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1.0 INTRODUCTION 

1.1 Objective  

To provide a description of the Water Management Systems proposed to service the Fraser 
Surrey Docks Direct to Barge (DTB) coal transfer facility. 
 

1.2 General Description of Proposed Water Management Systems 

The water systems at the proposed Fraser Surrey Docks DTB coal terminal will include three 
components: fresh water, coal drainage wastewater and recycled water:  

 

1. FRESH WATER from the City of Surrey water system used to provide clean water for 
dust suppression: 

a. high volume sprays for barge wet down 
b. fine misting sprays at coal transfer points and dumper 
c. Equipment and pavement wash downs. 

 
2. COAL DRAINAGE WASTEWATER will be collected from the process areas (reference 

drawings below) and, as much as possible, recycled.  In heavy rainfall events there will a 
surplus of coal drainage wastewater which will have to be collected, treated and 
discharged from the site.  Three options for discharging the surplus wastewater are 
being investigated: 
 

a. Option A – discharge to the Metro Vancouver sanitary sewer system.  This is the 
preferred option because it poses the least risk to the environment and has been 
discussed with stakeholders during the consultation process.  The predicted 
water quality will meet the quality limits of the sanitary system.  
 

b. Option B – discharge to the onsite storm drainage system, which ultimately 
discharges to the Fraser River and which we understand will require discharge 
permits from PMV and the Ministry of Environment. This option will likely require 
the use of chemical agents to reduce the suspended solids content prior to 
discharge. 
 

c. Option C – discharge to the ground (i.e. infiltration field).  This option will likely 
require the use of chemical agents to reduce the suspended solids content prior 
to discharge. Discharge permits will likely be required from PMV and the Ministry 
of Environment. 
 

Option A is the preferred option with Option B and Option C being secondary options 
should Option A not be achieved. Option A is FSD’s preferred option due to the potential 
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environmental sensitive nature of the latter two options.  
 

3. RECYCLED WATER is coal drainage wastewater which has undergone some primary 
settlement in one of two constructed settlement ponds and can be used to flush out the 
dumper, wash the railcars after dumping and sprayed onto the conveyor belts to mitigate 
any potential dust generation. 
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2.0 WASTEWATER MANAGEMENT 

2.1 Wastewater Management Objectives 

The primary objective is to design and operate an efficient, effective system with negligible 
impact on the environment.  To meet this objective, the following strategies will be employed: 

1. Contain and treat all wastewater within the process area (reference drawings below) 
before discharge to the Metro Vancouver sanitary sewer system (Option A) or, in the 
alternative, to the local storm drainage system (Option B) or to the ground (Option C). 
 

2. Ensure that all discharged wastewater consistently meets Metro Vancouver relevant 
criteria for relevant criteria (e.g. Schedule B – Restricted Wastes) before discharge to 
the sanitary sewer system or, in the alternative, criteria established by the provincial 
Ministry of the Environment before discharge to the local storm drainage system.  Option 
C, disposal to ground, is not subject to regulatory approval by Metro Vancouver.  It is 
subject to provincial permitting processes, if the discharge meets the definition of effluent 
under the Environmental Management Act.  Approval from the land owner, Port Metro 
Vancouver, will be required, and possibly the Provincial Ministry of the Environment via 
the Waste Discharge Regulation. 
 

3. Minimize the amount of wastewater that needs to be treated and discharged by recycling 
as much as possible for use in dumper flushing, railcar wash system, and application to 
the coal on conveyor belts and at transfer points. 
 

2.2 Wastewater Sources- Process Areas 

Process areas are those areas of the site which may accumulate surface coal on the surface 
due to normal railcar unloading (“dumping”) and barge loading activities.  Drainage in the 
process areas is collected separately from the overall site drainage system as it may potentially 
contain coal particles and is technically considered as a wastewater.   This drainage wastewater 
may be produced by washing down equipment and paved areas or, by surface runoff during 
rainfall events. 

The Fraser Surrey Docks coal handling system will have two interconnected process areas 
each with its own drainage collection system as shown on attached sketch drawings  2113-
SK002 P5 (Option A for disposal), 2113-SK003 P3 (Option B for disposal) and 2113-SK004 
P1(Option C for disposal).).  Process areas and drainage collection systems are identical for all 
three options. 

These drawings depict the proposed wastewater management system(s) in a plan view and in 
schematic flow diagrams. The drainage collection system for the defined process areas are 
designed to work with existing drainage infrastructure and site contours to the greatest degree 
possible.  Some pavement milling, overlay and catch basin (CB) relocations may be required to 
completely separate the process drainage collection areas from the existing site storm drainage 
system. The extent of the repaving and CB relocations will be determined after the proposed 
infrastructure for DTB facility has been installed and surveyed. 

As shown on the drawing(s), the process areas are: 

1. The dumper process area includes the dumper and receiving shed, railcar wash, 
train indexer, conveyors and surrounding paved surface.  Wastewater generated 
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in this area will be directed to the Dumper Area Settling Pond, either by overland 
flow or by pump. The settling pond will reduce the  suspended solids i.e. coal 
particles by gravity settling so that the wastewater can be recycled to flush out 
the dumper, wash railcars and for spraying onto the conveyor belts and transfer 
points.  However during heavy rain events there will be a surplus of wastewater 
which will need be pumped to the Loading Area Settling Pond for further settling 
and discharge to the Metro Vancouver Sanitary Sewer (Option A) or to the site 
storm drainage system (Option B), or to the ground (Option C).). 
 

2. The loading process area includes conveyors, the barge loader, and surrounding 
paved surfaces.  Wastewater generated in this area is directed to the Loading 
Area Settling Pond.  This wastewater can be pumped back to the Dumper Area 
Settling Pond if there is a shortage of recycled water at that location.  As shown 
on the Schematic on Plan 2113-SK002 Rev 3, the same pipe will be used for 
transferring wastewater between the Loading Area Settling Pond and the 
Dumper Area Settling Pond in either direction. 

2.3 Treatment and Discharge of Coal Drainage Wastewater 

Coal drainage wastewater can be a dilute slurry.  The suspended solids content of the slurry i.e. 
the amount of coal in the solution could vary widely depending upon the source and the flow 
rate, but can be in the range of 800 mg/litre or parts per million (ppm) to 5000 ppm or 
occasionally higher.  (By way of illustration, a coal slurry with a suspended solids content of 800 
ppm is .08% coal and 99.92% water by weight.)   
 

Excess coal drainage wastewater i.e. a surplus over that usable as recycled water, will need to 
be treated and discharged from the site. Three options exist for the discharge. 

 

2.4 Option A – Discharge to Metro Vancouver Sanitary Sewage System 

(See Sketch Plan 2113-SK002 Rev P5) 

The primary and preferred option is to discharge surplus coal drainage wastewater to the Metro 
Vancouver Sanitary Sewer under a Waste Discharge Permit in accordance with the Greater 
Vancouver Sewerage & Drainage District Sewer Use Bylaw No. 299, 2007.  The bylaw sets 
limitations on the characteristics of the wastewater to be discharged including a maximum 
suspended solids content ≤600 ppm (unless a permit for Restricted Waste is obtained). 

The permit will also stipulate the maximum rate at which wastewater can be discharged to the 
sanitary sewer.  This is an important consideration for the proposed Fraser Surrey Docks as 
heavy rainfall events will generate large volumes of wastewater albeit with lower suspended 
solids content. 

Annual fees are associated with the permit based upon volumes discharged.  There are also 
stringent sampling and recording requirements. 

Sampling and metering of the settled wastewater will be done downstream of the submersible 
pump in the Loading Settlement Pond in a small enclosure at a location to be finalized. 
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FSD, with the assistance of Omni Engineering Inc. and Triton Environmental, has submitted an 
application and additional supporting information to Metro Vancouver for a Waste Discharge 
Permit. 

. 

2.5 Option B – Discharge to Site Storm Drainage System 

(See Sketch Plan SK003 Rev P3) 

If a permit to discharge to the Metro Vancouver Sanitary Sewage System cannot be obtained, 
one alternative is to treat and discharge to the local site storm drainage system which 
discharges into the Fraser River.   A permit would be required from the provincial Ministry of the 
Environment under the Waste Discharge Regulation of the Environmental Management Act and 
discharge requirements to the Fraser River will be more stringent than those for discharge to the 
sanitary sewer. Discharge criteria and monitoring requirements will be permit specific and, as a 
minimum, the following limits are anticipated: 

 

1. Total Suspended Solids less than 50 parts per million 
2. Total Oil and Grease less than 10 parts per million 
3. pH  6.5 to 9.0 

Due to the low specific gravity of coal (SG 1.4) and the small diameter of the coal particles, 
there is some potential that coagulants / flocculants may be required to meet the requirement of 
less than< 50 ppm TSS.   

Chemical treatment systems such as this are in place at two other coal terminals (Westshore 
Terminals LP and Neptune Bulk Terminals) in the Vancouver area.  The chemical agents 
required and the technology to apply them are well established and reliable.  It is anticipated 
that a provincial effluent permit application process would be lengthy (potentially threatening the 
viability of the project). The process would include but not be limited to pre-application meetings 
with the Ministry and completion of a Technical Assessment[1]; the latter requiring information on 
detailed site design and operations, non-product outputs (air contaminants, effluents and 
refuse), human health and ecological risk assessments, Total Costs Assessment (TCA), 
receiving environment characterization, discharge characterization (relative to guidelines and 
legal standards), modeling, cumulative impact assessment and proposed monitoring programs. 
The effluent discharge permitting process would also require its own stakeholder consultation. 
 

2.6 Option C – Discharge to Ground 

(See Sketch Plan SK004 Rev P1) 

Discharge to the ground into an infiltration field is an alternative that is under consideration.  As 
long as it can be established that the discharge is not an environmental or health hazard, there 
may be no requirement for a permit from the provincial Ministry of the Environment. The process 
of establishing that the discharge is not an environmental issue however may prove to be 
                                                 
[1]Potential application requirements discussed with Mr. Chor, Surrey MOE, Senior Environmental Protection Officer. Technical 

assessment requirements outlined in GUIDANCE ON APPLICATIONS FOR PERMITS UNDER THE ENVIRONMENTAL 

MANAGEMENT ACT –  

TECHNICAL ASSESSMENT. http://www.env.gov.bc.ca/epd/waste_discharge_auth/guidance/pdf/assessment.pdf 
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difficult until real field data can be collected.   Chemical and infiltration capacity analyses will be 
required to determine if this option will work.    Approval for discharge to ground will be required 
from the federal landowner, Port Metro Vancouver. Suspended solids content of the wastewater 
will be reduced before discharge to a level acceptable to PMV.  The intent is not only to limit the 
accumulation of coal particles in the ground but also to prevent blinding of the soil which would 
shorten the life of the disposal system.  It is anticipated that a provincial effluent permit 
application process, should it be required, would be lengthy (potentially threatening the viability 
of the project). The process would include but not be limited to pre-application meetings with the 
Ministry and completion of a Technical Assessment[1]; the latter requiring information on detailed 
site design and operations, non-product outputs (air contaminants, effluents and refuse), human 
health and ecological risk assessments, Total Costs Assessment (TCA), receiving environment 
characterization, discharge characterization (relative to guidelines and legal standards), 
modeling, cumulative impact assessment and proposed monitoring programs. The effluent 
discharge permitting process would also require its own stakeholder consultation. 

2.7 Settling Ponds Option A (Discharge to Sanitary Sewer) 

In order to meet the Metro Vancouver limitation of ≤600 ppm suspended solids, it is proposed to 
reduce the suspended solids content of the wastewater by simple gravity settling in two settling 
ponds to be constructed on the site; Dumper Area and Loading Area Settling Ponds. 

1)  Dumper Area Settling Pond 

The majority of coal accumulation occurs during the dumping process and the railcar washing.  
The Dumper Area Settling Pond is designed as a relatively large two celled structure to handle a 
relatively high volume of coal slurry wastewater.  It will include a recycle pump to direct the settled 
wastewater to flush out the dumper, supply the railcar wash and/or to the Loading Area Settling 
Pond when there is a surplus of wastewater.    

 

2) Loading Area Settling Pond 

Coal accumulation in the Loading Process Area will be much less than in the Dumper Process 
Area.  This is the wastewater detention basin prior to discharge point to the Metro Vancouver 
Sanitary Sewer so consideration has to be given to the rate at which the settled wastewater is 
released to the sanitary sewer.  Accordingly, there will be a relatively large detention pond with a 
submersible pump controlled by a variable speed drive (reference drawing).  This pump will speed 
up or slow down depending on the level of water in the detention basin, thus ensuring that treated 
wastewater is not discharged to the sanitary sewer at a higher rate than necessary.  The volume 
of the retention basin will be large enough to limit the maximum rate at which the pump needs to 
operate based upon the 10 year return period, 24 hour storm event.  The detention basin will also 
act as a secondary settling cell to ensure that the suspended solids content of the discharged 
effluent meets the Metro Vancouver limit of 600 ppm. 

 

Coal solids will accumulate in the Loading Area Settling ponds and their designed volume is 
enough for solids accumulation without the requirement for frequent clean-out.  The ponds will be 

                                                 
[1]Potential application requirements discussed with Mr. Chor, Surrey MOE, Senior Environmental Protection Officer. Technical 

assessment requirements outlined in GUIDANCE ON APPLICATIONS FOR PERMITS UNDER THE ENVIRONMENTAL 

MANAGEMENT ACT –  

TECHNICAL ASSESSMENT. http://www.env.gov.bc.ca/epd/waste_discharge_auth/guidance/pdf/assessment.pdf 
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wide enough to allow access for a front end loader when clean-out is required.  Preliminary sizing 
for the both the Dumper Area and Loading area settling pops is 15m x 30m x 3 m deep. A ramp 
will be provided at one end for front end loader access.  Details of construction are to be finalized 
but are expected to resemble the pond shown below. 

 

 

 

   

 

 

 

1.0 Typical Primary/Secondary 
Settling Pond under construction 

 

 

 

 

2.8 Settling Ponds Option B (Discharge to Storm Sewer) 

The Dumper Area Settling Pond for Option B will be identical to that proposed for Option A.  
However the Loading Area Settling Pond will be somewhat different: 

1. A treatment building will be included to dilute and inject the chemical agents required to 
reduce suspended solids to acceptable levels (likely ≤50 ppm) 
 

2. There will be a primary gravity settling cell prior to the chemical injection which will: 
a. collect local drainage 
b. act as a transfer point from and to the Dumper Area Settling Pond 
c. have a fixed rate pump to direct excess wastewater to the treatment building 

where a coagulant and a flocculent will be injected 
 

3. A secondary settling cell where the coal fines in the treated wastewater will settle out 
prior to discharge to the storm sewer. 

Final design details will be governed by MOE and PMV permit requirements. 

 

2.9 Settling Ponds Option C (Discharge to Ground)  

It is anticipated that the settling ponds for Option C will likely be identical to those proposed for 
Option B.  This will however be determined by requirements from MOE and PMV.  
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2.10 Reducing Suspended Solids Content by Gravity Settling 

The vertical velocity i.e. the settling rate of any particle in a liquid is determined by Stokes Law 
(see Appendix A) which takes into account: 
 

 particle diameter 
 particle specific gravity 
 viscosity of the liquid 
 specific gravity of the liquid 

 
Coal has low specific gravity (typically SG 1.4) vs. mineral aggregates (typically SG 2.7).  The 
particle diameter of a coal sample is illustrated by a particle size distribution curve and available 
information on the Powder River Basin coal to be loaded out indicates a relatively large 
percentage of fine (small diameter) particles.  The combination of low specific gravity and small 
particle diameter will result in low settling velocities and the settling ponds have to be sized 
accordingly though it should be possible to achieve a suspended solids content ≤600 ppm at the 
discharge from the site without the use of chemical agents. 

If it becomes necessary to discharge to the local storm drainage system, chemical agents will 
be required to reduce the suspended solids content to ≤50 ppm.  The chemical agents are a 
coagulant which neutralizes the negative electrical charge on coal particles and a polymer 
flocculent which attracts the neutralized particles. The net result is to cause the coal particles to 
agglomerate resulting in a larger diameter mass and increased settling velocity in accordance 
with Stokes Law. 

 

2.11 Treated Discharge Water Quality 

Laboratory analyses were conducted on 600 mg/L solutions of Power River Basin (PRB) coal 
and water to evaluate potential metals, polycyclic aromatic hydrocarbons (PAH), volatile organic 
compounds (VOC), sulphate and phenols concentrations in wastewater generated onsite. 
These analyses were completed to evaluate water quality based on potential residence times in 
the treatment system and included samples collected from 600 mg/L solutions that sat for one 
and two weeks respectively, prior to extraction for metals, sulphate and organics analyses. 
These results are summarized below in Table 1 and demonstrate a limited number of metals 
and organics were detected (Table 1, Appendix 1). None of the detected parameters were 
above available Schedule B-Restricted Waste Criteria for discharge to sanitary sewer.   
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Table 1. Detected parameters – 600 mg/L PRB coal and water solutions 

 

Parameter  Units 
Detection 

limit 

< 2 mm 
Coal @ 
600 

mg/L ‐ 1 
WEEK 

< 2 mm 
Coal @ 
600 mg/L 
‐ 1 WEEK 
(agitated) 

< 2 mm 
Coal @ 
600 

mg/L ‐ 2 
WEEK 

< 2 mm 
Coal @ 
600 mg/L 
‐ 2 WEEK 
(agitated) 

GVSD&D 
Restricted 
waste 
criteria 17‐Sep‐

13 
17‐Sep‐

13 
24‐Sep‐

13 
24‐Sep‐

13 

Water Water Water Water 

pH 
pH 
units 

0.01  7.15  7.12  7.36  7.06 
5.5 to 
10.5 

Aluminum, total  mg/L  0.05  <0.05  0.21  <0.05  0.42  50 

Barium, total  mg/L  0.05  <0.05  0.28  <0.05  0.37  ‐ 

Copper, total  mg/L  0.002  <0.002  <0.002  <0.002  0.003  2 

Iron, total  mg/L  0.1  <0.1  0.2  <0.1  0.5  10 

Magnesium, total  mg/L  0.1  <0.1  0.1  <0.1  0.2  ‐ 

Manganese, total  mg/L  0.002  <0.002  0.003  <0.002  0.007  5 

Sodium, total  mg/L  0.2  0.9  1  1.1  1.3  ‐ 

Strontium, total  mg/L  0.01  <0.01  0.04  <0.01  0.07  ‐ 

Benzo (a) pyrene  ug/L  0.01  <0.01  0.01  <0.01  <0.01  ‐ 

Phenanthrene  ug/L  0.1  <0.10  0.17  <0.10  <0.10  ‐ 

Total PAH  ug/L  ‐  n/d  0.18  n/d  n/d  50 

Chloroform  ug/L  1  6.2  5.6  6.2  6.5  ‐ 

Methylene chloride  ug/L  3  <3.0  6.8  <3.0  <3.0  ‐ 

 

In the event discharge to sanitary sewer is not possible, FSD would complete additional 
analyses consistent with the provincial effluent permit application process, including but not 
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limited to pre-application meetings with the Ministry and the Technical Assessment1; with the 
latter requiring information on detailed site design and operations, non-product outputs (air 
contaminants, effluents and refuse), human health and ecological risk assessments, Total Costs 
Assessment (TCA), receiving environment characterization, discharge characterization (relative 
to guidelines and legal standards), modeling, cumulative impact assessment and proposed 
monitoring programs.  The provincial effluent discharge permitting process would also require 
stakeholder consultation.  

 

2.12 Monitoring of Discharge Water Quality 

Please refer to Appendix C. 

2.13 Discharge Rates 

 

Discharge to the sanitary sewer or the storm sewer or to the ground will be determined primarily 
by rainfall, as discussed below.  Average discharge rates will be quite low but the peak run off 
flow rate caused by a very heavy rainfall event has to be accommodated.   For example, it is 
conventional practice to use a ten year return period IDF (Intensity Duration Frequency) curve 
for the design of relatively small storm drainage areas such as the Fraser Surrey Docks process 
areas.   The closest and most relevant rainfall gauge data is at Vancouver International Airport 
(See Appendix B).  The Rational Method, although somewhat simplistic, is also an appropriate 
and conservative methodology for this application whereby: 

 

Q =CIA where 

 

Q = Volume of runoff, in cubic meters (m3) 

C = Concentration factor.  In this case we have a mixture of paved surfaces and the emergency 
coal stockpile, 0.8 used. 

I  = rainfall intensity mm/hr for the time period under consideration (as read from the IDF curve) 

A = Area.  In this case the total area of the Dumper Process Area, Loading Process Area 11,164 
m2. 

As runoff accumulates it either has to be temporarily stored (“detained”) or discharged from the 
site.  The amount of detention storage required will depend upon the rate at which it can be 
discharged from the site.  The following table illustrates a typical scenario for this site where the 
maximum discharge rate has arbitrarily set at a 5 L/sec (80 US gpm) which would be perhaps 
applicable to Option A – Discharge to the sanitary sewer.  The resulting storage required is 
approximately 338.3 m3. 

 

                                                 
1Potential application requirements discussed with Mr. Chor, Surrey, Senior Environmental Protection Officer. Technical assessment 

requirements outlined in GUIDANCE ON APPLICATIONS FOR PERMITS UNDER THE ENVIRONMENTAL MANAGEMENT ACT –  

TECHNICAL ASSESSMENT. http://www.env.gov.bc.ca/epd/waste_discharge_auth/guidance/pdf/assessment.pdf 
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TABLE 2  Stormwater Accumulation for 10 year rain event  
 
 

 

T ime 

Minutes

mm/hr     

IDF curve
mm c

area       

m2

volume 

runoff      

m3

pump 

L/sec

volume 

discharge 

m3

volume 

stored      

m3

5 55 4.6 0.9 11164 46.1 5 1.5 44.6

10 40 6.7 0.9 11164 67.0 5 3 64.0

15 31 7.8 0.9 11164 77.9 5 4.5 73.4

20 28 9.3 0.9 11164 93.8 5 6 87.8

30 22 11.0 0.9 11164 110.5 5 9 101.5

40 19 12.7 0.9 11164 127.3 5 12 115.3

60 15 15.0 0.9 11164 150.7 5 18 132.7

120 11 22.0 0.9 11164 221.0 5 36 185.0

480 6 48.0 0.9 11164 482.3 5 144 338.3

600 4.8 48.0 0.9 11164 482.3 5 180 302.3

720 4.1 49.2 0.9 11164 494.3 5 216 278.3

1440 2.9 69.6 0.9 11164 699.3 5 432 267.3

 

 

 

Note that the table above illustrates the discharge rate required for the extreme rainfall event.  
The average discharge rate will be much lower than this.  As noted in a previous section of this 
document, the discharge pump will vary its discharge rate to match the incoming flow rate for 
Option A. 

Discharge to the storm drain or infiltration field (options B and C) would not be restricted for flow 
rates.  However the chemical injection systems work best with a constant flow rate.  A suitable 
flow rate would be 15 L/sec.  When the table above was reworked with a pump rate of 15 L/sec, 
the required storage was only 113m3 
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3.0 CITY OF SURREY WATER REQUIREMENTS 

3.1 Uses 

 
Water will be drawn from the existing site water system for: 

 

1. Spraying on loaded barges for dust suppression. 
2. Misting sprays at dumper and transfers.  Recycled water cannot be used for this purpose 

as it would clog the very fine misting nozzles. 
3. Site and equipment wash downs 
4. Spraying on emergency coal stockpile (infrequent) for dust suppression 

 

3.2 Volumes Required 

Maximum Daily Volume and Flow rate based upon extreme dry windy weather and coal in 
emergency stockpile area: 

 

Estimated Maximum Daily Volume  562 m3   

Estimated Maximum Flow Rate 18.5 L/sec (295 US gpm) 

 

Annual Volumes required based upon maximum terminal throughput of 4 million tonnes per year 
and an average moisture increase due to dust suppression water of 1% 

 

Estimated Annual Volume  40,000 m3 

Estimated Average Day Volume 110 m3 
 

3.3 Overspray from Barge Sprays 

 

FSD is proposing to use the municipal water supply for onsite dust suppression. The bulk of this 

water will be maintained onsite for treatment and subsequent re-use. However, some non-

recycled water will be used during barge loading (at the barge loader) and some will be applied 

to the coal in loaded barges before they leave the Berth. Fine misting sprays (capacity of 1 L/s) 

would be used at the barge loader and up to five (5) portable spray units (e.g. Big Guns® or 

similar) would be used on the loaded barges (see Drawing Option A – Discharge to Sanitary 

Sewer). Note that watering the loaded barges would not be necessary year round; but would be 
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required to varying degrees during drier conditions. Spray frequency and duration can be 

controlled by a PLC program to minimize the risk of excessive water use.  

The portable spray units can be modified with respect to position and angle to control spray 

dispersion. However, there is some potential for overspray into the surrounding environment when 

the units are in use at the loaded barges. Overspray from the mister used at the barge loader 

itself may occur during windy conditions.  

The municipal water supply contains a chlorine residual (≤ 1 mg/L) to inhibit bacterial growth in 

the distribution lines (Ministry of Environment, 1999)2. Chlorine can impact water quality and 

aquatic life depending on the nature of the receiving environment, the chlorine concentration and 

the duration of exposure to chlorine. The maximum BC Approved Water Quality Guidelines for 

chlorine in freshwater and estuarine environments are 0.1 mg/L and 0.04 mg/L respectively 

(Ministry of Environment, 1999). The Canadian Council of the Minister of the Environment 

(CCME) has established guidelines for reactive chlorine species in freshwater (0.0005 mg/L) and 

chlorine produced oxidants in marine water (0.0005 mg/L)3. 

Chlorine is reactive and volatile, and when present in water, will readily convert to a gas when 

exposed to open air. Chlorine has a boiling point of -34.04 °C; and is a gas under environmental 

conditions (HSDB 2009) (ATSDR, 2010)4. Chlorine gas dissolves in water (7.3 g/L at 20 °C) and 

immediately converts to hypochlorous acid (HOCl) and chloride (Cl-) at typical environmental pH 

levels (ATSDR, 2010). Because chlorine is reactive, it is short lived in the environment. Chlorine 

quickly reacts with organic and inorganic matter and is converted almost immediately once it 

dissolves in water. Chlorine in the air is broken down via photolysis and its half-life in lower 

atmosphere is measured in minutes (ATSDR, 2010).  

Given these characteristics, the use of municipal water for dust suppression at the barges is not 

expected to negatively affect Fraser River water quality. The chlorine is expected to be converted 

and / or broken down through direct contact with the coal; and through exposure to the open air 

through pressurized discharge from the nozzles on the misting spray and portable gun units.  

 

Prior to coal being delivered onsite, FSD will conduct in situ and analytical chlorine testing in the 

Fraser River before and after the mobile spray and barge loader misting units are installed and 

                                                 

2 Ministry of Environment. Ambient Water Quality Criteria for Chlorine. Overview Report. December 15, 1989 

3 Canadian Water Quality Guidelines for the Protection of Aquatic Life. REACTIVE CHLORINE SPECIES 

4 ATSDR. Toxicological Profile. Chlorine. November 2010. 

Fraser Surrey Docks LP Direct to Coal Barge Coal Project PMV WMP Document

Submitted on October 15th, 2013 18 of 45



 

 

 

operational. The results will be used to determine if some level of de-chlorination (e.g. application 

of sodium thiosulphate - Na2S2O3) may be required for use on the dust suppression water supply. 

Additional testing will be conducted once the site is fully operational and the mister and mobile 

spray units are in use for coal dust suppression. At this writing we understand non-detect results 

for in situ analyses of chlorine will be acceptable to the Port in the context of the operating site.    
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4.0 DUST SUPPRESSION BY WATER SPRAYS: 

4.1 Location of Dust Suppression Water Sprays  

1. Railcar Dumper – misting sprays which produce very small droplets to knock any fugitive 
dust out of the air plus larger nozzle sprays to wet coal as it is being dumped.  The 
misting sprays will use fresh water (necessary to avoid nozzle clogging).  The large 
nozzle sprays will use recycled water (see following section). 
 

2. Railcar Wash – after dumping the railcars will pass under a spray arch to wash off any 
residual coal which otherwise could generate dust on their return journey.  The spray 
arch will use recycled water. 
 

3. Spray bars on conveyor- the surface of the coal on the conveyor belts will be wetted with 
recycled water. 
  

4. Transfers will have misting sprays, similar to the dumper, using fresh water. 
Barge loader will have fine misting nozzles to mitigate dust generated by falling coal.  
These will be supplied with fresh water.  
 

5. Coal Barges – After loading, the coal barges will be wetted down by Big Guns on the 
dock which will be supplied with fresh water.  The requirement to wet down the barges 
will likely not be necessary during the wet winter months.  Spraying frequency and 
duration will be controlled by a PLC program to minimize risk of excessive water 
application 
 

 

 

 

 

 

 

2.0 Portable Water Spray in Operation 

 

The sprays can be relocated to suit the configuration of 
a coal pile and the prevailing wind direction 
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3.0 Railcar Wash in 
Operation 

4.1.1 Transfer Misting Sprays: 

The location of the sprays at the transfer and surge bin will be both at the incoming point (the 
head box) and outgoing end (tail end of conveyor). 

4.0 Typical transfer point fogging arrangement 

Fraser Surrey Docks LP Direct to Coal Barge Coal Project PMV WMP Document

Submitted on October 15th, 2013 21 of 45



 

 

 

4.1.2 Dumper Sprays 

 

The dumper building will have fine misting sprays along its length and at the outgo and inlet end 
of the building to act as dust curtain (continuous operation). 

 

5.0 Typical Dumper Misting Sprays 

 

 

 

 

 

 

There will also be wet down nozzles which will operate at conclusion of dumping operation for 20 
seconds (to be confirmed after operating experience). They will have relatively large nozzles using 
recycled water to provide the volume of water required for this purpose: 
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APPENDIX A 
_______________________________________________________________________________ 

Stokes Law 

Vancouver International Airport Idf Curve 
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APPENDIX B 
_______________________________________________________________________________ 

Information on Dust Suppression Sprays 
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APPENDIX B – DESIGN OF THE WATER SPRAYS
Water is used for dust suppression in two different ways: 

1. WETDOWN COAL STOCKPILE AND LOADED BARGES: To keep coal piles wet and 
prevent the generation of dust by wind.   This is done with large nozzle sprinklers such 
as the Nelson Big Gun which have specifically been designed for this purpose.  They are 
similar to agricultural sprinklers but have a higher trajectory (43 degrees) which is 
approximately the angle of repose of a coal pile.  The nozzles have a very large orifice, 
up to 1.2”, to provide a high volume of water and long throw.  Droplet size is not critical.   
Coal is to some degree hydrophobic and care has to be taken to limit the duration of the 
sprays to avoid a pile washout and/or excessive runoff.  

Design of the wet down system will include the selection of appropriate sized Big Gun 
sprays, layout to provide full coverage and a PLC control system to sequence them and 
to avoid overspraying.  

2. MISTING NOZZLES To capture  fugitive airborne dust.  This requires nozzles with very 
fine orifices to produce small droplets which will capture the fine dust particles.  The 
volumes of water required are minimal. Spraying Systems company “ Whirljet” nozzles 
will be installed in the dumper, at the transfers and at the shiploader for this purpose.  
The piping to the nozzles is small diameter and it is relatively easy to relocate the 
misting nozzles if operating experience indicates some  particularly troublesome 
locations.

The following pages contain some general information on both types of water sprays. 
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APPENDIX C 
_______________________________________________________________________________ 

Water and Sediment Monitoring Program 
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 8971 Beckwith Road  Phone 604 279 2093 
 Richmond, BC V6X 1V4 Fax 604 279 2047 

 

Offices in Richmond, Terrace, Prince George, Kamloops & Calgary                                              Page 1 
www.triton-env.com 

V5, September 2013 

Reference: 4419 
 

Jurgen Franke, P.Eng. 

Fraser Surrey Docks LLP 

Director of Engineering & Maintenance 

11060 Elevator Rd 

Surrey, BC, V3V 2R7 

 

Re: Proposed water and sediment quality monitoring programs for the operating 

temporary coal offloading facility at Fraser Surrey Docks (FSD), Surrey BC 

1.0 Introduction 

This document outlines a proposed operations phase water and sediment quality monitoring 

program for the temporary coal offloading facility at Fraser Surrey Docks, (FSD) in Surrey, BC.  

2.0 Water quality monitoring  

Storm water and dust suppression waters will typically be collected, treated and re-used in the 

system, although the offsite discharge of some treated water may be required during heavy rain 

events.  
 

A water quality monitoring program will be used to confirm and evaluate the function of the 

onsite water collection and treatment system. A site-specific treatment system is under design 

and at a minimum, routine pH adjustment and solids removal are anticipated during operations. 

The design contemplates two discharge options, both under strict permit approval guidelines. 

Option A involves discharge to Metro Vancouver’s Sanitary while Option B involves a discharge 

of treated runoff to the storm sewer system / Fraser River.  
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2.1 Pre-construction water quality sampling  
 

In preparation for a discharge permit  (Sanitary sewer or Storm sewer), pre-construction 

sampling followed by a water treatment system test will be needed; with analytical sampling 

reflective of Schedule 5  -  Restricted Wastes, Greater Vancouver Sewerage and Drainage 

District (GVS&DD) Sanitary Sewer Use Bylaw 299. Sampling parameters will include: 
 

 Biochemical Oxygen Demand (BOD)  Total and dissolved metals 

 pH (in situ and analytical)  Total suspended solids (TSS) 

 Phenols (chlorinated / non-chlorinated)  Volatile Organic Compounds (VOC) 

 Sulphate  Oil & Grease 

 

2.2 Operational water quality monitoring 

 

For Options A and B, a water quality monitoring program will be used to confirm and evaluate 

the function of the onsite water collection and treatment system. At a minimum, routine pH 

adjustment and solids removal (for a discharge to sanitary) are anticipated during operations. 

This will require some combination of a buffering agent to raise the pH and flocculent injection in 

association with tank storage to settle the suspended solids. We recommend a combination of 

field sampling (in-situ) and laboratory analyses be conducted on the treated discharge, with 

daily in-situ measurements of pH, conductivity and turbidity when the treatment system is 

running. These parameters can be measured in the field with hand held meters or using 

autosamplers, and can be used to quickly identify treatment system malfunction and / or 

maintenance needs. The monitoring data will be maintained in a database to evaluate system 

performance on an ongoing basis. Monthly confirmatory analytical samples of the treated 

discharge are also recommended - emphasizing pH, total suspended solids (TSS) and turbidity 

(Table 1).  
 

Table 1. Monitoring program for Option A – discharge to sanitary sewer 

Parameter 
Frequency 

(in-situ) 
Frequency 
(analytical) 

conductivity Daily Monthly 

pH Daily Monthly 

turbidity Daily Monthly 

TSS - Monthly 
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A provincial effluent discharge permit to the storm sewer / Fraser River (Option B) will specify 

the parameters and the frequency of sampling for each parameter in the treated discharge and 

the Fraser River receiving environment. The monitoring program would be developed in the 

context of anticipated discharge water quality, discharge volumes and the dilution capacity of 

the receiving environment.  

 

NOTE: In addition to the parameters listed above, pre-operations chlorine testing will be 

conducted on the sprinkler systems used for dust suppression. These systems will make use of 

the municipal water supply; which contains residual chlorine. FSD proposes to collect in situ and 

analytical chlorine samples in the Fraser River while the sprinklers are running to ensure 

chlorine levels are below detection. In situ and analytical chlorine sampling will also be 

conducted once the site is operational to confirm sprinkling strategies are not resulting in 

detectable chlorine in the Fraser. We recommend daily in-situ sampling for the first month the 

sprinklers are actively in use for onsite dust suppression. Depending on these preliminary 

results, once weekly sampling thereafter would likely be sufficient for monitoring purposes.  

3.0 Sediment quality monitoring  

Given the dust and spill control measures proposed for the facility, coal is not expected to 

accumulate in abundance in the sediments at or around the FSD during operations. However, 

FSD is proposing a twice yearly sediment survey to collect samples for particle size analyses, 

total organic carbon (TOC) and % coal content. The following program is recommended: 
 

 Samples will be collected twice annually, including once in September at the tail end of 

freshet and then once in February, the latter timeframe corresponding with some of the 

lowest average discharge rates at the closest non-tidal Water Survey of Canada station 

in the Fraser River (Fraser River at Agassiz-08MF035) for which more recent data are 

available (into the 1990s) 
 

o Samples collected in September will reflect sediment conditions after peak 

freshet in the river (June / July) and would provide a yearly, site-specific basis for 

comparison with the winter samples  
 

o The winter timeframe reflects a ≥6 month period after peak freshet and would be 

an optimal time for evaluating the highest potential coal particle accumulations in 

local sediments  
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 Surface sediment grab samples would be collected from 10 evenly distributed locations 

(following a grid pattern) at Berth 2 where the paired barges will be loaded 
 

o We recommend collecting a full set of samples prior to operations to describe the 

pre-project conditions in the barge loading area 
 

o The first set of operational samples are recommended for the February following 

the start of operations 
 

o Samples will be sent to CARO Analytical and the UBC Mining Laboratory for 

particle size analyses, % coal content and %TOC 

 

These data would be used to track potential coal accumulations in the vicinity of the barge 

loading area throughout the operations phase of the project. Additional samples may be 

collected outside of the immediate barge loading areas depending on the results from samples 

collected at the 10 onsite locations during the operational phases.  

4.0 Closing  

If you have any questions, comments or concerns about this letter please contact the 

undersigned at 604-790-6915, 604-279-2093 or kgraf@triton-env.com 

 

  

 

Karla Graf, PM 

Bach. Env. Eng.  

Dip T RRM 

Cert. Tech. Comm 

 

Triton Environmental Consultants Ltd 
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APPENDIX 1: SUMMARY OF SEPTEMBER 2013 METALS, PAH, VOC,SULPHATE AND 
PHENOLS RESULTS 

 

Parameter  Units 
Detection 

limit 

< 2 mm 
Coal @ 

600 mg/L ‐ 
1 WEEK 

< 2 mm 
Coal @ 

600 mg/L ‐ 
1 WEEK 

< 2 mm 
Coal @ 

600 mg/L ‐ 
2 WEEK 

< 2 mm 
Coal @ 

600 mg/L ‐ 
2 WEEK 

GVSD&D 
Restricted 
waste 
criteria 

17‐Sep‐13  17‐Sep‐13  24‐Sep‐13  24‐Sep‐13 

Sulfate  mg/L  1  <1.0  <1.0  <1.0  <1.0  1500 

pH  pH units  0.01  7.15  7.12  7.36  7.06  5.5 to 10.5 

Hardness, Total (Total as 
CaCO3) 

mg/L  ‐  <5.0  <5.0  <5.0  <5.0  ‐ 

Aluminum, total  mg/L  0.05  <0.05  0.21  <0.05  0.42  50 

Antimony, total  mg/L  0.0010  <0.001  <0.001  <0.001  <0.001  ‐ 

Arsenic, total  mg/L  0.005  <0.005  <0.005  <0.005  <0.005  1 

Barium, total  mg/L  0.05  <0.05  0.28  <0.05  0.37  ‐ 

Beryllium, total  mg/L  1.00E‐03  <0.001  <0.001  <0.001  <0.001  ‐ 

Bismuth, total  mg/L  1.00E‐03  <0.001  <0.001  <0.001  <0.001  ‐ 

Boron, total  mg/L  0.04  <0.04  <0.04  <0.04  <0.04  50 

Cadmium, total  mg/L  0.0001  <0.0001  <0.0001  <0.0001  <0.0001  0.2 

Calcium, total  mg/L  2  <2  <2  <2  <2  ‐ 

Chromium, total  mg/L  0.005  <0.005  <0.005  <0.005  <0.005  4 

Cobalt, total  mg/L  0.0005  <0.0005  <0.0005  <0.0005  <0.0005  5 

Copper, total  mg/L  0.002  <0.002  <0.002  <0.002  0.003  2 

Iron, total  mg/L  0.1  <0.1  0.2  <0.1  0.5  10 

Lead, total  mg/L  1.00E‐03  <0.001  <0.001  <0.001  <0.001  1 

Lithium, total  mg/L  0.0010  <0.001  <0.001  <0.001  <0.001  ‐ 

Magnesium, total  mg/L  0.1  <0.1  0.1  <0.1  0.2  ‐ 

Manganese, total  mg/L  0.002  <0.002  0.003  <0.002  0.007  5 

Mercury, total  mg/L  0.0002  <0.0002  <0.0002  <0.0002  <0.0002  0.05 

Molybdenum, total  mg/L  0.0010  <0.001  <0.001  <0.001  <0.001  1 
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Nickel, total  mg/L  0.002  <0.002  <0.002  <0.002  <0.002  2 

Phosphorus, total  mg/L  0.2  <0.2  <0.2  <0.2  <0.2  ‐ 

Potassium, total  mg/L  0.2  <0.2  <0.2  <0.2  <0.2  ‐ 

Selenium, total  mg/L  0.005  <0.005  <0.005  <0.005  <0.005  1 

Silicon, total  mg/L  5  <5  <5  <5  <5  ‐ 

Silver, total  mg/L  0.0005  <0.0005  <0.0005  <0.0005  <0.0005  1 

Sodium, total  mg/L  0.2  0.9  1  1.1  1.3  ‐ 

Strontium, total  mg/L  0.01  <0.01  0.04  <0.01  0.07  ‐ 

Sulfur, total  mg/L  10  <10  <10  <10  <10  ‐ 

Tellurium, total  mg/L  0.002  <0.002  <0.002  <0.002  <0.002  ‐ 

Thallium, total  mg/L  0.0002  <0.0002  <0.0002  <0.0002  <0.0002  ‐ 

Thorium, total  mg/L  1.00E‐03  <0.001  <0.001  <0.001  <0.001  ‐ 

Tin, total  mg/L  0.002  <0.002  <0.002  <0.002  <0.002  ‐ 

Titanium, total  mg/L  0.05  <0.05  <0.05  <0.05  <0.05  ‐ 

Uranium, total  mg/L  0.0002  <0.0002  <0.0002  <0.0002  <0.0002  ‐ 

Vanadium, total  mg/L  0.01  <0.01  <0.01  <0.01  <0.01  ‐ 

Zinc, total  mg/L  0.04  <0.04  <0.04  <0.04  <0.04  3 

Zirconium, total  mg/L  1.00E‐03  <0.001  <0.001  <0.001  <0.001  ‐ 

2‐Chlorophenol  ug/L  0.2  <0.2  <0.2  <0.2  <0.2  ‐ 

3 & 4‐Chlorophenol  ug/L  0.3  <0.3  <0.3  <0.3  <0.3  ‐ 

2,3‐Dichlorophenol  ug/L  0.2  <0.2  <0.2  <0.2  <0.2  ‐ 

Fraser Surrey Docks LP Direct to Coal Barge Coal Project PMV WMP Document

Submitted on October 15th, 2013 41 of 45



 

 

APPENDIX 1: SUMMARY OF SEPTEMBER 2013 METALS, PAH, VOC,SULPHATE AND 
PHENOLS RESULTS 

 

Parameter  Units 
Detection 

limit 

< 2 mm 
Coal @ 

600 mg/L ‐ 
1 WEEK 

< 2 mm 
Coal @ 

600 mg/L ‐ 
1 WEEK 

< 2 mm 
Coal @ 

600 mg/L ‐ 
2 WEEK 

< 2 mm 
Coal @ 

600 mg/L ‐ 
2 WEEK 

GVSD&D 
Restricted 
waste 
criteria 

17‐Sep‐13  17‐Sep‐13  24‐Sep‐13  24‐Sep‐13 

2,4 & 2,5‐Dichlorophenol  ug/L  0.2  <0.2  <0.2  <0.2  <0.2  ‐ 

2,6‐Dichlorophenol  ug/L  0.2  <0.2  <0.2  <0.2  <0.2  ‐ 

3,4‐Dichlorophenol  ug/L  0.2  <0.2  <0.2  <0.2  <0.2  ‐ 

3,5‐Dichlorophenol  ug/L  0.2  <0.2  <0.2  <0.2  <0.2  ‐ 

2,3,4‐Trichlorophenol  ug/L  0.5  <0.5  <0.5  <0.5  <0.5  ‐ 

2,3,5‐Trichlorophenol  ug/L  0.5  <0.5  <0.5  <0.5  <0.5  ‐ 

2,3,6‐Trichlorophenol  ug/L  0.5  <0.5  <0.5  <0.5  <0.5  ‐ 

2,4,5‐Trichlorophenol  ug/L  0.5  <0.5  <0.5  <0.5  <0.5  ‐ 

2,4,6‐Trichlorophenol  ug/L  0.5  <0.5  <0.5  <0.5  <0.5  ‐ 

3,4,5‐Trichlorophenol  ug/L  0.5  <0.5  <0.5  <0.5  <0.5  ‐ 

2,3,4,5 & 2,3,5,6‐
Tetrachlorophenol 

ug/L  0.5  <0.5  <0.5  <0.5  <0.5  ‐ 

2,3,4,6‐Tetrachlorophenol  ug/L  0.5  <0.5  <0.5  <0.5  <0.5  ‐ 

Pentachlorophenol  ug/L  0.5  <0.5  <0.5  <0.5  <0.5  ‐ 

Phenols (chlorinated)  ug/L  ‐  n/d  n/d  n/d  n/d  50 

Phenol  ug/L  0.5  <0.5  <0.5  <0.5  <0.5  ‐ 

2‐Methylphenol  ug/L  0.5  <0.5  <0.5  <0.5  <0.5  ‐ 

3 & 4‐Methylphenol  ug/L  0.5  <0.5  <0.5  <0.5  <0.5  ‐ 

2,4‐Dimethylphenol  ug/L  0.5  <0.5  <0.5  <0.5  <0.5  ‐ 

2‐Nitrophenol  ug/L  0.5  <0.5  <0.5  <0.5  <0.5  ‐ 

4‐Nitrophenol  ug/L  0.5  <0.5  <0.5  <0.5  <0.5  ‐ 

2,4‐Dinitrophenol  ug/L  0.5  <0.5  <0.5  <0.5  <0.5  ‐ 

2‐Methyl‐4,6‐
dinitrophenol 

ug/L  0.5  <0.5  <0.5  <0.5  <0.5  ‐ 
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Phenols (non chlorinated)  ug/L  ‐  n/d  n/d  n/d  n/d  1000 

Acenaphthene  ug/L  0.05  <0.05  <0.05  <0.05  <0.05  ‐ 

Acenaphthylene  ug/L  0.05  <0.05  <0.05  <0.05  <0.05  ‐ 

Acridine  ug/L  0.1  <0.10  <0.10  <0.10  <0.10  ‐ 

Anthracene  ug/L  0.05  <0.05  <0.05  <0.05  <0.05  ‐ 

Benzo (a) anthracene  ug/L  0.05  <0.05  <0.05  <0.05  <0.05  ‐ 

Benzo (a) pyrene  ug/L  0.01  <0.01  0.01  <0.01  <0.01  ‐ 

Benzo (b) fluoranthene  ug/L  0.05  <0.05  <0.05  <0.05  <0.05  ‐ 

Benzo (g,h,i) perylene  ug/L  0.05  <0.05  <0.05  <0.05  <0.05  ‐ 

Benzo (k) fluoranthene  ug/L  0.05  <0.05  <0.05  <0.05  <0.05  ‐ 

Chrysene  ug/L  0.05  <0.05  <0.05  <0.05  <0.05  ‐ 

Dibenz (a,h) anthracene  ug/L  0.05  <0.05  <0.05  <0.05  <0.05  ‐ 

Fluoranthene  ug/L  0.05  <0.05  <0.05  <0.05  <0.05  ‐ 

Fluorene  ug/L  0.05  <0.05  <0.05  <0.05  <0.05  ‐ 

Indeno (1,2,3‐cd) pyrene  ug/L  0.05  <0.05  <0.05  <0.05  <0.05  ‐ 

Naphthalene  ug/L  0.3  <0.30  <0.30  <0.30  <0.30  ‐ 

Phenanthrene  ug/L  0.1  <0.10  0.17  <0.10  <0.10  ‐ 

Pyrene  ug/L  0.1  <0.10  <0.10  <0.10  <0.10  ‐ 

Quinoline  ug/L  0.1  <0.10  <0.10  <0.10  <0.10  ‐ 

Total PAH  ug/L  ‐  n/d  0.18  n/d  n/d  50 

Benzene  ug/L  0.5  <0.5  <0.5  <0.5  <0.5  100 
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APPENDIX 1: SUMMARY OF SEPTEMBER 2013 METALS, PAH, VOC, SULPHATE AND 
PHENOLS RESULTS 

 

Parameter  Units 
Detection 

limit 

< 2 mm 
Coal @ 

600 mg/L ‐ 
1 WEEK 

< 2 mm 
Coal @ 

600 mg/L ‐ 
1 WEEK 

< 2 mm 
Coal @ 

600 mg/L ‐ 
2 WEEK 

< 2 mm 
Coal @ 

600 mg/L ‐ 
2 WEEK 

GVSD&D 
Restricted 
waste 
criteria 

17‐Sep‐13  17‐Sep‐13  24‐Sep‐13  24‐Sep‐13 

Bromodichloromethane  ug/L  1  <1.0  <1.0  <1.0  <1.0  ‐ 

Bromoform  ug/L  1  <1.0  <1.0  <1.0  <1.0  ‐ 

Carbon tetrachloride  ug/L  1  <1.0  <1.0  <1.0  <1.0  ‐ 

Chlorobenzene  ug/L  1  <1.0  <1.0  <1.0  <1.0  ‐ 

Chloroethane  ug/L  2  <2.0  <2.0  <2.0  <2.0  ‐ 

Chloroform  ug/L  1  6.2  5.6  6.2  6.5  ‐ 

Dibromochloromethane  ug/L  1  <1.0  <1.0  <1.0  <1.0  ‐ 

1,2‐Dibromoethane  ug/L  0.3  <0.3  <0.3  <0.3  <0.3  ‐ 

Dibromomethane  ug/L  1  <1.0  <1.0  <1.0  <1.0  ‐ 

1,2‐Dichlorobenzene  ug/L  0.5  <0.5  <0.5  <0.5  <0.5  ‐ 

1,3‐Dichlorobenzene  ug/L  1  <1.0  <1.0  <1.0  <1.0  ‐ 

1,4‐Dichlorobenzene  ug/L  1  <1.0  <1.0  <1.0  <1.0  ‐ 

1,1‐Dichloroethane  ug/L  1  <1.0  <1.0  <1.0  <1.0  ‐ 

1,2‐Dichloroethane  ug/L  1  <1.0  <1.0  <1.0  <1.0  ‐ 

1,1‐Dichloroethene  ug/L  1  <1.0  <1.0  <1.0  <1.0  ‐ 

cis‐1,2‐Dichloroethene  ug/L  1  <1.0  <1.0  <1.0  <1.0  ‐ 

trans‐1,2‐Dichloroethene  ug/L  1  <1.0  <1.0  <1.0  <1.0  ‐ 

1,2‐Dichloropropane  ug/L  1  <1.0  <1.0  <1.0  <1.0  ‐ 

cis‐1,3‐Dichloropropene  ug/L  1  <1.0  <1.0  <1.0  <1.0  ‐ 

trans‐1,3‐Dichloropropene  ug/L  1  <1.0  <1.0  <1.0  <1.0  ‐ 

Ethylbenzene  ug/L  1  <1.0  <1.0  <1.0  <1.0  ‐ 

Methyl tert‐butyl ether  ug/L  1  <1.0  <1.0  <1.0  <1.0  ‐ 

Methylene chloride  ug/L  3  <3.0  6.8  <3.0  <3.0  ‐ 
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Styrene  ug/L  1  <1.0  <1.0  <1.0  <1.0  ‐ 

1,1,2,2‐Tetrachloroethane  ug/L  1  <1.0  <1.0  <1.0  <1.0  ‐ 

Tetrachloroethene  ug/L  1  <1.0  <1.0  <1.0  <1.0  50 

Toluene  ug/L  1  <1.0  <1.0  <1.0  <1.0  ‐ 

1,1,1‐Trichloroethane  ug/L  1  <1.0  <1.0  <1.0  <1.0  ‐ 

1,1,2‐Trichloroethane  ug/L  1  <1.0  <1.0  <1.0  <1.0  ‐ 

Trichloroethene  ug/L  1  <1.0  <1.0  <1.0  <1.0  ‐ 

Trichlorofluoromethane  ug/L  1  <1.0  <1.0  <1.0  <1.0  ‐ 

Vinyl chloride  ug/L  2  <2.0  <2.0  <2.0  <2.0  ‐ 

Xylenes (total)  ug/L  2  <2.0  <2.0  <2.0  <2.0  ‐ 
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