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1 Safety Code 6 RF Power Density Test Overview

1.1 Test Purpose

British Columbia Ferry Services Inc., BC Ferries, has Wi-Fi access points in their terminals to enable wireless internet service to
passengers while waiting for ferries. Several passengers have ralsed concerns about the safety to the public of the radio frequency
{RF) emissions emanating from the Wi-Fl access points.

To address this passenger safety concern, BC Ferries retained Planetworks Consulting Corp., Planetworks, to conduct radio
frequency (RF) field intensity testing in the terminal at Swartz Bay to determine compliance of the RF emlssions to Health Canada
Safety Code 6 for Uncontrolled Environments, The tests performed encompassed RF frequency bands used by WI-Fi as well as bands
where other RF signals may be present at the terminal Including vessel safety systems (radar, marine radio, satellite, vessel 2-way
radio}, terminal 2-way radio systems, cellular communications devices, external sources (cellular sites, broadcast sites) and
unintentional emitters (lighting, etc.).

In Safety Code 6, Health Canada specifies emission limits for radio frequency exposure in two exposure environments, Controlled
and Uncontrolled. In Uncontrolled Environments, Health Canada assumes that the individual being exposed to radio frequency
emissions is unaware of radio frequency hazards, has no training in radio frequency hazards and is a member of the public.
Consequently, Health Canada has set the Uncontrolled Environment limit to be many times lawer than that for Controlled
Environments; at least five times lower to as much as 8.66 times lower based on radio frequency. Health Canada’s exposure limits
are among the most conservative in the world.

All findings presented In the report are specified as a percentage of the more stringent Safety Code 6 Uncontrolled Environment
limit.

1.2 Site Location and Details

RF power density and spectrum measurements were conducted at the Swartz Bay Terminal, Measurements were conducted in all
areas frequented by passengers and in the immediate vicinity of all Wi-Fi access points,

Planetworks collected emission measurements on Nov 8, 2016. The outdoor temperature during these tests was approximately
14°C.

A total of 20 measurement locations were tested in the terminal. Test location pictures and results are presented In the Appendices
of this report.

1.3 Test Method

Planetworks conducted the testing using test equipment manufactured by Narda Safety Test Solutions comprising a calibrated
meter, the Narda NBM-550, and a wideband RF antenna, referred to as a shaped probed, the Narda EC5091. This test set is
recognized as the defacto standard for conducting RF safety testing by Innovation, Science and Economic Development Canada
{formerly Industry Canada} and accurately measures RF electric fields levels over a broad frequency range of 300 kHz to 50 GHz. The
Narda EC5091 probe has been shaped to conform to Heath Canada’s 2015 limits for RF field intensity. The Narda test set yields
measurements In the form of percentage attalnment of the Health Canada limit for Controlled Environments. Planetworks
multiplies the test set measurement by the worst-case conversion factor of 8.66 to yield a percentage attainment of the
Uncontrolled Environment Limit. Given test method uncertainty and other factors, Planetworks considers a measurement
corresponding to 50% or greater of the Uncontrolled Environment Limit to be non-compliant to Safety Code 6 (2015) and requires
remedial actlon.

As noted, the primary focus of this test activity was to determina levels in passenger accessible areas which are attributable to WI-Fi
access points. These access points utilize RF frequencles In the 2.4 GHz and 5.8 GHz ISM frequency bands which Is within the
frequency range of the test equipment.

The Wi-Fi access points emit RF signals at 2 duty cycle which Is dependent on the number of attached users and Internet traffic
loads. At each test location, the test team confirmed that the Wi-Fi access point was active and carrylng traffic prior to initiating the
test.
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At each WI-Fi access point [ocation, the test set recorded the peak, average and minimum emisslons at 1 second Intervals for a
period of at least 3 minutes. This sampling approach ensured that many measurements are obtained at each location which Include
the access point [n its transmitting state. To represent an absolute worst-case scenario, the greatest peak value obtained during the
test interval was used for the tast location. This process therefore presents results equivalent to an access point which is
transmitting 100% of the time; an absolute worst-case scenario.

At each test location, measurements were conducted as close as practically possible to the access point; ensuring that the NARDA
probe was in the access point's main antenna lobe. For most of test locatlons this resulted in a distance of between 1 and 1.5m
between the Narda probe and the access point. RF power density levels diminish at a rate equivalent to the distance squared so
levels at 3m distance, as an example, will be less than a quarter of the results presented in this report.

1.4 Health Canada RF Exposure Limits

Health Canada defines maximum permissible RF exposure levels In its Safety Code 6 (2015) document - {HC Pub. 150313) Limits of
Human Exposure to Radio Frequency Electromagnetic Energy in the Frequency Range from 3 kHz to 300 GHz - Health Canada Safety
Code 6 {2015).

Safety Code 6 defines the allowable limits for the public in Table 5 of the document. Based on frequency this table presents the
permissible power density over an averaging period. The standard assumes that a steady-state conditian Is obtained after a period
of 6 minutes. This means that:

1. high power densities may be permissible for shorter time perlods;
2. the stated power density limit is permissible for periods longer than 6 minutes (l.e. the limits does not have to be de-rated
for longer term exposure).

For convenience, this table is included below.

Table 5. Reference Levels for Electric Feld Strength, Magnetic Field Strength and Powar
Density in Uncontrolled Environments

Frequency Electric Fleld Magnetic Field Power Density | Reference
{MHz) Strength (Egy), Strength (Hae), (A/m, | (S, ), (W/m3) Period
(v/m, RMS) RMS) | {minutes)
10 - 20 27.46 0.0728 2 6
20 - 48 5B.07 / r0.25 0.1540 / 70.25 8.944 / ;05 6
48 - 300 22.06 0.05852 1.291 &
300 - 6600 3.142 £ 03417 0.008335 g 0.3417 0.02619 ;0 6834 6
6000 61.4 0.163 10 &
-15000
15000 - 61.4 0.163 10 616000/ p1.2
150000
150000 - 0.158 05 4.21x10-4 05 6.67x10°5y | 616000/ 1.2
360000

Frequency, f, Is in MHz.

At the frequencies used by the access points, the Safety Cade 6 standard establishes permissible, steady-state RF power density at a
level of 5.34 W/m’,
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2 Summary of Test Results

The following table summarizes the measured power RF power densities at the test locations, as a percentage of the Health Canada
Uncontrolled Environment Safety Code 6 limit.

Location | Location Description Percentage Attainment of Health Canada
# Limit for Uncontrolled Environments
1 Outdoor access point at hut beside 1.43%

ticket gate
2 Second Building down from ticket 4.78%
gate
3 Qutdoor playground 2.61%
4 South of Lands End Café 2,65%
5 South-east of Lands End Café 2.33%
[ North-east of Lands End Café 1.06%
7 North-west of Lands End Café 4.66%
2} West of Lands End Café, close to 7.12%
building
9 West of Lands End Café, far away 6.17%
from building
10 Inside Lands End Café by south access 20.50%
point
11 Inside Lands End Café by north access 13.99%
point
12 Lower Berth 2 walting area 9.01%
13 Upper Berth 2 waiting area 4,16%
14 Hallway between Berth 2 and Berth 1 3.05%
15 Walkway to Berth 1 1.14%
16 Berth 1 walting area 3.21%
17 Bottom of escalator below ticket desk 1.77%
18 Lobby near Arrivals Door 1.33%
19 Lobby near Ticket Desk 2.07%
20 Outdoor access point on top of 7.87%
Departures and Arrivals Building

All test location measurements are significantly lower the Permissible Safety Code 6 limits for the public in Uncontrolled
Environments. The majority measurements of indoor locations resulted in measurements of less than 21% of the standard.

An analysls of the RF spectrum shows that the higher measurements are likely a result of cellular communications in use by
passengers In the immediate vicinity of the test location.

As noted above the Narda test set is broadband and therefore measures the intensity of all RF signals, including Wi-Fi, cellular, ships
navigation and other saurces of RF emlssions. To assess composition of the RF signals present, Planetworks also used a Tektronix
RSA360 spectrum analyzer with broadband antenna to determine the frequencies and comparative signal level of alf RF transmitters
In the terminal. The following figures illustrates the typical, peak signal levels obtained at test locations #10, and #11.
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RF Spectrum at Test Locatlon #10;
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These spectrum captures were obtained using the analyzer's peak-hold function which displays the highest signal levels obtained for
each frequency during the capture perlod. On the plots a marker location, denoted MR, is shown for the frequencles used by WI-Fi.
The other peaks shown on the captures denotes frequencies used by cellular systems and other RF sources. These figures should be

used for comparative purposes only; for compliance to Safety Code 6 only the Narda results should be used.

For the captures at locations #10 and #11, cellular signals were dominant. This change is signal composition is the likely explanation

of the higher power density measurements obtalned at these two locations.
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3 Review of Findings, Conclusions and Remedial Actions

Planetworks was retained by BC Ferrles to conduct RF power density testing in the terminal Swartz Bay Terminal. Planetworks
confirmed that the aggregate of all RF emissions at the terminal including those from WI-Fi access points do not exceed the Health
Canada power density limit for the public In Uncontrolled Environments.

3.1 RF Emitters Present
The sources of RF emission were noted in the terminal:

Cellular Sites

Cellular radios {carried by passengers);

Navigation systems / Radar from Vessels in dock;

Ship-Ship and Ship-Shore communication systems from vessels in dock;
2-Way UHF radios (carried by staff); and

WI-FI.

3.2 Findings

All areas measured complied with Health Canada RF power density requirements for Uncontrolled Environments, Le, Safety Code 6.
The maximum measured peak level in the terminal was less than 21% of the permissible limit.

In Planetworks’ experience, the levels measured in the terminal are consistent with those levels commaonly found in public or
cormnmercial spaces.

3.3 Next Steps and Required Remedial Actions

No remedial action Is required as the measured areas are well within permissible RF power density limits established by Health
Canada.
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3.4 Attestation

I, Karl Reardon, a Professional Engineer registered In the Province of British Columbia certify that at the time of testing, the radio
frequency (RF) fleld emisslons as deflned by Health Canada In the two documents below are as follows:

1. (HC Pub. 150313} Limits of Human Exposure to Radio Frequency Electromagnatic Energy in the Frequency
Range from 3 kHz to 300 GHz — Health Canada Safety Code 6 {2015)

2. {HC Pub. 091031) Technlcal Guide for Interpretation and Compliance Assessment of Health Canada’s Radio
Frequency Exposure Guidelines

RF Emissions Measured in Accessible Areas** Are Below the Exposure Limit for Yes - Below Limit
Uncontrolled Environments

| ExIsting Site Signage Meets the Requirements in Health Canada Safety Code 6 (2015) | Yes - None required

** Accessible Areas are defined as areas where the public can walk about without any restriction
Notes

1) The Narda NBM-550 meter and EC5091 probe are Industry Canada approved and are calibrated to Health Canada’s Safety Code
6 (2015) Controlled Environment Limit. The Narda meter yields emission measurements in the form of a percent attainment of
the Controlled Environment limit. When assessing emissions within Uncontrolled Environments, the measurement data must
be translated from the Controlled to the Uncantrolled Environment Limit. The conversion factor Is not linear with frequency
between 100-6000 MHz, and varies from lows of 5-fold at 100 MHz and 6 GHz, to a peak of 8.66-fold at 300 MHz, The
conversion factor outside the 100-6000MHz band is 5-fold. Planetworks uses the peak conversion factor of 8.66-fold to convert
the measured data to attainment of the Uncontrolled Environment limit when the transmit frequency is unknown. This
conversion factor over-estimates the % attainment of the Uncontrolled Environment Limit when the RF energy sources are at
frequencies other than 300MHz. For this study, a factor of 8.66 Is used to convert the data.
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Appendix 1 - Measurement Procedures and Test Equipment Settings

1.1  Description of Procedure Used

Due to the intermittent nature of Wi-Fi communlcations, RF field strength measurements were conducted using the Narda test
equipment configured to obtain at ieast 150 samples at each test location. The period of each sample was set at one second, the
maximum, minimum and average levels were collected for each sample period.

At each test location, the largest maximum value for all of the samples collected was used to represent the worst-case measurement

for that test [ocation,

1.2 Test Equipment Description

Planetworks used the following calibrated test set for the testing:

Companent Manufacturer and Part Number Serial Number Calibration Status

Meter Narda NBM-550 D-0146 Calibration due: 2017-09-25

Probe Narda EC5091 1019 Calibration due: 2018-04-01
The following list of parameters was downloaded from the test set:

Operating Mode HIGH FREQUENCY

Number of Sub Indices 171

Storing Date 11/08/2016

Storing Time 12:54:54 PM

Dataset Type TIm

Voice Comment Available NO

Dataset Fine Type T1

GPS Flag NORMAL

Device Product Name NBM-550

Device Serial Number D-0146

Device Cal Due Date 09/25/2017

Probe Product Name EC5091

Probe Serial Number 1019

Probe Cal Due Date 04/01/2018

Probe Field Type E

Probe Connection Type C

Probe Lower Frequency Limit A 300 kHz

Probe Upper Frequency Limit A 50 GHz

Probe Lower Frequency Limit B 300 kHz

Probe Upper Freguency Limit B 50 GH2

Probe Emin A 4.340 V/m

Probe Emax A 150.0 V/m

Probe Emin B 4.340V/m

Probe Emax B 150.0V/m

600-71 BCF Swartz Bay Terminal 110f42 December 2016




Shaped Probe YES
Standard ID 18
Standard Name Canada,occ
Apply Standard OFF
Frequency 1.8 GHz
Apply Correction Frequency OFF
Eref_E(f) 27.50V/m
Eref_H(f) 27.50V/m
Combi Probe Use E_H

Unit mW/cm?
Results Format FIXED
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Appendix 2 - Photographs

The following photographs were taken on the Swartz Bay Terminal on the day of testing:

I o)
P

B
B

Photograph Legend

1- Outdoor access peint at hut beside ticket gate, 4.‘
2- Outdoor playground.

3- South of Lands End Café.

4- South-east of Lands End Café.

5- North-east of Lands End Café.
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Photograph Legend

6 North-west of Lands End Café.

7- West of Lands End Café, close to building.

8- West of Lands End Café, far away from building.
9- Inside Lands End Café by south access polnt.
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Photograph Legend

10- Inside Lands End Café by north access point.
11- Lower Berth 2 waiting area.

| 12- Upper Berth 2 walting area.

13- Hallway between Berth 2 and Berth 1.

14- Walkway to Berth 1.
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Photograph Legend

15- Berth 1 waiting area.
l6- Bottom of escalator below ticket desk.
:._17' Lobby near Arrivals Door.,
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Photograph Legend

| 18- Lobby near Ticket Desk.
; 19- Outdoor access point on top of Departures and Arrivals Bullding.
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Appendix 3 - Log Files from the Narda Test Set

The Narda test set yields emission measurements as a percentage attainment of the Safety Code 6 (2015) limit for Controlled
Environments across a broadband of 300kHz to 50GHz. Output graphs presented In this section contains the test set measurements
presented as a percentage attainment of the Safety Code 6 (2015) Controlled Environment limit. Conversion between controlled and
the uncontrolled limits requires a worst-case multiplication factor of 8.66.

3.1 Outdoor access point at hut beside ticket gate

/A narda Date 11/08/2016
Satety Test Solutlons Tune 10:06:04 AM
ar ) Corwmaraions Cantrary
Meter Probe Coonthrates
Mode!  NBM-550 Model'  EC5091 Lattude: 48 68429
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3.2 Second Building down from ticket gate

A narda Date 11/08/2016
Safety Test Solutions Time: 10:14:37 AM
",
Meter | Probe ' Coordinates
Model  NAM-550 | Modsl EC5091 i Latiude 48 68491
SN, D046 7 T | Longtude 12341006
Marker 1016 15 AM
M 05515 % STD
Timer Logging R Avg: 0.2624 % STD
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1 1
g 1
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e T
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i
L]

10.14:37 AM
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3.3 Outdoor playground

A narda Date 11/08/2016
., Bafety Test Solullans Time 10:23:37 AM
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