.002 0.025 0.5125 1 0.025 0.51 1 mg/day 1280 0.33 67000 7 450 0.073 3 0.075-2.4 [b]

Notes for Table:

(1) Concentrations have been calculated using the average concentration of each sample collected from the overburden, sand and gravel aquifer between 2015 and 2017.

For the purposes of predicting the mass inputs, concentrations of 0.0 mg/L have been used whereever samples were below detection limits (ND or less than the reporting limit).

(2) Contaminant masses are calculated by multipling the forcasted concentration by the volume of the respective source

(3) Final Forecasted Groundwater Concentrations = (sum of masses)/(sum of source volumes)

(4) The forecasted concentration approach is inappropriate for pH and conductivity.
conductivity is estimated as TDS/0.67; pH is expected to fall within the min. and max. range in pre-Landfill, leachate, or effluent.

(5) Infiltation rates used are 72% in the pit (with no vegetation) and 50% for above the pit (with vegetation) - derived from HELP modeling.

- not analyzed or no standard/criteria available.
ND - not detected above the respective laboratory reporting limit
[a] - Limit varies with pH. Ranges are calculated using average pre-landfilling and final predicted concentrations
[b] - Limit varies with Hardness. Ranges are calculated using average pre-landfilling and final predicted concentrations
[c] - Limit is set for hexavalent chromium
(SAD)/(WAD) - strong acid dissolvable/weak acid dissolvable
|exceeds the BC CSR Drinking Water (DW) Standards
| |exceeds the BC CSR Aquatic Life (AW) Standards
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Attachment B.3

Table 4.3
Technical Response to ENV Review (Auth. No.:Pr 10807) Upland Landfill
Upland Excavating, Campbell River, British Columbia

Page 3 of 4

Contaminant Masses & Source Volumes

)

BC Contaminated Site

BC Contaminated Site

Forecasted Upland Landfill Leachate Forecasted Upland Landfill Treated nfiltration of Runoff \nfiltration Final Forecasted Grou(l;dwaler Regulation Regulation Schedule
Concentrations Leachate Concentrations Flux |ntc_> Landfill Landfill Leakage Treated Leachate  and Lateral Drainage Downgradient of Concentrations Schedule 3.2, Nov. 3.2, Nov. 2017
Footprint Area X . - Ny Y ) 2017
e (primary liner only) Infiltration (Designed) from Landfill Cap (dry Landfill ™ (dry
Parameters Units (minimum) periods) eriods)
Average Pre-Landfilling p
Concentrations 2752017
min. upgradient flux, average mass
loading (leachate & effluent), dry season
Minimum Average Maximum Minimum Average Maximum Units runoff & downgradient infiltration Drinking Water (DW) Aquatic Life (AW)
mg/L mg/L mg/L mg/L mg/L mg/L m3/day 500 0.00033 67 1.0 73 (mg/L) (mg/L)
L/day 500,000 0.33 67,000 1750.0 73,000 Scenario
Dry Season
GENERAL CHEMISTRY Contaminant Masses (mg/L)
Maximum Maximum

Alkalinity (total) mg/L 54.7 500 1500 2500 50 150 250 mg/day 27350000 826 16750000 95725 3993100 75.1 - -
Ammonia-N mg/L 0.08 1 155 30 0.10 1.55 3 mg/day 40000 9.9 201000 140 5840 0.38 - 11.3[a]
BOD mg/L 2.07 10 30 50 35 10.5 175 mg/day 1035000 16.5 1172500 3622.5 151110 3.68 - -
Chloride (ClI) (dissolved) mg/L 4.15 100 800 1500 16.7 1333 250 mg/day 2075000 495 16750000 7262.5 302950 29.82 250 1500
COD mg/L 39.1 50 275 500 15 825 150 mg/day 19550000 165 10050000 68425 2854300 50.68 - -
Conductivity” us/cm 137 200 3850 7500 200 3850 7500 us/cm - - - - - 845.81 - -
Hardness mg/L 60 750 1625 2500 750 1625 2500 mg/day 30000000 826 167500000 105000 4380000 314.74 - -
pH® pH units 7.86 6 7 8 6 7 8 std. units - - - - - 7-8 - -
Phenols mg/L 0.0 0.005 0.0525 0.1 0.0005 0.00525 0.01 mg/day 0 0.03 670 0 0 0.00104 1 2
Sulphate (S042-) mg/L 5.72 50 525 1000 25 263 500 mg/day 2860000 330 33500000 10010 417560 57.32 500 2180 - 4290 [b]
Sulphide mg/L 0.006 0.1 2.55 5 0.001 0.026 0.05 mg/day 3000 1.65 3350 10.5 438 0.0106 0.05 0.02
Total Suspended Solids (TSS) mg/L 390 10 80 150 5 40 75 mg/day 1.95E+08 49.5 5025000 682500 28470000 357 - -
Total Dissolved Solids (TDS) mg/L 31 2000 6000 10000 1000 3000 5000 mg/day 15500000 3302 335000000 54250 2263000 550 - -
Total Kjeldahl Nitrogen (TKN) mg/L 0.143 3 315 60 1.05 11.03 21 mg/day 71500 19.81 1407000 250.25 10439 2321 - -
Phosphorus mg/L 0.551 0.1 0.3 0.5 0.1 0.3 0.5 mg/day 275500 0.17 33500 964.25 40223 0.546 - -
HYDROCARBONS
HEPH mg/L 0.0 05 1.25 2 0.5 1.25 2 mg/day 0 0.66 134000 0 0 0.2088 - -
LEPH mg/L 0.0 0.5 1.25 2 0.125 0.313 0.5 mg/day 0 0.66 33500 0 0 0.0522 - 0.5
METALS
Aluminum mg/L - 0.1 0.55 1 0.1 0.55 1 - 0.330 67000 - -
Aluminum (Dissolved) mg/L 0.00737 0.01 0.055 0.1 0.01 0.055 0.1 mg/day 3685 0.033 6700 12.8975 538.01 0.02 9.5 -
Arsenic mg/L - 0.001 0.0205 0.04 0.00025 0.005 0.01 mg/day - 0.013 670 - -
Arsenic (Dissolved) mg/L 0.00014 0.001 0.0205 0.04 0.00025 0.005 0.01 mg/day 70 0.013 670 0.245 10.22 0.0012 0.01 0.05
Barium mg/L - 0.05 0.375 0.7 0.05 0.375 0.7 mg/day - 0.231 46900 - -
Barium (Dissolved) mg/L 0.0014 0.05 0.375 0.7 0.05 0.375 0.7 mg/day 700 0.23 46900 2.45 102.2 0.074 1 10
Boron mg/L - 5 75 10 25 3.75 5 mg/day - 3.30 335000 - -
Boron (Dissolved) mg/L 0.0 5 75 10 25 3.75 5 mg/day 0 3.30 335000 0 0 0.522 5 12
Cadmium mg/L - 0.0001 0.0002 0.0003 0.0001 0.0002 0.0003 mg/day - 9.9E-05 20.1 - -
Cadmium (Dissolved) mg/L 0.00001 0.0001 0.0002 0.0003 0.0001 0.0002 0.0003 mg/day 5.0 9.9E-05 20.1 0.0175 0.73 0.00004 0.005 0.0015 - 0.004 [b]
Calcium mg/L - 200 450 700 200 450 700 mg/day - 231.15 46900000 - -
Calcium (Dissolved) mg/L 18.842 200 450 700 200 450 700 mg/day 9421000 231 46900000 32973.5 1375466 89.96 - -
Chromium mg/L - 0.005 0.0275 0.05 0.005 0.03 0.05 mg/day - 0.017 3350 - -
Chromium (Dissolved) mg/L 0.0 0.005 0.0275 0.05 0.005 0.03 0.05 mg/day 0 0.017 3350 0 0 0.00522 0.05 0.01 [c]
Cobalt mg/L - 0.001 0.0055 0.01 0.001 0.006 0.01 mg/day - 0.0033 670 - -
Cobalt (Dissolved) mg/L 0.0 0.001 0.0055 0.01 0.001 0.006 0.01 mg/day 0 0.0033 670 0 0 0.0010 0.001 0.04
Copper mg/L - 0.005 0.0275 0.05 0.005 0.03 0.05 mg/day - 0.0165 3350 - -
Copper (Dissolved) mg/L 0.0008 0.005 0.0275 0.05 0.005 0.03 0.05 mg/day 400 0.017 3350 14 58.4 0.0059 15 0.03-0.09 [b]
Iron mg/L - 1 355 70 0.09 33 6.5 mg/day - 231 435500 - -
Iron (Dissolved) mg/L 0.056 0.1 3.55 7 0.09 33 6.5 mg/day 28000 23 435500 98 4088 0.73 6.5 -
Lead mg/L - 0.001 0.0055 0.01 0.001 0.006 0.01 mg/day - 0.0033 670 - -
Lead (Dissolved) mg/L 0.0 0.001 0.0055 0.01 0.001 0.006 0.01 mg/day 0 0.0033 670 0 0 0.0010 0.01 0.05-0.16 [b]
Magnesium mg/L - 30 165 300 10 55 100 mg/day - 99.1 6700000 - -
Magnesium (Dissolved) mg/L 3.28 30 165 300 10 55 100 mg/day 1640000 99.1 6700000 5740 239440 13.38 - -
Manganese mg/L - 1 3 5 0.11 0.33 0.55 mg/day - 1.7 36850 - -
Manganese (Dissolved) mg/L 0.03 1 3 5 0.11 0.33 0.55 mg/day 15000 1.7 36850 52.5 2190 0.084 1.5 -
Mercury mg/L - 0.00001 0.00002 0.00003 0.00001 0.00002 0.00003 mg/day - 9.9E-06 201 - -
Mercury (Dissolved) mg/L 0.0 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 mg/day 3.3E-06 0.67 0 0 0.000001 0.001 0.00025
Molybdenum mg/L - 0.001 0.0015 0.002 0.001 0.0015 0.002 mg/day - 0.0007 134 - -
Molybdenum (Dissolved) mg/L 0.0 0.001 0.0015 0.002 0.001 0.0015 0.002 mg/day 0 0.0007 134 0 0 0.0002 0.25 10
Nickel mg/L - 0.0075 0.01375 0.02 0.0075 0.014 0.02 mg/day - 0.007 1340 - -
Nickel (Dissolved) mg/L 0.0 0.0075 0.01375 0.02 0.0075 0.014 0.02 mg/day 0 0.007 1340 0 0 0.0021 0.08 0.65-1.5 [b]
Selenium mg/L - 0.001 0.003 0.005 0.001 0.003 0.005 mg/day - 0.0017 335 - -
Selenium (Dissolved) mg/L 0.0002 0.001 0.003 0.005 0.001 0.003 0.005 mg/day 100 0.002 335 0.35 14.6 0.0007 0.01 0.02
Silver mg/L - 0.0001 0.00006 0.00002 0.0001 0.00006 0.00002 mg/day - 6.6E-06 1.34 - -
Silver (Dissolved) mg/L 0.0 0.0001 0.00015 0.0002 0.0001 0.00015 0.0002 mg/day 0 6.6E-05 13.4 0 0 0.00002 0.02 0.0005-0.015
Sodium mg/L - 100 550 1000 20 110 200 mg/day - 330 13400000 - -
Sodium (Dissolved) mg/L 3.89 100 550 1000 20 110 200 mg/day 1945000 330 13400000 6807.5 283970 24.36 200 -
Zinc mg/L - 0.05 1.025 2 0.05 1.03 2 mg/day - 0.66 134000 - -
Zinc (Dissolved) mg/L 0.002 0.025 0.5125 1 0.025 0.51 1 mg/day 1000 0.33 67000 3.5 146 0.106 3 0.075-2.4 [b]

Notes for Table:

(1) Concentrations have been calculated using the average concentration of each sample collected from the overburden, sand and gravel aquifer between 2015 and 2017.

For the purposes of predicting the mass inputs, concentrations of 0.0 mg/L have been used whereever samples were below detection limits (ND or less than the reporting limit).
(2) Contaminant masses are calculated by multipling the forcasted concentration by the volume of the respective source
(3) Final Forecasted Groundwater Concentrations = (sum of masses)/(sum of source volumes)
(4) The forecasted concentration approach is inappropriate for pH and conductivity.

conductivity is estimated as TDS/0.67; pH is expected to fall within the min. and max. range in pre-Landfill, leachate, or effluent.

(5) Infiltation rates used are 72% in the pit (with no vegetation) and 50% for above the pit (with vegetation) - derived from HELP modeling.
- not analyzed or no standard/criteria available.

ND - not detected above the respective laboratory reporting limit
[a] - Limit varies with pH. Ranges are calculated using average pre-landfilling and final predicted concentrations

[b] - Limit varies with Hardness. Ranges are calculated using average pre-landfilling and final predicted concentrations
[c] - Limit is set for hexavalent chromium
(SAD)/(WAD) - strong acid dissolvable/weak acid dissolvable

|exceeds the BC CSR Drinking Water (DW) Standards
|exceeds the BC CSR Aquatic Life (AW) Standards



GHD 088877Leuschen-18-ATT B
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Table 4.4
Technical Response to ENV Review (Auth. No.:Pr 10807) Upland Landfill
Upland Excavating, Campbell River, British Columbia

Page 4 of 4

Contaminant Masses & Source Volumes @
. BC Contaminated Site BC Contaminated Site
Forecasted Upland Landfill Leachate Forecasted Upland Landfill Treated nfiltration of Runoff Final Forecasted Grou(g)dwater Regulation Regulation Schedule
Concentrations Leachate Concentrations Flux into Landfill Landiill Leakage Treated Leachate  and Lateral Drainage |nfl|tl'a“‘0n Concentrations Schedule 3.2, Nov. 3.2, Nov. 2017
Footprint Area X X - . ! Downgradient of 2017
X (primary liner only) Infiltration (Designed)  from Landfill Cap I .
Parameters Units (maximum) ’ Landfill © (wet periods)
- (wet periods)
Average Pre-Landfilling
Concentrations 2752017
max. upgradient flux, average mass
loading (leachate & effluent), wet season
Minimum Average Maximum Minimum Average Maximum Units runoff & downgradient infiltration Drinking Water (DW) Aquatic Life (AW)
mg/L mg/L mg/L mg/L mg/L mg/L m3/day 860 0.00033 67 6.6 430 (mg/L) (mg/L)
L/day 860,000 0.33 67,000 6,640 430,000 Scenario
Wet Season
GENERAL CHEMISTRY Contaminant Masses (mg/L)
Maximum Maximum

Alkalinity (total) mg/L 54.7 500 1500 2500 50 150 250 mg/day 47042000 826 16750000 363208 23521000 64.3 - -
Ammonia-N mg/L 0.08 1 155 30 0.10 1.55 3 mg/day 68800 9.9 201000 531 34400 0.22 - 11.3[a]
BOD mg/L 2.07 10 30 50 35 10.5 175 mg/day 1780200 16.5 1172500 13744.8 890100 2.83 - -
Chloride (ClI) (dissolved) mg/L 4.15 100 800 1500 16.7 1333 250 mg/day 3569000 495 16750000 27556 1784500 16.23 250 1500
COD mg/L 39.1 50 275 500 15 825 150 mg/day 33626000 165 10050000 259624 16813000 4455 - -
Conductivity” us/cm 137 200 3850 7500 200 3850 7500 us/cm - - - - - 423.30 - -
Hardness mg/L 60 750 1625 2500 750 1625 2500 mg/day 51600000 826 167500000 398400 25800000 180 - -
pH® pH units 7.86 6 7 8 6 7 8 std. units - - - - - 7-8 - -
Phenols mg/L 0.0 0.005 0.0525 0.1 0.0005 0.00525 0.01 mg/day 0 0.03 670 0 0 0.00049 1 2
Sulphate (S042-) mg/L 5.72 50 525 1000 25 263 500 mg/day 4919200 330 33500000 37980.8 2459600 30.01 500 2180 - 4290 [b]
Sulphide mg/L 0.006 0.1 2.55 5 0.001 0.026 0.05 mg/day 5160 1.65 3350 40 2580 0.0082 0.05 0.02
Total Suspended Solids (TSS) mg/L 390 10 80 150 5 40 75 mg/day 3.35E+08 49.5 5025000 2589600 167700000 375 - -
Total Dissolved Solids (TDS) mg/L 31 2000 6000 10000 1000 3000 5000 mg/day 26660000 3302 335000000 205840 13330000 275 - -
Total Kjeldahl Nitrogen (TKN) mg/L 0.143 3 315 60 1.05 11.03 21 mg/day 122980 19.81 1407000 950 61490 1.168 - -
Phosphorus mg/L 0.551 0.1 0.3 0.5 0.1 0.3 0.5 mg/day 473860 0.17 33500 3658.64 236930 0.548 - -
HYDROCARBONS
HEPH mg/L 0.0 0.5 1.25 2 0.5 1.25 2 mg/day 0 0.66 134000 0 0 0.0983 - -
LEPH mg/L 0.0 0.5 1.25 2 0.125 0.313 0.5 mg/day 0 0.66 33500 0 0 0.0246 - 0.5
METALS
Aluminum mg/L - 0.1 0.55 1 0.1 0.55 1 - 0.330 67000 - -
Aluminum (Dissolved) mg/L 0.00737 0.01 0.055 0.1 0.01 0.055 0.1 mg/day 6338.2 0.033 6700 48.9 3169 0.01 9.5 -
Arsenic mg/L - 0.001 0.0205 0.04 0.00025 0.005 0.01 mg/day - 0.013 670 - -
Arsenic (Dissolved) mg/L 0.00014 0.001 0.0205 0.04 0.00025 0.005 0.01 mg/day 120.4 0.013 670 0.93 60 0.0006 0.01 0.05
Barium mg/L - 0.05 0.375 0.7 0.05 0.375 0.7 mg/day - 0.231 46900 - -
Barium (Dissolved) mg/L 0.0014 0.05 0.375 0.7 0.05 0.375 0.7 mg/day 1204 0.23 46900 9 602 0.036 1 10
Boron mg/L - 5 75 10 25 3.75 5 mg/day - 3.30 335000 - -
Boron (Dissolved) mg/L 0.0 5 75 10 25 3.75 5 mg/day 0 3.30 335000 0 0 0.246 5 12
Cadmium mg/L - 0.0001 0.0002 0.0003 0.0001 0.0002 0.0003 mg/day - 9.9E-05 20.1 - -
Cadmium (Dissolved) mg/L 0.00001 0.0001 0.0002 0.0003 0.0001 0.0002 0.0003 mg/day 8.6 9.9E-05 20.1 0.07 4 0.00002 0.005 0.0015 - 0.004 [b]
Calcium mg/L - 200 450 700 200 450 700 mg/day - 231.15 46900000 - -
Calcium (Dissolved) mg/L 18.842 200 450 700 200 450 700 mg/day 16204120 231 46900000 125111 8102060 52.31 - -
Chromium mg/L - 0.005 0.0275 0.05 0.005 0.03 0.05 mg/day - 0.017 3350 - -
Chromium (Dissolved) mg/L 0.0 0.005 0.0275 0.05 0.005 0.03 0.05 mg/day 0 0.017 3350 0 0 0.00246 0.05 0.01 [c]
Cobalt mg/L - 0.001 0.0055 0.01 0.001 0.006 0.01 mg/day - 0.0033 670 - -
Cobalt (Dissolved) mg/L 0.0 0.001 0.0055 0.01 0.001 0.006 0.01 mg/day 0 0.0033 670 0 0 0.0005 0.001 0.04
Copper mg/L - 0.005 0.0275 0.05 0.005 0.03 0.05 mg/day - 0.0165 3350 - -
Copper (Dissolved) mg/L 0.0008 0.005 0.0275 0.05 0.005 0.03 0.05 mg/day 688 0.017 3350 53 344 0.0032 15 0.03-0.09 [b]
Iron mg/L - 1 355 70 0.09 33 6.5 mg/day - 231 435500 - -
Iron (Dissolved) mg/L 0.056 0.1 3.55 7 0.09 33 6.5 mg/day 48160 23 435500 372 24080 0.37 6.5 -
Lead mg/L - 0.001 0.0055 0.01 0.001 0.006 0.01 mg/day - 0.0033 670 - -
Lead (Dissolved) mg/L 0.0 0.001 0.0055 0.01 0.001 0.006 0.01 mg/day 0 0.0033 670 0 0 0.0005 0.01 0.05 - 0.16 [b]
Magnesium mg/L - 30 165 300 10 55 100 mg/day - 99.1 6700000 - -
Magnesium (Dissolved) mg/L 3.28 30 165 300 10 55 100 mg/day 2820800 99.1 6700000 21779 1410400 8.03 - -
Manganese mg/L - 1 3 5 0.11 0.33 0.55 mg/day - 1.7 36850 - -
Manganese (Dissolved) mg/L 0.03 1 3 5 0.11 0.33 0.55 mg/day 25800 1.7 36850 199 12900 0.056 15 -
Mercury mg/L - 0.00001 0.00002 0.00003 0.00001 0.00002 0.00003 mg/day - 9.9E-06 201 - -
Mercury (Dissolved) mg/L 0.0 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 mg/day 0 3.3E-06 0.67 0.0 0 0.000000 0.001 0.00025
Molybdenum mg/L - 0.001 0.0015 0.002 0.001 0.0015 0.002 mg/day - 0.0007 134 - -
Molybdenum (Dissolved) mg/L 0.0 0.001 0.0015 0.002 0.001 0.0015 0.002 mg/day 0 0.0007 134 0.0 0 0.0001 0.25 10
Nickel mg/L - 0.0075 0.01375 0.02 0.0075 0.014 0.02 mg/day - 0.007 1340 - -
Nickel (Dissolved) mg/L 0.0 0.0075 0.01375 0.02 0.0075 0.014 0.02 mg/day 0 0.007 1340 0.0 0 0.0010 0.08 0.65-1.5 [b]
Selenium mg/L - 0.001 0.003 0.005 0.001 0.003 0.005 mg/day - 0.0017 335 - -
Selenium (Dissolved) mg/L 0.0002 0.001 0.003 0.005 0.001 0.003 0.005 mg/day 172 0.002 335 1.33 86 0.0004 0.01 0.02
Silver mg/L - 0.0001 0.00006 0.00002 0.0001 0.00006 0.00002 mg/day - 6.6E-06 1.34 - -
Silver (Dissolved) mg/L 0.0 0.0001 0.00015 0.0002 0.0001 0.00015 0.0002 mg/day 0 6.6E-05 13.4 0 0 0.00001 0.02 0.0005-0.015
Sodium mg/L - 100 550 1000 20 110 200 mg/day - 330 13400000 - -
Sodium (Dissolved) mg/L 3.89 100 550 1000 20 110 200 mg/day 3345400 330 13400000 25830 1672700 13.53 200 -
Zinc mg/L - 0.05 1.025 2 0.05 1.03 2 mg/day - 0.66 134000 - -
Zinc (Dissolved) mg/L 0.002 0.025 0.5125 1 0.025 0.51 1 mg/day 1720 0.33 67000 13 860 0.051 3 0.075-2.4 [b]

Notes for Table:
(1) Concentrations have been calculated using the average concentration of each sample collected from the overburden, sand and gravel aquifer between 2015 and 2017.
For the purposes of predicting the mass inputs, concentrations of 0.0 mg/L have been used whereever samples were below detection limits (ND or less than the reporting limit).
(2) Contaminant masses are calculated by multipling the forcasted concentration by the volume of the respective source
(3) Final Forecasted Groundwater Concentrations = (sum of masses)/(sum of source volumes)
(4) The forecasted concentration approach is inappropriate for pH and conductivity.
conductivity is estimated as TDS/0.67; pH is expected to fall within the min. and max. range in pre-Landfill, leachate, or effluent.
(5) Infiltation rates used are 72% in the pit (with no vegetation) and 50% for above the pit (with vegetation) - derived from HELP modeling.
- not analyzed or no standard/criteria available.
ND - not detected above the respective laboratory reporting limit
[a] - Limit varies with pH. Ranges are calculated using average pre-landfilling and final predicted concentrations
[b] - Limit varies with Hardness. Ranges are calculated using average pre-landfilling and final predicted concentrations
[c] - Limit is set for hexavalent chromium
(SAD)/(WAD) - strong acid dissolvable/weak acid dissolvable

|exceeds the BC CSR Drinking Water (DW) Standards

|exceeds the BC CSR Aquatic Life (AW) Standards
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16 March, 2018

GHD

10271 Shellbridge Way
Richmond, BC

V6eX 2W8

Attention: Roxy Hasior

Subject: Site Assessment — Potential Aquatic Receptors at the Upland Pit — Campbell River, BC — Updated March
2018

Roxy,

The Upland Group is planning to broaden the spectrum of materials that may be disposed of at their large pit
located at 7295 Gold River Hwy, in Campbell River, BC. To meet this objective, an application under the BC
Contaminated Site Regulation (CSR):L is required. As part of this application, Current Environmental was retained to
complete a ground-level assessment for potential aquatic receptors (aquatic life assessment) within an area
outside the pit area delineated by GHD. This area lies between the Upland Pit boundary to a distance of 500 m to
the east and south (Figures 1 and 2).

METHODS

Generally, field inspection focused on identifying all wetted habitats with the potential to meet the following
definition as outlined in the CSR:

"aquatic life water use” means the use of water as habitat for any component of the freshwater or marine aquatic
ecosystem, including phytoplankton, zooplankton, benthos, macrophytes and fish.

The area of interest (AOI) included the Upland Pit, and a 500 m buffer to the south, southeast, and east of the pit
boundary.

Desktop Review

Prior to completing field surveys, an office-based overview study was completed to inform the assessment work.
Resources consulted as part of the office-based study included:

! March 18, 2013
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Ministry of Environment (MoE) Fisheries Information Database Query (FIDQ) database’;
Fisheries and Oceans Canada (DFO) Mapster v3>;

BC Geographic Warehouse iMapBC4;

MoE HabitatWizardS;

City of Campbell River Interactive WebmapG;

Sensitive Habitat Inventory and Mapping7;

BC Conservation Data Center (CDC) Species and Ecosystem Explorera;

Aerial imagery of the AOL.

N AW N R

Field Surveys

The project area of interest (AOI) was surveyed on foot on April 5" and 6th, 2017. Field surveys were conducted by
walking transects spaced approximately 100 m apart throughout the study area to ensure adequate inventory
coverage. Initial surveys were timed to coincide with elevated flow conditions during spring months; the weather
during these two days was inclement with periods of both rain and sun. An updated assessment was completed on
March 15", 2018, following a period of a few days of intermittent rain. The weather during the 2018 assessment
was sun with some cloud cover. The objectives of the secondary assessment were to confirm previous field
observations, identify any alterations to drainages on the site, and to ascertain the presence of, if any, aquatic
receptors within a 100 m down-gradient direction of the 500 m AOI.

RESULTS

During the field assessment work, two candidate watercourse systems were noted as aquatic receptors within the
study area (Figure 2). Likely a result of the prevalence of deep gravel deposits in the area, it appears that the vast
majority of precipitation and overland flows dissipate into the gravelly and permeable soils. Furthermore the
topography of the surrounding landscape is such that groundwater flows are conveyed away from the Pit. As such,
there were no other habitats with the potential to provide aquatic life water use noted within the subject area.
General comments on the surrounding landscape and the two watercourse systems are discussed in the following
subsections.

Ministry of Environment (2017). Fisheries Inventory Data Queries (FIDQ). Accessed from
<http://www.env.gov.bc.ca/fish/fidq/>

® Fisheries and Oceans Canada (DFO; 2013). Mapster v3 (Archived). Accessed from <http://www.pac.dfo-mpo.gc.ca/gis-
sig/maps-cartes-eng.htm>

* BC Geographic Warehouse (2018). iMapBC. Accessed from <http://www2.gov.bc.ca/gov/content/data/geographic-data-
services/web-based-mapping/imapbc>

s Ministry of Environment (2018). HabitatWizard. Accessed from <http://maps.gov.bc.ca/ess/hm/habwiz/>

6 City of Campbell River (2016). Sustainable Official Community Plan Webmap. Accessed from
<http://webmap.campbellriver.ca/HtmI5Viewer_public/Index.html?viewer=SOCP>

7 Sensitive Habitat Inventory and Mapping (SHIM) Atlas (2018). The Community Mapping Network. Accessed
from <http://www.cmnmaps.ca/SHIM/>

® B.C. Conservation Data Centre. 2017. BC Species and Ecosystems Explorer. Ministry of Environment, Victoria B.C.

Accessed from <http://a100.gov.bc.ca/pub/eswp/>
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General Site Comments

Not surprisingly, soils within the entire study area are dominated by gravel and sand deposits with a high
infiltration rate. Furthermore, the site has a history of significant disturbance; the Upland Pit and similar substrate
sourcing developments in the surrounding area and intensive, recent, forest harvesting have resulted in over 75%
of the site having low ecological function. The southern 40% of the site appears to have been harvested within the
past ten years. The lack of riparian reserve areas is reflective of the lack of significant aquatic habitat features in
the area.

The site generally drains towards the southeast. In the southwest corner of the AOI, a steep slope borders
Watercourse 2, conveying any flows northeast until they reach the watercourse, which would then transport flows
southeast. The area to the south of the pit (between the pit and Watercourse 1) is relatively flat (Photo 10).
Towards the southeast corner of the AOI, the ground slopes down towards the southeast away from the AOI, and
is somewhat terraced near the road that approximately follows the AOI boundary.

Wetland

The wetland where the watercourses affecting the AOI originate was not delineated for the purpose of this
assessment as it falls outside of the AOI boundaries. This wetland feature is classified as a treed swamp.
Vegetation within the swamp was comprised predominantly of slough sedge, willow species, red-osier dogwood,
hardhack, and 12-15 year old western red cedar situated in drier sections (Photo 1). The riparian vegetation
immediately surrounding the wetland included a thick layer of salal, deer fern, western red cedar and Douglas-fir
trees. The wetland is located at a higher elevation than the Upland Pit and adjacent AOI.

Watercourse System 1

This small system originates from the abovementioned small wetland swamp located approximately 70 m outside
of the western AOI boundary. The flows originating from the wetland enter the AOI in a small, somewhat
naturalized channel (bankfull width ~ 1.3 m) flowing east/northeast approximately 140 m south of the
southwestern-most corner of the Upland Pit. This channel bifurcates into several smaller channels that run
downslope (approximately 7° slope), at times under large piles of cut logs. Riparian vegetation on the western
portion of Watercourse 1 within the AOI is a young Douglas-fir (10-20 year) forest with western hemlock, alder,
and western red cedar. A thick layer of salal, oceanspray, bracken fern, and swordfern make up the understory.
The substrates in this portion of Watercourse 1 are typically fine organics and hydrophytic vegetation.
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Figure 1. Overview map showing the location of the project area and the AOI. Figure provided by GHD.

The watercourse flows further downslope to the east in skidder trail ruts; substrates in this section are
predominately organic fines with short sections of exposed bedrock (Photo 2). The channel slope is approximately
6-7° through this section. At the base of the slope, the watercourse widens in a relatively flat area with fine organic
substrates, scattered gravel and angular rock, and then flows into a roadside ditch running north-south (Photo 3).
Flows are conveyed through the roadside ditch for approximately 500 m (southeast) until dissipating to ground
through coarse substrates in what appears to be a smaller gravel borrow area. Substrates in this ditch vary from
fine organics to gravel, cobbles, and angular crush (Photo 4). The substrates along the ditch section of this
watercourse are likely a result of the various materials used to surface the road that have been transported to the
ditch resulting from road use. During the March 15" assessment, the ditch flowed for a short time at the base of
the slope before drying prior to reaching the abovementioned infiltration area (Photo 5). There were no channels
conveying flows away from this pit observed. Young Douglas-fir (2-5 years old), dull Oregon-grape, salal, trailing
blackberry, cedars, and the occasional shore pine characterize the riparian vegetation along the ditch. Riparian
vegetation along the roadside section of this ditch was younger than the upstream end.
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Watercourse System 2

Interestingly, this system originates from the same natural wetland area as the Watercourse System 1 mentioned
above. However, flows from the wetland feeding this system flow in a southeasterly direction through a natural
channel with an average bankfull width of 1.8 m. This channel widens in low gradient areas and is populated with
fine organic substrates in most areas. The majority of this channel flows through a 277 m section of young (2-4
years old) Douglas-fir forested area (Photo 6), similar to the riparian vegetation of the roadside ditch portion of
Watercourse 1, before entering an more mature forest over a ~¥90 m length. The mature forest, with a riparian
community consisting primarily of Douglas-fir with western hemlock, western red cedar, salal, oceanspray, and
swordfern, is confined within a steeply banked ravine (approximately 30° banks; Photo 7). The watercourse crosses
a gravel road; upstream of the road-crossing culvert, the channel is lined with rip rap, and flows were subsurface at
the time of the March 15" 2018 assessment. Watercourse 2 crosses the southern AOI boundary within the steep
ravine. Beyond this point, the watercourse was not assessed. The right (southwestern) bank of Watercourse 2 is a
steep, rocky slope that is elevated above the rest of the AOI (Photo 8). Any runoff or flows from this direction
would be conveyed into Watercourse 2, which flows in a southeasterly direction out of the AOI.

Site Vegetation

As mentioned, the majority of the AOI appears to have been cleared within the past 5-10 years. The vegetation in
most areas is comprised of young Douglas-fir (< 5 year) with some western red cedar and a shrub community
dominated almost exclusively by salal, dull Oregon-grape, and red huckleberryg. The area between Watercourse 1
and the pit boundary is the most recently cleared. On the eastern portion of the AOI, there is a second growth
forest stand that is characterized by Douglas-fir (40-60 years old), western hemlock, western red cedar, red
huckleberry, salal, and dull Oregon-grape (Photo 9). North of this forest, another pit has cleared all vegetation and
excavated large areas of the AOI.

® This shrub community is reflective or relatively well drained soils.
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Figure 2. Results of site assessment showing watercourses affecting the AOI, as well as general vegetation types.



| 558 England Ave
C u rre n Courtenay, BC VIN 2N3
p: 260.871.1944
ENVIRONMENTAL w: currentenvironmental.ca

SUMMARY

Generally, the Upland Pit and surrounding area do not provide high quality habitat. The following is a summary of key
results of the aquatic habitat assessment:

1. Thesite is highly disturbed, both within the Upland Pit and in the 500 m buffer AOI.
Topography indicates surface and groundwater generally flows towards the southeast.

3. Site is largely devoid of significant aquatic habitats as a result of the prevalence of coarse sand and gravel
substrates with a high infiltration rate.

4. Two primary watercourses were identified:

a. Watercourse System 1: flows for approximately 800 m within the AOI. Flows originate from an off-site
wetland, and are conveyed down the gradient towards the southeast, where they dissipate in-stream or
at the terminus of the watercourse in a gravel pit. The watercourse lacks functioning riparian vegetation
in the downstream end.

b. Watercourse System 2: flows for approximately 450 m within the AOI. Flows originate from the same off-
site wetland mentioned above and are conveyed southeast at the base of a large, rocky slope. One area
of the watercourse has mature, functioning riparian vegetation within a ravine at the boundary of the
AOl.

Overall, there is little habitat value within the Upland Pit and surrounding AOI. The site has been highly modified, most of
which has been disturbed within the past 10 years. The two identified watercourse systems do not provide high quality
aquatic habitat.

Please contact the undersigned with any questions.
Sincerely,

CURRENT ENVIRONMENTAL

8 i

Wi s

WARREN FLEENOR, R.P. BIO. PRINCIPAL
DISCLAIMER

This report was prepared exclusively for GHD and Upland Group by Current Environmental. The quality of information,
conclusions and estimates contained herein is consistent with the level of effort expended and is based on: i) information
available at the time of preparation; ii) data collected by the authors and/or supplied by outside sources; and iii) the
assumptions, conditions and qualifications set forth in this report. This report is intended to be used by GHD and Upland
Group only, subject to the terms and conditions of its contract or understanding with Current Environmental. Other use
or reliance on this report by any third party is at that party’s sole risk.
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PHOTOGRAPHS

Photo 2. View looking downstream along Watercourse 1 as it flows down skidder ruts.
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Photo 4. View of the roadside ditch portion of Watercourse 1 showing lack of flows in some sections.
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Photo 5. View of Watercourse 1 where it enters the gravel borrow pit, left, looking upstream at the slope into the pit, and right, looking downstream
into the pit.

Photo 6. View of Watercourse 2 showing young riparian vegetation.
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Photo 8. View looking southwest from near Watercourse 1 showing steep topography southwest of Watercourse 2.
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Photo 9. View of the forested area on the east side

of the AOI.

Photo 10. View of the flat, recently cleared area to the south of the Upland Pit (from approximate Upland Pit boundary).

Aquatic Receptor Assessment — Upland Pit.
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