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Introduction:

Swiftwater Rescue is one of the disciplines which numerous volunteer Search and Rescue (SAR) teams
within British Columbia are occasionally tasked with. SAR team members can take courses offered by
commercial providers to obtain training and certification as Swiftwater Rescue Technicians. One aspect
of Swiftwater Rescue involves using ropework and rigging techniques to secure, manoeuvre and position
rescuers and watercraft while ‘in-water’. Above water (aerial) rope rescue techniques are generally
considered the realm of technical rope rescue, and these techniques generally use different equipment
and systems than in-water systems.

While the content and techniques within Swiftwater Rescue courses appear to be relatively similar
between providers, it is evident that the ropework and rigging equipment available to Swiftwater
Rescue practitioners is highly diverse and not consistent in performance between brands; few standards
exist. Even within the training manuals, little information and data is provided on the required
performance attributes of the respective rope equipment and their respective systems.

Through a National SAR Secretariat National Initiatives Fund in 2016, the British Columbia Search and
Rescue Association (BCSARA) was able to conduct some research and testing of Swiftwater Rescue
systems involving rope work, particularly for in-water techniques involving watercrafts such as inflatable
rafts and cata-rafts. BCSARA contracted Basecamp Innovations Ltd to conduct preliminary testing and
research on currently available Swiftwater Rescue ropes and on potential ‘normal’ drag forces of various
Swiftwater Rescue watercraft with various size loads (masses) and water speeds.

In the summer & fall of 2016, Basecamp Innovations Ltd conducted slow pull tests on various Swiftwater
ropes and rope grabs, and drag force tests of various watercraft used in Swiftwater Rescue. Kootenay
Swiftwater Specialists of Nelson, BC provided subject matter expertise to which equipment and
materials are commonly being used within the province of BC. Nelson Search and Rescue assisted
greatly with the conducting and executing of the drag force tests. The following is a summary report of
the data and findings from these tests. It is important to note that the primary aim of this testing and
research was to provide a baseline for which further examination of Swiftwater Rescue systems and
techniques could be directed. It is not within the scope of this report to make recommendations on
‘preferred techniques’ or equipment for Swiftwater Rescue.

Acknowledgement:

Recognition and thanks are owed to all those who made this research and testing project happen: NSS,
EMBC, BCSARA, Jim McAllister, Andrew Morrison, Chris Armstrong, Chandrima Lavoie, Larry Hanlon, Dirk
Dorenbos, Heather Milligan and Nelson SAR.



Methods and Materials:

Slow Pull Tests: All slow pull tests were
conducted on the Basecamp Innovations Ltd
135 kN hydraulic tension tester at a rate of
1000mm/min. Force over time data was
recorded on a calibrated Instrunet Data
Acquisition System, recording at 500
samples/sec, with FAMOS Signal Analysis
Software.

Drag Force Tests: All drag force tests were conducted on Kootenay Lake, BC. Pulling of various
watercraft was done using Nelson SAR’s Thunderjet rescue boat with twin 150 Hp engines, made by
Alexis Offshore. A six-metre boom was fitted on Port side of the rescue boat to allow the various rafts to
be pulled alongside the rescue boat in non-aerated lake water. No tests were conducted to compare
aerated water behind the rescue boat to the un-affected lake water. Drag force data was recorded using
a calibrated Rock Exotica Enforcer Load Cell with Bluetooth connection to an i-Phone; data was recorded
at three different boat speeds (5, 7 and 10 kph, or 1.4, 1.9 and 2.8 m/s respectively). Boat speed was
measured with an onboard CP590 GPS, cross-calibrated
using a Swoffer Model 2100 water flow meter. For each
test, the range of boat speed as well as the range of force
was recorded; the summary data utilized the highest
force recorded during a 5 second recording period.
Where practical, drag forces for different size loads
(number of occupants in the raft), positioned in different
locations in the raft (bow, center and stern) were
recorded. It was not the objective to record drag forces
of ‘abnormal’ forces such as fully bow-submerged rafts,
or rafts positioned broadside.




Rope and Cordage Types Tested:

No photo available

5/16"(8mm) CMC Throwline NFPA; Polypropylene sheath, Dyneema Core, NFPA Classified

5/16" Esprit River Line; Polyester sheath and blended polypropylene and Spectra core

10mm PMI WRR; Nylon sheath with polypropylene core

No photo available

3/8" Bluewater R3; Polypropylene sheath and core

3/8" All Line (Mexico); unknown materials — product commonly supplied in BC by NorthWater




No photo available

3/8" BW Sure Grip; Variable diameter sheath strands provide 'bumpy' sheath

7/16" Bluewater HR3; Blend of Polyester and Polypropylene sheath; polypropylene core

7/16" CMC River Rescue Rope; Nylon sheath with Polyolefin (polypropylene) core

7/16" BW Sure Grip; Variable diameter sheath strands provide 'bumpy' sheath

No photo available

3/8" (9.5mm) CMC SRT Throwline; Nylon sheath with polypropylene core

1/2" Sterling Waterline; Double Braided polypropylene sheath, nylon core




1/2" Bluewater HR3; Blend of Polyester and Polypropylene sheath; polypropylene core
1/2 Bluewater R3 Rescue Line; Polypropylene sheath and core

5 mm Titan Cord; Dyneema core with Nylon sheath
6 mm CMC Rescue Prusik Cord; Nylon cord and sheath
7 mm CMC Rescue Prusik Cord; Nylon cord and sheath

It is important to note that for the same Swiftwater Rescue applications/techniques, that commonly
available and utilized Swiftwater Rescue ropes are being used, and they have a broad range of available
diameters, and are made with various construction types and materials (Polypropylene, Nylon,
Polyester, Dyneema). With so many variables it becomes difficult to make any generalizations on
performance or suitability for use. At best, the following slow pull tests provide an ‘indicator’ of
performance (or lack thereof). It is ill-advised to make any extension of understanding of what is
presumed to be known about the performance characteristics of ‘above-water’ technical rescue ropes
(e.g. 11 mm nylon/polyester Static and Low Stretch ropes which conform to Cl 1801-98 Standards) to
those used in Swiftwater Rescue.

For comparative analysis purposes, the classic 3-wrap Prusik Hitch, using three different types of cord
were used for all rope grab slow pull tests.



Swiftwater Rescue Watercrafts Tested:

1. NRS Otter 140 Self-Bailing Raft (item: 85018.01/1142); length 14’, width 7°2”; mass 57 kg

2. AIRE Tributary 9.5 HD (item: 120-001550); length 9’8", width 5’3", mass 31.6 kg

3. AIRE Ocelot Cataraft (discontinued model); length 14’, width 6’6", mass 73.3 kg




4. AIRE 143E Series (item: 120-000730); length 14’, width 6’6", mass 61.7 kg

5. Hyside Cataraft 14 (item: 166CATU1); length 14’, width 6’, mass 73.7 kg

6. Oceanid RDC (item 86114.01/1179); length 15’5”, width 48”, mass 22.7 kg




Slow Pull Tests Results, Analysis and Discussion:

Thirteen ropes, comprising of essentially four different rope diameters (5/16”, 3/8”, 7/16” and %”) were
tested for the following parameters/conditions:

e Actual breaking strength compared to manufacturers rated breaking strength
e Figure of 8 on a bight breaking strength (most common water rescue knot)

e 5mm Titan cord 3-wrap Prusik on host rope

e  6mm CMC Rescue nylon 3-wrap Prusik on host rope

e 7mm CMC Rescue nylon 3-wrap Prusik on host rope.

Breaking Strength:

A common requirement for water rescue ropes is that they can float, which typically means they include
materials which have a specific gravity of less than 1, such as Polypropylene, Polyethylene and/or
Spectra/Dyneema. For strength, sometimes nylon or polyester are added but these fibres are heavier
than water. Few standards exist governing the construction of water rescue ropes and therefore it is
understandable that a wide variation in rope strength exists, even for the same diameter between rope
brands.

The data gathered for these tests are intended to provide indications or ‘quick-looks’ to help direct
where future efforts (research, testing, system analysis and technique/equipment development) are
most required. It was not the objective of this testing project to obtain sufficiently large sample sizes per
parameter to establish statistically significant values and therefore caution must be exercised to not
extrapolate conclusions by assuming there is high precision in the numbers even though the data was
collected with accuracy.

With such data, less attention should be given to the ‘precision’ of individual data points, and instead,
greater value lies in examining the range of values and their pattern. That said, it appears that tying a fig
8 knot in a water rescue rope can reduce the strength by about 1/3 when compared to manufacturers
rated breaking strength (obviously, this reduction is mathematically greater when the knotted breaking
strength is compared to ‘actual’ breaking strengths).

Inevitably, a knot will generally be required at one end or the other of a water rescue rope, and
therefore from a systems analysis perspective for usefulness, these values may be of greater importance
than the un-knotted breaking strength. The following average knotted breaking strength values were
observed (the range of values can be seen on the summary tables):

Rope Diameter Average Fig 8 Knotted Breaking Strength
5/16” 10.3 kN (Throwropes: contain Dyneema)
3/8” 10.5 kN
7/16” 15.2 kN

4 20.0 kN

10



For comparison, conventional Static and/or Low Stretch ropes (which conform to Cl 1801-98 standards)
used in high angle rope rescue, also have approximately a 1/3 loss in strength for fig 8 on a bight
knotted breaking strength, though the manufacturers rated breaking strengths for 7/16” and %" ropes
are about 30 and 40 kN respectively. Therefore, Cl 1801-98 Static and Low Stretch ropes may be
expected to have knotted breaking strength values of about 20+ and 28+ kN for these diameters,
whereas the water rescue ropes tested have knotted breaking strength values about 15+ and 20+ kN
respectively.

There are some warnings in the literature reviewed (largely student manuals) against using water rescue
ropes for high angle rope rescue work, due to insufficient strength. However, what is not evident in
these manuals is direction and guidance on how much strength is required of swiftwater rope rescue
applications, and where the limits of performance are with swiftwater rope rescue applications. This
should be an area of further study.

Three-Wrap Prusik Tests:

For each rope type, where practical, three different types of 3-wrap Prusik hitches were tested. With
Prusiks, it is important to note that the first-slip force is often very different than subsequent slip force
values. This is potentially a very important factor to consider in swiftwater rescue because a rise in force
on a rope system in a swiftwater environment is less likely to suddenly decline, as would typically occur
in a rope system in the vertical environment, such as the fall arrest of a falling load in high angle rope
rescue. In a fall arrest environment, there is a finite amount of energy in the system, and the rope
system can be matched to dissipate this quantity of energy through controlled ‘slippage’ (e.g. force
limiting) and therefore stopping distance. However, in a swiftwater rescue environment, slippage of a
rope grab may add risk under certain circumstances, particularly if ‘live-loads’ are involved; this is less of
a concern with recovery of non-live loads, such as a pinned raft.

Swiftwater rescue practitioners must therefore factor this into their risk assessment and factor this into
their choice or selection of rope grab and rope system. While it is not within the scope of this testing to
determine what (if any!) magnitude of slip force a rope grab in swiftwater rescue ‘should’ have, the aim
is to provide data on currently used Prusik techniques to use as a starting point of discussion for
suitability. It does not appear that the swiftwater rescue ‘community’ has established guidelines for
rope grab performance, and these performance criteria should not be based on what currently used
rope grabs perform at, but rather what is required from a systems analysis and risk assessment, for
given applications of techniques.

5 mm Titan 3-Wrap Prusik:

This brand of cord uses a Dyneema core, and it is well known that Dyneema is a slippery fibre, and
therefore the tails of knots are prone to slipping within knots (bends), some knots being more prone
than others; these tests were no exception. Tails were observed to slip through, both in Double and
Triple Fisherman’s Bends. However, the force at which the tails slipped through the bends were very
high, essentially approaching or matching the knotted breaking strength of the host rope when Triple-
Fisherman’s Bend’s were used. To eliminate this mode of failure, perhaps this data is an argument in
favour of using ‘sewn Prusik cords’ when using this type of cord/construction/material.

Titan cord Prusik slippage did occur when applied to 5/16” Throw ropes, with a first-slip value
approximately half the rope’s knotted breaking strength; however, subsequent and continuous slippage
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occurred at values of just over 3 kN. It must be established — based on application — whether these
values are acceptable or not.

For host rope diameters of 3/8” and greater, if the tails did not slip through the hitch’s bend, a common
failure mode was that the Prusik would ‘pinch’ the rope in two, at forces approaching the rope’s knotted
breaking strength. Depending on the objective of the swiftwater rope system, this may or may not be
an advantage — however, it must be noted that while “force-limiting rope rescue systems’ are desirable
in the vertical environment, this may not be the case with swiftwater rescue. As mentioned before,
slippage of a rope system in a swiftwater environment may place the rescuer in a greater predicament
due to repositioning of the rescuer relative to the hazard, and because the force which caused the initial
slippage may not yet have subsided and therefore slippage may continue in an uncontrolled manner.

6 mm Nylon Kernmantle 3-Wrap Prusik:

Great variation in results occurred between rope types and rope diameters when gripped with 6 mm
nylon 3-wrap Prusiks. A common trend was for the initial slip force to be followed by subsequent slips at
lower force values, but not always (see summary table). Another trend was for initial slip force values to
increase with increased host rope diameters. It could also be stated that in general, the initial slip force
values were at or less than the gripping ability values of the 5 mm Titan 3-Wrap Prusiks.

Rope Diameter 6 mm Prusik 1 Slip Force Range | Knotted Breaking Strength Range
3/8” 4.9-9.9 kN 8.3-14.8kN
7/16” 7.2—-12.8 kN 12.4-14.5kN
Iz 8.4—-11.8 kN 16.2-22.0kN

The data also shows that the first-slip force range of 6 mm and 7 mm Prusiks overlaps with the range of
knotted breaking strength values for both 3/8” and 7/16” ropes. Therefore, it would be an erroneous
assumption that a 6 or 7mm Prusik ‘will’ slip on these rope diameters; a failed rope is also a possible
outcome.

7 mm Nylon Kernmantle 3-Wrap Prusik:

The 7 mm Nylon 3-wrap Prusik had consistently higher initial slip force values than 6 mm nylon 3-wrap
Prusiks. Without further study, it was unpredictable whether subsequent slip force values would be
higher or lower than the initial slip force value; further isolation of variables — such as rope construction,
stiffness, and materials, per diameter — would be required to better understand this effect, and this was
not within the scope of this project. The graphs for each individual test clearly show where slips
occurred, and can be used for further analysis. In none of the tests, however, did any of the Prusiks
catastrophically fail (excluding tails slipping through).

Rope Diameter 7 mm Prusik 1 Slip Force Range | Knotted Breaking Strength Range
3/8” 5.6 —10.3 kN 8.3-14.8kN
7/16” 8.1-12.9kN 12.4-145kN
2% 12.3-13.4kN 16.2-22.0kN
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Drag Force Tests Results, Analysis and Discussion:

Drag Force of Boats:

Six different water rescue boats
were tested at water speeds of
5,7 and 10 km/h. As can be
expected, drag forces increased
as water speed increased, and as
more mass (occupants) were
added. The highest recorded
forces (about 1.65 kN) occurred
when the raft was made to
nose-dive and take on water
while the occupants were
positioned in the bow (i.e. with
the Tributary 9.5 and Oceanid
RDC boats) at a water speed of
10 km/hr. These findings are
consistent with the study
conducted by Chris Onions,
2013; additionally, Onions
observed up to 3.4 kN raft drag forces when subjected to higher water speeds (veloaty of 5.4 m/s),
under similar bow nose-dive conditions.

Drag forces were lowest with each respective water rescue craft when trimmed neutrally, that is when
the occupants were positioned in the centre of the craft. The highest forces — relative to the position of
the occupants - occurred when they were positioned either in the bow, or at the stern, and this was
dependent on which water rescue craft was being tested. In other words, with some water rescue crafts,
the highest drag forces occurred when the occupants were positioned at the stern, with other crafts this
occurred when the occupants were positioned in the bow. The reason for these differences was not
established, and could be a topic of further study.

There did not appear to be a noticeable difference in drag force between cata-rafts and ‘regular’ raft
shapes of similar length, with occupants centrally positioned (trimmed neutral). The smallest raft
(Tributary 9.5) had the highest recorded drag forces among all water craft for centrally positioned, 2-
occupant loads — the supposition for this is that the smaller craft with the same number of occupants
will have a deeper draft in the water than a higher volume boat; however, this data point should not be
taken out of proportion since the difference in drag force to other water rescue crafts was minimal.

Clearly, if the occupant positioning or handling of the water rescue craft creates a condition that allows
the bow to nose-dive, then drag forces will rapidly climb to values substantially higher than if the craft is
kept trimmed neutral or when the occupants are positioned in the stern. It was observed that the nose-
diving effect can occur suddenly; this adds risk at multiple levels, not only from increasing forces on the
rope systems and the boat attachments, but also to overall situational awareness (or loss thereof) from
a human factor perspective.
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Drag Force of Humans:

From a physics perspective, it is
well understood that force on
an object in water does not
increase linearly with a
proportional increase in water
velocity, and that the force on a
body in the water is dependent
on the surface area being acted
upon. However, it is somewhat
difficult to determine the
surface area of a human body
being held in position in
moving water by the dorsal
attachment of their personal
floatation device. Therefore,
for these tests, a person’s mass
was used as the distinguishing :
factor. Three people, each of &8 2 : P o

different mass, were tested for drag force at three dlfferent water speeds (5,7and 10 km/hr
respectively). Interestingly, at 10 km/hr, drag forces on each person was approximately 80-90% of what
their force would be of their mass in a free-hang; from this data, it is possible to estimate by
extrapolation what water speed would be required to match the person’s free-hang force. Each
participant in the tests commented that their ability to properly breathe at 10 km/hr was noticeably
difficult, and subjectively, they felt that their ability to perform additional physical effort (i.e. live bait
technique) would be substantially adversely affected.

Summary:

The data and observations obtained from these indicator tests show high variation in the performance
of water rescue ropes, both within and between specific rope diameters. Additionally, there appears to
be high variation in the performance of 3-wrap Prusiks when used with these ropes, particularly
between brands, but less so for a given brand. In other words, knowledge of Prusik behaviour about one
brand of rope and Prusik cannot necessarily be applied as an extension of knowledge to other brands of
similar diameter without further examination. Until such time whereby further investigation of the
effects of variations in construction and materials of water rescue ropes are made, generalizations about
the performance of swiftwater rope rescue systems are at best, difficult. Therefore, unless specific
testing of a specific brand of rope and associated rope grabs is made to understand system performance
and limitations, a greater level of conservative approach is warranted.

From the data gathered on ropes, Prusiks, boat and human drag forces, it is possible to establish certain
constraints around which rope(s) and Prusik combinations will provide approximate levels of
performance, but it must yet be established whether from a risk analysis perspective, these levels of
performance meet the desired level of safety, particularly for live-load applications.
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Other than a somewhat generic requirement that water rescue ropes must float, the referenced
literature does not seem to make distinctions between rope diameters, respective constructions and
preferred materials for given swiftwater rope rescue techniques. There is almost an unstated
assumption that any of the combinations of rope and rope grab will work for the described techniques,
yet it is clear that substantial variation in performance exists. Considering this, it would be of value for
the swiftwater rescuer discipline/community to establish preferred/required performance criteria for
the various swiftwater rope techniques and systems to better understand what level of safety is being
worked with.

For non-live loads, the lack of knowledge of various swiftwater rope and rope grab combination may not
appear to present a hazard, since the failure of such a system may not jeopardize human life. However,
the same equipment is being used for both non-live and live load applications in swiftwater rescue,
therefore it would be prudent for swiftwater rescue practitioners to have improved comparative
analysis of various swiftwater rope systems.

HiH
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Smith, Gordon and Stephen R. Allen; Force on a Highline Caused by River Flow; International Technical
Rescue Symposium, Peublo CO, USA, 2009.

Onions, Chris; Highline Rescue Boat Systems — A study of the load created by tethered rescue boats with
respect to stream velocity, trim and hull size. Research at the University of Central Lancashire. 2013

Rescue Canada; Swiftwater/Safety Rescue Technician Student Manual; 2013

Rescue 3 International; Swiftwater and Flood Rescue Technician Student Manual; 2016

Phillips, Ken; NPS Swiftwater Rescue Training Manual; 2012

CMC Rescue Inc; website — water rescue ropes.

Esprit Ropes website — water rescue ropes.

Bluewater Ropes website — water rescue ropes

Sterling Ropes website -water rescue ropes
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Appendix A:
BASECAMP INNOVATIONS LTD, 2016

NIF 2016 - EMBC & BCSARA

Swiftwater Rescue Systems Slow Pull Tests 5mm cMmC cMC knotted avg avg
MRBS | AvgBS | Fig 8 BS | Titan 3W [Comments/Observations 6mm 3W |Comments/Observations 7mm 3W |Comments/Observations bs mrbs knotted

Rope Type (kN) (kN) (kN) (kN) (kN) (kN)

5/16"(8mm) CMC Throwline NFPA 14.0 18.6 10.1 n/a n/a 3.7 Prusik slipped n/a n/a 0.72 14.7 103

5/16" Esprit River Line 14.2 15.3 10.1 5.4 Prusik slipped; kept slipping with ~ 3.3 kN resistance 5.6 1st slip ~ 3.6 kN, then ~4, then ~4.6, then ~5.2, then 5.6 kN 6.2 1st slip ~ 4.3kN, then ~4.4, then ~4.7, then 5.2, then ~6.2 kN 0.71

10mm PMI WRR 16.0 15.5 10.7 12.8 |Prusik pinched rope in two 11.8 1st slip ~ 7.5kN; 2nd ~ 9kN; 3rd ~ 10 kN; termination failed 12.2 1st slip ~ 7.5 kN; 2nd ~ 10 kN; clove hitch termination failed 0.67

3/8" Bluewater R3 15.0 17.8 14.8 12.4  |Prusik pinched rope in two 9.9 Prusik failed rope sheath at 9.9 kN; core at ~6 kN 10.3  [Prusik failed rope sheath at 10.3 kN; core at ~7 kN 0.99 12.6 10.5

3/8" All Line (Mexico) ? 10.9 10.2 6.9 Prusik failed rope sheath at 6.9 kN 5.1 Prusik slipped 5.6 1st slip ~ 5.6 kN; subsequent slips ~ 3-4 kN

3/8" BW Sure Grip 9.7 11.8 8.4 n/a n/a 5.1 1st slip ~ 5.1; subsequent slips ~2.2-2.8 kN 6.5 1st slip ~ 6.5 kN; subsequent slips ~ 3.5 kN 0.87

3/8" (9.5mm) CMC SRT Throwline 13.0 13.0 8.3 n/a n/a 4.9 1st slip ~ 4.9 kN; subsequent slips ~ 2.2-2.8 kN 5.8 1st slip ~ 5.8 kN; subsequent slips ~ 3-3.2 0.64

7/16" Bluewater HR3 17.3 19.7 12.4 10.0  |Prusik didn't slip; clove hitch termination failed 7.2 Prusik slipped; regrip ~ 3.5 kN; reslip ~ 6.5 kN 9.0 Prusik slipped; subsequent slips ~ 6.5 kN 0.72 19.1 15.2

7/16" CMC River Rescue Rope 25.0 23.0 18.8 13.4  |Prusik gripped but double fisherman pulled through 12.8  [1stslip ~9.3kN; then ~11.5 kN, then pinched rope in two 12.9  [Prusik slipped twice, then failed sheath ~ 12.3 kN 0.75

7/16" BW Sure Grip 15.1 19.6 14.5 11.7  |Prusik pinched rope in two 7.8 1st slip ~ 7.8 kN; kept slipping with ~ 3.5 kN resistance 8.1 1st slip ~ 8.1 kN; kept slipping with ~ 4.5-5 kN resistance 0.96

1/2" Sterling Waterline 25.6 29.9 21.9 12.5 Prusik gripped but double fisherman pulled through 8.4 1st slip ~ 8.4 kN; subsequent slips at ~ 7 kN with ~ 4kN regrip 13.4  |[failed rope sheath at peak force 0.85 219 20.0

1/2" Bluewater HR3 22.2 26.8 22.0 17.2  |Prusik gripped but triple fisherman pulled through 11.2  [1stslip~11.2 kN; subsequent slips ~ 5.5-7 kN 12.3  [1stslip ~ 12.3 kN; subsequent slips ~ 6-8.5 kN 0.99

1/2 Bluewater R3 Rescue Line 17.8 24.9 16.2 16.3 Prusik failed rope at standing part exiting hitch 11.8 Rope sheath failed ~ 11.8 kN; then core failed ~ 10 kN 13.1 Rope sheath failed ~ 13 kN; then core failed ~ 8 kN 0.91

Rope Description (all 2016 models):

Bluewater Sure Grip: Variable diameter sheath strands provide 'bumpy' sheath surface; polypropylene core

Bluewater HR3: Blend of Polyester and Polypropylene sheath; polypropylene core

Bluewater R3: Polypropylene sheath and core

CMC Rescue NFPA* Throwline: Polypropylene sheath Dyneema core (NFPA classified)

CMC (New England) SRT Throwline: Nylon sheath with polypropylene core.

CMC Rescue (New England) River Rescue Rope: Nylon sheath with Polyolefin core. Advertised as "compatible with Prusik Hitches, ascenders, pulleys and other rescue hardware."
Esprit River Line: Polyester sheath and blended polypropylene and Spectra core

PMI Water Rescue Rope: Nylon sheath with polypropylene core

Sterling Waterline: Double Braided high tenacity polypropylene construction

* NFPA Throwline Performance Requirements: Min Breaking Strength not less than 13 kN; min 7mm max 9.5; floating

Cord Description (all 2016 models):

5 mm Titan Cord; nylon sheath, Dyneema Core

6 mm CMC Rescue Prusik Cord; Nylon sheath and core
7 mm CMC Rescue Prusik Cord; Nylon sheath and core



Appendix B:

BASECAMP INNOVATIONS LTD 2016
NIF — EMBC/BCSARA Swiftwater Testing Project: Slow Pull Test Graphs
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Basecamp Innovations Ltd, PO Box 399, Invermere BC Canada, VOA 1KO www.basecampinnovations.com




Appendix B:

BASECAMP INNOVATIONS LTD 2016

NIF — EMBC/BCSARA Swiftwater Testing Project: Slow Pull Test Graphs
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5 10 15 ;aln 5 :.I] 4“] 'IJ w0 Ilfv 20 b3 30 kY
Max Force = 16.297 kN Max Force = 14.661 kN
Force Sample Rate = 500 Hz Force Sample Rate = 500 Hz
18/08/2016 14:43:29 18/08/2016 14:48:50
10mm PMI Water Rescue Rope Baseline Strength Test 10mm PMI Water Rescue Rope Baseline Strength Test
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18/08/2016 15:18:44

5/16 Esprit River Line Baseline Strength Test

Test 9: Test 10:
Pull Test Pull Test
Force Force
kN kN
15 15
14 | " //"/
3 13 //,,
2 V4 12—
" i / " /,/
0 ,./ / 10 //*
9 /' /.’ 9 -
7 y 8- yd
8 '/,' ) / 7 //
: ’ / 6 P //
/ 2 e
5 4 ,/
4 P
3 S/ ; /
2 e 1 !
1 d 0
. T T T T ‘I !
5 10 15 20 2 0 15 0 5 10 15 2 b3 30 35
Max Force = 15422kN ) Max Force = 15.303kN
Force Sample Rate = 500 Hz Force Sample Rate = 500 Hz
18/08/2016 14:55:20 18/08/2016 15:03:11
10mm PM| Water Rescue Rope Baseline Strength Test 3/8 Esprit River Line Baseline Strength Test
Test 11: Test 12:
Pull Test Pull Test
Force Force
kN kN
® ,/’ 15 T
Lol - 14 7
13 13 :
12 12
n" "
10 - 10
9 g 9 //
8 / 8 // ’
- 7
: 6 //
: . e
3 e 3 o
2 /. 2 ‘//,
1 o !
0
() . : T
5 0 15 M 25 30 a5 e 5 10 L » L 0
Max Force = 15.125 kN Max Force = 15,498 kN
Force Sample Rate = 500 Hz Force Sample Rate = 200 Hz

18/08/2016 15:26:29
5/16 Esprit River Line Baseline Strength Test
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Test 13: Test 14:
Pull Test Pull Test
Force Force

kN kN

24 24 =

2 - 22 P -

20 20 //

" g 18 ol

16 A b

14 ) 14 e

= - 12 -

10 p 10

[ g N

[ -~ 6 ///

4 e 4 e

2 2

5 0 16 20 25 2 35 5 10 15 20 7‘.‘! 30 :“5 40
Max Force = 24.392kN Max Force -
Force Sample Rate = 500 Hz Force Sample Rate = 500 Hz
18/08/2016 15:45:45 18/08/2016 15:50:48
. . 7/16 CMC River Rescue Rope Baseline Strength Test

7/16 CMC River Rescue Rope Baseline Strength Test

18/08/2016 15:56:44
7/16 CMC River Rescue Rope Baseline Strength Test

18/08/2016 16:05:20
7/16 BW Sure Grip Baseline Strength Test

Test 15: Test 16:
Pull Test Pull Test

2 // . ) </_/’

= /'/ 16 -

: - p "/ 14 /.&//

" N " et

14 ‘,/A/ 10 ///

8 . /'/' o /

6 s 4 P

4 2 e

2 y o -

Max Force = 19.654kN ’

Max Force = 24.985 kN _
Force Sample Rate = 500 Hz Force Sample Rate = 500 Hz
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Test 17: Test 18:
Pull Test Pull Test
Force Force
kN kN
18 _///f 18 B T
P |
16 - 16
14 // 14|
12 ,,// 12
10 s 10
" - ’ |
/ \ \
6 // ‘
. ' . \
e
2 - 24 1
R - ‘ 0 L
T T 205 no 2.5 2o
15 20 ] 30 35
Max Force = 19.552 kN
Max Force = 19.642 kN ;
. Force Sample Rate = 500 Hz
Force Sample Rate = 500 Hz P
18/08/2016 16:19:49
18/08/2016 16:10:30 7/16 BW Sure Grip Baseline Strength Test
7116 BW Sure Grip Baseline Strength Test
Test 19: Test 20:
Pull Test Pull Test
Force Force
N kN
2 _ 28 ,//-|
s | - . P
L . 24 ///
24| /‘” 22 .‘/r’
2 -/
20 p ,r/ f: /,//
18 ;‘/ 16 //'
16 A 14 ”/
i ) 12 ,"
2 e 10 _/’/
10 g 8 '/."
8 6 e
S
. 4 e
4 P 2 P
2 T T
T ! 5 10 15 20 El 30
5 10 15 20 2% 30 s
: Max Force = 29.894 kN
Max Force - 30.258 kN Force Sample Rate = 500 Hz
Force Sample Rate = 500 Hz
18/08/2016 16:33:23
18108/2016 16:27:36 1/2 Sterling Waterline Baseline Strength Test
1/2 Sterling Waterline Baseline Strength Test
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Test 21: Test 22:
Pull Test Pull Test
Force Foree
KN kN
26
28 24
% P s
20 // 18 -
18 /// 1 )
16 ya 14 -
14 7’,/ 12
12 4 10 y
10 8 ,//
8- Py R //"
6 S 4 //
4 - s
- : 2 ‘t'f
2
T -Iv 10 15 20 7‘!:
5 10 15 20
Max Force = 29576kN e oRates ook
Force Sample Rate = 500 Hz orce Sampe Rae = Z
18/08/2016 16:39:02 18/08/2016 16:46:27
. . . 1/2 Bluewater HR3 Baseline Strength Test
1/2 Sterling Waterline Baseline Strength Test
Test 23: Test 24:
Pull Test Pull Test
Force Force
KN kN
2 2 e
24 24 L
22 2 N/‘_”
20 20 ’
18 18 /./
/
p s
° e - e
7 !
10 o~ o 0 /),J
@ /
8 p,
e L]
6 / /
/ 4 /
4 }// 2 ,,//
2 ,/
- T
T T 0 5 w0 15 20 =]
0 5 10 15 20 s
Max Force = 27.402 kN
Max Force = 26.810 kN —
Force Sample Rate = 500 Hz
Force Sample Rate = 500 Hz
18/08/2016 16:58:37
18/08/2016 16:52:19 1/2 Bluewater HR3 Baseline Strength Test
1/2 Bluewater HR3 Baseline Strength Test
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Test 25: Test 26:
Pull Test Pull Test
Foree Force
kN kN
1
s
10 ;./ | ‘ P ‘ ﬁ// ’ 10 - ’_“/ /Wf ///
o / I _;"/ | / s Y ;»"
8 v,/ l'/ 8 q,',"
/ v
7 s 7
6 / 6
5 5
" 4
3 3
2 2 ,/
1 T
1
0 I ‘
5 10 5 20 5 10 15 2
Max Force = 10846 kN , Max Force = 11.061kN
Force Sample Rate = 500 Hz Force Sample Rate = 500 Hz
18/08/2016 17:57:29 18/08/2016 18:06:37
) . . All Line 3/8" (Mexico) Baseline Strength Test
All Line 3/8" (Mexico) Baseline Strength Test
Test 27: Test 28:
Pull Test Pull Test
Force Foros
N kN
24 Va
£ v
Al - v
" A | ( 'lf f /7 z
9 / |/ 20
8 // ‘/ 18 o /
7 i 16 | Vol
14 S
o p
12 //
4 10 ) .
4 8 (7
3 6 e
2 4 //
1 _ ‘,// 2 /
ot ‘ ‘ : . . . . -
4 6 ] 10 12 1 16 18 20 .
: Max Force = 24730 kN
Max Force = 10.930 kN
Force Sample Rate = 500 Hz
Force Sample Rate = 500 Hz P
18/08/2016 18:20:49
18/08/2016 18:12:04 Bluewater R3 Rescue 1-2 Baseline Strength Test
All Line 3/8" (Mexico) Baseline Strength Test
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Test 29: Test 30:
Pull Test Pull Test
Force Force

KN o

24 24

2 2

20 2

18 18 pd

16 -{ e 16 yd

14 - 14 /

2 12 P

10 al 10 y, ’

8 e 8 7

',/ .
6 e 6 /-
v 4 /‘/
4 Ve y
2 // 2 . /
- 0 T
T 5 10 15 20
5 10 15 20 25 30
MaxFoe =  24768KN Force Sample Rate = 500 Hiz
Force Sample Rate = 500 Hz P
18/08/2016 18:32:18
18/08/2016 18:25:51 .
Bluewater R3 Rescue 1-2 Baseline Strength Test

Bluewater R3 Rescue 1-2 Baseline Strength Test

18/08/2016 18:48:42
Bluewater HR3 Rescue 7/16 Knotted Strength Test

18/08/2016 18:57:10
Bluewater HR3 Rescue 7/16 Knotted Strength Test

Test 31: Test 32:
Pull Test Pull Test

. i "

. # u y

9 // 12 /

24 11 Ve

; // 1: //

6 / 8

; / ! e

‘ / : / g

2 . N /,/

Max Force = 16.094 kN

Max Force = 12.389 kN _
Force Sample Rate = 500 Hz Force Sample Rate = 500 Hz
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18/08/2016 19:10:39
Bluewater R3 Rescue 3/8 Knotted Strength Test

18/08/2016 19:14:14
Bluewater R3 Rescue 3/8 Knotted Strength Test

Test 33: Test 34:
Pull Test Pull Test
Force Force
kN kN
16 14 ,/
15 3 W
1+ / 12 /p“/
13 - e
12 yd n N
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4 L 8 10 12 11 16
Max Force = 14.777 kN
Max Force = 16.414 kN
Force Sample Rate = 500 Hz
Force Sample Rate = 500 Hz P
18/08/2016 19:06:57
18/08/2016 19:00:49 Bluewater R3 Rescue 3/8 Knotted Strength Test
Bluewater HR3 Rescue 7/16 Knotted Strength Test
Test 35: Test 36:
Pull Test Pull Test
Force Force
kN kN
14 - 12 ,/ )
b / "/ 1| / Y
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Force Sample Rate = 500 Hz P
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Test 37: Test 38:
Pull Test Pull Test
Force Force
kN kN
10 . ,"/I 1" //' ’ A
Y. /

’ J/ /! : /!
7 / Vd
6 // /" / T // /
5 ’// ’,1 ¢ /’ ’/

// / 5 r

/ /

4 v 1 / l
3 3
1 _ ‘ 1 -

2 4 6 8 10 12 14 16 n 2 4 6 8 10 12 14 16 18
Max Force = 10.653 kN Max Force = 11.773 kN
Force Sample Rate = 500 Hz Force Sample Rate = 500 Hz
18/08/2016 19:20:31 18/08/2016 19:25:22
PMI 10 mm WRR Knotted Strength Test PMI 10 mm WRR Knotted Strength Test

Test 39: Test 40:
No graph available Pull Test
Force
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10
o ‘/J/“
8 ,-/
, yd
6 /’J’
5
4
3
2
! o
1‘ 6 8 10 12 " 16
Max Force = 10.117 kN
Force Sample Rate = 500 Hz
18/08/2016 19:34:15
Esprit 5/16 Riverline Knotted Strength Test
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Test41: Test 42:
Pull Test Pull Test
Force Force
kN kN
10 7
9 J‘/'/ . P A 7 1
A 7
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/" 7 v
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v ¢ e
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1 - 1 e
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2 4 6 8 10 12 14 16 2 4 6 a8 w0 12 14 16
Max Force = 9.455 kN Max Force = 10.018 kN
Force Sample Rate = 500 Hz Force Sample Rate = 500 Hz
18/08/2016 19:38:17 18/08/2016 19:41:45
Esprit 5/16 Riverline Knotted Strength Test Esprit 5/16 Riverline Knotted Strength Test
Test 43: Test 44:
Pull Test Pull Test
Force Force
kN kN
18 o 15 ‘,(‘M
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P p
12 A/,“ 10 | ~ "
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/f / 7 e
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2 " 1 e
l : 10 15 2 I“ 4 6 QIS 10 I‘} " 16 1‘8 20 ?I')
Max Force = 18818KkN ’ Max Force = 15804kN
Force Sample Rate = 500 Hz Force Sample Rate = 500 Hz

18/08/2016 19:47:55
CMC 7/16 River Rescue Rope Knotted Strength Test

18/08/2016 19:51:29
CMC 7/16 River Rescue Rope Knotted Strength Test
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Test 45: Test 46:
Pull Test Pull Test
Force Force
kN kN
17 / 14 A
16 - Ve
. : o
" v 1 Wl o
13 L - “ //"
: e v
10 v o e
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: S : g
‘ yd s
5 S .
4 / 3 /
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2 ) / 1 o
1 o T | e T T
T T 6 a 10 12 " 16 18
2 4 6 8 10 12 14 ® 18 2 .
MaxFoce = = 17.372kN Force Sample Rate= 500 fiz
Force Sample Rate = 500 Hz P
19/08/2016 09:04:10
18/08/2016 19:55:38 X
Bluewater Sure Grip 7/16 knotted strength test
CMC 7/16 River Rescue Rope Knotted Strength Test
Test 47: Test 48:
Pull Test Pull Test
Force Force
kN kN
13 14 y Y |
12 Vs 13 /,/ L/
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1 P s 12 /ﬂ
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. 10 | A
9 v /x/ o . oy
8 p M 8 yd
7 vd 7 A
6 , ,w"f . //
5 A 5 ~
4 4 /
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MaxFore =  13325KN Force Samplo Rate = 500 iz
Force Sample Rate = 500 Hz P
19/08/2016 09:14:13
19/08/2016 09:10:02 .
Bluewater Sure Grip 7/16 knotted strength test
Bluewater Sure Grip 7/16 knotted strength test

Basecamp Innovations Ltd, PO Box 399, Invermere BC Canada, VOA 1KO www.basecampinnovations.com




Appendix B:

BASECAMP INNOVATIONS LTD 2016

NIF — EMBC/BCSARA Swiftwater Testing Project: Slow Pull Test Graphs

Test 49: Test 50:
Pull Test Pull Test
Force Force
kN N
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Max Force = 21.854 kN Max Force = 21.993 kN
Force Sample Rate = 500 Hz Force Sample Rate = 500 Hz
19/08/2016 09:18:35 19/08/2016 09:22:06
Sterling Waterline 1-2 knotted strength test Sterling Waterline 1-2 knotted strength test
Test 51: Test 52:
Pull Test Pull Test
Force Force
N kN
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/ 1{ /
i s 18 /
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1 /,../V/ 14
2 ‘.'N/\/‘ 12| /
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Max Force = 21.181 kN Max Force = 21.950 kN
Force Sample Rate = 500 Hz Force Sample Rate = 500 Hz
19/08/2016 09:25:47 10/08/2016 09:31:07
Sterling Waterline 1-2 knotted strength test Bluewater HR3 1-2 knotted strength test
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19/08/2016 09:42:23
3/8" All Line (Mexico) knotted strength test

19/08/2016 09:46:45
3/8" All Line (Mexico) knotted strength test

Test 53: Test 54:
Pull Test Pull Test
KN kN
20 4/ 18 //'
18 | / ] 4
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Max Force = 19.255 kN
Max Force = 20.614 kN _
Force Sample Rate = 500 Hz Force Sample Rate = 500 Hz
19/08/2016 09:38:02
19/08/2016 09:35:06
Bluewater HR3 1-2 knotted strength test
Bluewater HR3 1-2 knotted strength test
Test 55: Test 56:
Pull Test Pull Test
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Max Force = 10.940 kN
Max Force = 10.205 kN B
Force Sample Rate = 500 Hz Force Sample Rate = 500 Hz
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19/08/2016 09:59:48

Bluewater R3 1-2 knotted strength test

19/08/2016 10:03:24

Bluewater R3 1-2 knotted strength test

Test 57: Test 58:
Pull Test Pull Test
Force [ Force
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Force Sample Rate = 500 Hz P
19/08/2016 09:56:07
19/08/2016 09:50:11
Bluewater R3 1-2 knotted strength test
3/8" All Line (Mexico) knotted strength test
Test 59: Test 60:
Pull Test Pull Test
Force Force
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Force Sample Rate = 500 Hz
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Test 61: Test 62:
Pull Test Pull Test
/ .
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MaxForce = 9.983KkN Force Sample Rate = 500 Hz.
Force Sample Rate = 500 Hz P
19/08/2016 13:02:23
19/08/2016 11:44:51
BW 7/16" HR3 with 3W 5mm Titan Prusik
BW 7/16" HR3 with 3W 5mm Titan Prusik
Test 63: Test 64:
Pull Test Pull Test
Force Force
kN kN
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Max Force = 14.816 kN Max Force = 7157 kN
Force Sample Rate = 500 Hz Force Sample Rate = 500 Hz
19/08/2016 13:05:28 19/08/2016 13:10:50

BW 7/16" HR3 with 3W 5mm Titan Prusik BW 7/16" HR3 with 3W 6mm CMC Prusik
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19/08/2016 13:29:48
BW 3/8 R3 with 3W 6mm CMC Prusik

19/08/2016 13:33:37
BW 3/8 R3 with 3W 6mm CMC Prusik

Test 65: Test 66:
Pull Test Pull Test
Force Force
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n:_‘. - t/ 12
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Max Force = 9.000 kN Max Force = 12.386 kN
Force Sample Rate = 500 Hz Force Sample Rate = 500 Hz
19/08/2016 13:16:43 19/08/2016 13:25:46
BW 7/16" HR3 with 3W 7mm CMC Prusik BW 3/8 R3 with 3W 5mm Titan Prusik
Test 67: Test 68:
Pull Test Pull Test
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Max Force = 9.911 kN Max Force = 10.273 kN
Force Sample Rate = 500 Hz Force Sample Rate = 500 Hz
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19/08/2016 13:47:46
PMI 10mm with 3W 7mm CMC Prusik

Test 69: Test 70:
Pull Test Pull Test
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PMI 10mm with 3W 5mm Titan Prusik PMI 10mm with 3W 6mm CMC Prusik
Test 71: Test 72:
Pull Test Pull Test
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Force Sample Rate = 500 Hz Force Sample Rate = 500 Hz

19/08/2016 13:52:42
Esprit 5/16 with 3W 5mm Titan Prusik
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Test 73: Test 74.
Pull Test Pull Test
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Esprit 5/16 with 3W 6mm CMC Prusik Esprit 5/16 with 3W 7mm CMC Prusik

Test 75: Test 76:
Pull Test Pull Test
Force Force
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19/08/2016 14:08:54
CMC 7/16" Riverline 6 mm CMC Prusik
CMC 7/16" Riverline 5mm Titan Prusik
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Test 77: Test 78:
Pull Test Pull Test
Force Force
™ kN .
A " |
@ 11’ f’ F’ 10 —{ /
1 Al 1 /f' |
10 1” f / 9 V‘
| rd
9 ‘1'1/ / K a
8 ’.“" " 7
7 \f | 6 ‘l
6 I 5 V
5 i 4
4 Nhtan ."‘ i 3
INAIAIRIarar /
2 PRV L y 1 . // |_4/]
1 o - \
T 2 4 6 8 0 12 “ 16
5 10 15 20 25 30 35 4 45 s
® Max Force = 11.693 kN
Max Force = 12.868 kN Force Sample Rate = 500 Hz
Force Sample Rate = 500 Hz
19/08/2016 14:28:03
19/08/2016 14:21:22 BW 7/16" Sure Grip 5 mm Titan Prusik
CMC 7/16" Riverline 7 mm CMC Prusik

Test 79: Test 80:
Pull Test Pull Test
Force Force

kN kN
u 7 B 7
70 /f’/ 70 /l
65 I/va 65 -| /
60 - ‘ r-/" ) 60 f f ]
55 NM‘I | 55 / f ‘ [\' i 1
5 [ 50 1 !,“,.‘v.,\
50 A | - j JHL H(ﬂ‘ MMt
e /"‘f T 40 ] ” U "
40 A EW‘« il 10 i

[l A0 " "I”“ IW"J 35
35 W Jh»’-‘ ,[J FL i flm» “M”; 30
30 P ‘” " i 25
25 20

15
20 10
i5 05 »
o 5 10 15 20 25 30
0 5 10 15 20 25
s
Max Force = 7.784 kN N e o Rafe - 8 100k
Force Sample Rate = 500 Hz orce campie Rate = z
19/08/2016 14:32:04 19/08/2016 14:36:57
. i BW 7/16" Sure Grip 7 mm CMC Prusik

BW 7/16" Sure Grip 6 mm CMC Prusik

Basecamp Innovations Ltd, PO Box 399, Invermere BC Canada, VOA 1KO www.basecampinnovations.com
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Test 81: Test 82:
Pull Test Pull Test
Force Force
kN kN
12 /‘ 80 \m
1 ‘1‘ Lt /\‘J‘/j
' 70 0 1 1
10 65 /l/ iy f
o A I
" B8 A IRIRIRIATES
50 Vi / Al
7 45 /! [ L‘ } / i‘
6 ‘ 10 U |
7 35
30
. " 2
3 / 20
. o | 12
1 /___/"/ ‘ 05 /
o ~ T 7 5 10 15 20 i
4 6 8 0 12 14 16 s
: Max Force = 8.430 kN
Max Force = 12.517 kN .
: Force Sample Rate = 500 Hz
Force Sample Rate = 500 Hz P
19/08/2016 14:47:57
19/08/2016;14:43:56 Sterling 1/2" Waterline 6mm CMC Prusik
Sterling 1/2" Waterline 5mm Titan Prusik

Test 83: Test 84:
Pull Test Pull Test
Force Force
kN kN
W
13 /" 16
12 ’/v" 15
1" ﬁ"l’a L
10 _/‘f'4 :; /s
9 ﬂm“ﬂ 1
] J/ﬂ 1
7 / .
6 ~ 7
5 g o
. 5
3 /| /] / / ;
2 AvaViv 2 ;
- / v/ l/ / I~ ; . — : i \
- T 2 4 6 a8 10 12 14 16 18
5 10 15 20 25 30 5 .
® Max Force = 17.249 kN
Max Force - 13.416 kN Force Sample Rate = 500 Hz
Force Sample Rate = 500 Hz
19/08/2016 15:15:11
19/08/2016 14:52:08 Bluewater HR3 1/2" 5mm Titan Prusik
Sterling 1/2" Waterline 7mm CMC Prusik
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19/08/2016 15:35:08
All line 3/8" (Mexico) 5mm Titan

Test 85: Test 86:
Pull Test Pull Test
10 nf’fl'r :T, ,n"f
9 ‘///ﬂ 10 /,/M
8 p ! 9 / 1
7 zrﬂf/ 8 // J]Wf] 1
1 A | (A
| A fhﬂh, 7 'M'I'HJ’H« Lttt
‘ P T o / Nt
5 /-f ..,{ M’!H'L "m‘:‘: ‘va/wnﬂ,w\_ . H,AL.”MHM} -
3 3
1 '/4 T T T 1 - v ‘
Max Force = 11.156 kN Max Force = 12.338 kN
Force Sample Rate = 500 Hz Force Sample Rate = 500 Hz
19/08/2016 15:20:31 19/08/2016 15:25:16
Bluewater HR3 1/2" 6mm CMC Prusik Bluewater HR3 1/2" 7mm CMC Prusik
Test 87: Test 88:
Pull Test Pull Test
o 7l i
: x’ .
s 35 !
40 30 { :llﬁ‘f,glr
35 . It e .
30 ) /WW{ ‘)L Jﬁl"llh-"l'lw""MWFw‘v,\WW1‘;||||]|11|‘r‘,w;‘,1|m J'“v}',l.
a8 N
Max Force = 6.934 kN ) Max Force = 5.120 kN
Force Sample Rate = 500 Hz Force Sample Rate = 500 Hz

19/08/2016 15:39:24
All line 3/8" (Mexico) 6mm CMC

Basecamp Innovations Ltd, PO Box 399, Invermere BC Canada, VOA 1KO www.basecampinnovations.com
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Test 89: Test 90:
Pull Test Pull Test
Force Force
kN kN
55 10
50 9 /
45 '1" 8 / f‘
40
5 ! "lvw, 7 ) i
> ','L‘l."'k,ﬂf L. 6 ol
20 v ﬂ Ilwﬂwﬂ; deﬂ‘\”ﬁ"‘/j'\___ |
25 °
20 ! 1
15 ? i Jnemrdpronspranin
10 2 |
05 1
5 10 15 20 -3 IIO 15 JIO b~ 20
Max Force = 5.568 kN Max Force = 10.295 kN
Force Sample Rate = 500 Hz Force Sample Rate = 500 Hz
19/08/2016 15:43:09 19/08/2016 15:51:23
All line 3/8" (Mexico) 7mm CMC Bluewater R3 1/2" 5 mm Titan CMC
Test 91: Test 92:
Pull Test Pull Test
Foroe Force
KN kN
ol a4 o /
! 80 rs
80 },v'/l 75 ’rﬂ
] Al ] a
65 | A 7 | o0 |
60 R f 55 f
55 Wﬂ/ / ‘- ot ‘
50 o { | ’ |
e i | e
40 / ! | . ‘ 35 IENT
25 IRty A
20 ' l' ’f \, L__ j; L
15 X
Y 0s
08 T T 5 10 15 20 )“‘n :'PI(I
5 10 15 20 25 30 s
® Max Force = 8.909 kN
Max Force = 9.149kN Force Sample Rate = 500 Hz
Force Sample Rate = 500 Hz
19/08/2016 15:59:55
10/08/2016 15:55:58 Bluewater R3 1/2" 7mm CMC
Bluewater R3 1/2" 6mm CMC

Basecamp Innovations Ltd, PO Box 399, Invermere BC Canada, VOA 1KO www.basecampinnovations.com




Appendix B:  BASECAMP INNOVATIONS LTD 2016
NIF — EMBC/BCSARA Swiftwater Testing Project: Slow Pull Test Graphs

19/08/2016 16:39:09
Bluewater R3 1/2" 7mm CMC

Test 93: Test 94:
Pull Test Pull Test
Force Force
kN kN
16 | S
15 1 /ﬂy.l
H 10 Vs y
:Z - 8 /‘_,‘4 ¥ / ‘
1 8 /‘4’,‘, J ) /
10 , ” ‘
. 6 IAI"AL ,’
; A/"I/I( /
T 5 v
; . ~
3 . - /
3 2 y
o I o 5
0 - . : : 0 i
4 L ] 10 12 14 16 18 5 10 15 20 25
Max Force = 16.273 kN Max Force = 11.817 kN
Force Sample Rate = 500 Hz Force Sample Rate = 500 Hz
19/08/2016 16:31:20 19/08/2016 16:35:14
Bluewater R3 1/2" 5mm Titan Bluewater R3 1/2" 6mm CMC
Test 95: Test 96:
Pull Test Pull Test
Force Force
kN kN
13 — ’ q
" "/’/ :; 5 /
v 70 %
. - 65 /,,,/V
"’ 60 /
) A~ 55 /
8 ,/'Jf ; 50 /.///
\ 45
; / 4 40 ,//
° / 7 i 2; //
! : /’ 29 ﬂ,/
3 ‘Z‘: //'"’ ‘4
2
o e
0 = 00-C ; ‘
* o 5 2 » 2 4 6 8 10 12 14 16
Max Force = 13.118 kN Max Force = 8.336 kN
Force Sample Rate = 500 Hz Force Sample Rate = 500 Hz

19/08/2016 18:16:30
CMC Throwline. Redi-Line 7/16"
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19/08/2016 18:21:15
CMC Throwline, Redi-Line 7/16", 6mm CMC Prusik

Test 97: Test 98:
Pull Test Pull Test
A N
40 ” . | ,
354 }J 40 - ;J /
(" i
LTI mAM AN
- N ; LTS
20
- :
b 10
05 05 -
Max Force = 4.941 kN ’ Max Force = 5.799 kN
Force Sample Rate = 500 Hz Force Sample Rate = 500 Hz

19/08/2016 18:25:09
CMC Throwline, Redi-Line 7/16", 7mm CMC Prusik

19/08/2016 18:31:14
BW Suregrip 3/8 knotted

Test 99: Test 100:
Pull Test Pull Test

8.0 50 AﬂWA

:’,: ,m-‘/' 45 /n, |

65| w‘f‘/‘b 40 f:",f

6.0 ,_J/J . ‘|

:: e " 30 I‘

45 ~ .

40 r 2, vg.c“‘ Ik '.‘:' ) )
-~ ; s
= - 3

s / "
Max Force = 8.401 kN ’ Max Force = 5.149 kN
Force Sample Rate = 500 Hz Force Sample Rate = 500 Hz

19/08/2016 18:34:46
BW Suregrip 3/8 with 6mm CMC Prusik
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Test 101: Test 102:
Pull Test Pull Test
o K:‘u ) N4
o0 Vs W o /’ U\,,,
* //‘ 8 / )
50 e [ , / 1]
45 /’_'/ | /’
10 Ve f ¢ Y |
a5 vl f J\m,_’% ol 5 s h
30 t'f‘/' LL LJLFw:fﬁ" Ullr‘ ‘IJ ﬁva f ¢ /«/ /
25 4 }
20 , _/'/
:: f //’"
X P \f_‘_,-—/'—‘“_“‘
* Max Force = 10.113 kN
Max Force = 6.539 kN _
Force Sample Rate = 500 Hz Force Sample Rate = 500 Hz
. 19/08/2016 18:43:31
19/08/2016 18:38:35 CMC NFPA Throwline 3/8" knotted
BW Suregrip 3/8 with 7mm CMC Prusik
Test 103: Test 104:
Pull Test Pull Test
Force | Force
36 - 7\
24 18 X _/\
| ™
iﬁ M-: "
24 I/ I K 12
22 Ll f‘Wﬂ l'vli‘l,lwmblfﬂh*mﬂ W\‘. . / ‘
o s / N
I . /
08 /‘/
vl B
Max Force - 3 656 kN ’ Max Force = 19.104 kN
Force Sample Rate = 500 Hz Force Sample Rate = 500 Hz

19/08/2016 18:47:00

CMC NFPA Throwline 3/8" with CMC 6mm Prusik

19/08/2016 18:54:25
CMC NFPA Throwline 3/8" Baseline Strength
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Test 105: Test 106:
Pull Test Pull Test
Force Force

kN kN

18 o

1o VI VAd "

14 / | 10 e

/] ‘Iﬁ . )
12 / l o s
// | \ 7 ,.///

10 / .} i _\‘v‘%“»\_ . P -

8 / | . )

6 ”f\/ f 4 ,.,//

4 -’ﬂ 3 p

/ 2 e
2 / . ///
/ e
0 T T
5 10 15 20 5 10 15 20 25

Max Force - 18.579 kN Max Force = 12.957 kN
Force Sample Rate = 500 Hz Force Sample Rate = 500 Hz
19/08/2016 19:00:45 19/08/2016 19:06:50
CMC NFPA Throwline 3/8" Baseline Strength CMC Throwline Redi-Line 7/16" Strength Test

19/08/2016 19:12:31
BW Sure Grip 3/8" Strength Test

Test 107:
Pull Test
1
Max Force = 11.782 kN
Force Sample Rate = 500 Hz

Basecamp Innovations Ltd, PO Box 399, Invermere BC Canada, VOA 1KO www.basecampinnovations.com
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NIF 2016 EMBC & BCSARA

Swiftwater Rescue Craft Drag Tests Summary

Watercraft: Operator Position
Tributary 9.5' HD Center Bow Stern
Speed (kph) | Max Force (kN) [Max Force (kN) | Max Force (kN) |Comments/Observations:
1 Person (0.7 kN) Load: 5.0 0.04 0.08 0.09
7.0 0.12 0.44 0.32
10.0 0.30 0.45 0.70
2 Person (1.6 kN) Load: 5.0 0.11 0.11 0.18
7.0 0.14 0.78 0.30
10.0 0.54 1.65 1.03 boat nose-dived with load in bow position
Watercraft: Operator Position
Oceanid RDC Center Bow Stern
Speed (kph) | Max Force (kN) (Max Force (kN) | Max Force (kN) |Comments/Observations:
1 Person (0.7 kN) Load: 5.0 0.05 0.13 0.05
7.0 0.24 0.27 0.11
10.0 0.52 0.88 0.20
2 Person (1.6 kN) Load: 5.0 0.08 0.13 0.06
7.0 0.33 0.52 0.12
10.0 0.33 1.64 0.42 bow area flooded
Watercraft: Operator Position
AIRE 143 E-Series Center Bow Stern
Speed (kph) | Max Force (kN) (Max Force (kN) | Max Force (kN) |Comments/Observations:
1 Person (0.7 kN) Load: 5.0 0.02 0.05 0.05
7.0 0.05 0.11 0.08
10.0 0.29 0.37 0.42
2 Person (1.6 kN) Load: 5.0 0.02 0.04 0.03
7.0 0.08 0.17 0.17
10.0 0.40 0.65 0.76
3 Person Load: 5.0 0.05 0.07 0.08
7.0 0.12 0.21 0.23
10.0 0.31 0.63 0.99
Watercraft: Operator Position
NRS Otter 140 Center Bow Stern
Speed (kph) | Max Force (kN) (Max Force (kN) | Max Force (kN) |Comments/Observations:
2 Person (1.6 kN) Load: 5.0 0.06 0.12 0.14
7.0 0.11 0.21 0.35
10.0 0.35 0.59 1.24
Watercraft: Centre Position Oar Drag |
Hyside Cataraft 14' Speed (kph) | Max Force (kN) |Max Force (kN) Comments/Observations:
1 Person (0.7 kN) Load: 5.0 0.05 0.13 no bow or stern position with this watercraft
7.0 0.07 0.39 "
10.0 0.23 0.39 "
2 Person (1.6 kN) Load: 7.0 0.13 0
10.0 0.35 0

Watercraft:

Centre Position

AIRE Ocelot 14'

Speed (kph)

Max Force (kN)

Comments/Observations:

1 Person (0.7 kN) Load: 5.0 0.04
7.0 0.10
10.0 0.20
2 Person (1.6 kN) Load: 5.0 0.08 people positioned centre and also rear
7.0 0.13 "
10.0 0.36 "
Dorsal Attachment Drag: speed mass of Swiftwater Technician
* one person (kph) (~70 kg) (~90 kg) (~150 kg) Comments/Observations:
* feet not on ground 5.0 0.29 0.35 0.55
7.0 0.44 0.54 0.83
10.0 0.58 0.74 131 pressure around chest cavity very noticable

Note: Speed varied +/- 0.4 kph
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0.80
0.70
0.60
0.50
0.40
0.30
0.20
0.10
0.00

Force (kN)

e mass in Center
e mass in bow

e mass in Stern

Watercraft Drag Force for Given Speed & Mass

(Tributary 9.5' - 1 Occupant)

/

5.0 7.0 10.0
0.04 0.12 0.30
0.08 0.44 0.45
0.09 0.32 0.70

Water Speed (kph)

e mass in Center  ======massin bow  =====mass in Stern

Watercraft Drag Force for Given Speed & Mass
(Tributary 9.5' - 2 Occupants)
1.80
1.60
1.40
= 1.20
=3 1.00
S 0.80
2 0.60
0.40 /
0.20
0.00
5.0 7.0 10.0
= mass in Center 0.11 0.14 0.54
s mass in Bow 0.11 0.78 1.65
e m1A5S iN Stern 0.18 0.30 1.03
Water Speed (kph)
==——=mass in Center  =====massin Bow  =====mass in Stern
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1.00
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0.80
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0.60
0.50
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0.10
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Force (kN)

= mass in Center
—mass in Bow

== mass in Stern

Watercraft Drag Force for Given Speed & Mass

(Oceanid RDC - 1 Occupant)

-

5.0 7.0 10.0
0.05 0.24 0.52
0.13 0.27 0.88
0.05 0.11 0.20

Water Speed (kph)

= mass in Center  =====mgassin Bow  =====mass in Stern

Watercraft Drag Force for Given Speed & Mass

(Oceanid RDC - 2 Occupants)

1.80
1.60
1.40
= Series "mass in Stern" Legend Entry
= 1.00
)
© 0.80
2 0.60
0.40
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0.00
5.0 7.0 10.0
e=—mass in Center 0.08 0.33 0.33
e mass in Bow 0.13 0.52 1.64
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Force (kN)
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Watercraft Drag Force for Given Speed & Mass
(AIRE E-Series - 3 Occupants)
1.20
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=
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0.20
0.00
5.0 7.0 10.0
= mass in Center 0.05 0.12 0.31
s aSS in Bow 0.07 0.21 0.63
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(NRS Otter 140 - 2 Occupants)
1.40
1.20
. 1.00
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0.00
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Watercraft Drag Force for Given Speed & Mass
(Hyside Cataraft 14' - 1 Occupant)
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Watercraft Drag Force for Given Speed & Mass
(AIRE Ocelot 14' - 1 Occupant)
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5.0 7.0 10.0

= Center Position 0.04 0.10 0.20
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Human Drag Force for Given Speed & Mass

1.40
1.20
. 1.00
=
= 0.80
]
et 0.60 —
o
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0.20
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5.0 7.0 10.0
70 kg Person 0.29 0.44 0.58
e 90 kg Person 0.35 0.54 0.74
e 150 kg Person 0.55 0.83 1.31

Water Speed (kph)

70 kg Person  =====90 kg Person  =====150 kg Person
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EMBC Rope Rescue NIF - Equipment Testing 2016

Swiftwater Rescue Systems - Slow Pull Tests

pate; [0OF I3

Temp: aSUC RH: Saa(a
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Where Failed:

near middle

BY@}.‘(RT C\Oﬂﬂ@xﬁor\ than previous fwo Tope modéls .




BASECAMP INNOVATIONS LTD.
EMBC Rope Rescue NIF - Equipment Testing 2016

Swiftwater Rescue Systems - Slow Pull Tests

Date: , (‘90& l ?;

Temp:_ 2 2°C RH: 32%

Testers: |<M\ ) CA p H M

DAQ Speed: S00HzZ

Test # %
é.f’re Photo

Test Setup: |G P WRR | ot IOR\LO6 & (\/ﬁlloub/HwB)

MBS bkN  Raseline Stremth Test

Maximum Force Obtained:

(1. Lb! KN

Comments: Fi ke: T€S+ % FOW‘LW\ PM:; W ER

Where Failed: ngp [

\W55

Sefled into clents twicl. ion Yhan Srevious Ty

Time:\/ideo . Jdotices bl“‘} qreo, LR w f\ﬂ(dd\ Ce

Mg | Sefled o o tods Ywic N b ety
Test # Test Setup: |(7) FM\ \J\)RP \ t”r'i |O =4 g;;rC HolG f g_f {N ol / ]: ;LHD Maximum Force Obtained:
y q MBS kN Boaseline Strength Test 5. 422kN

Pre Photo )

omments: . ” _ Pl here Failed: N
i Pl e ile s Test @ jo s W\L \"f‘f"f‘r lon 1" aeos ston onary
- e A s bollasd

\s

Test # lo

Testset: X7/} Esprit River Lire Roseline Stremgth TesH

Maximum Force Obtained:

Iﬂ(Pre Photo
/'

Pest-Photo
Time:\"&xeo
\51%

tellow/ied MBS \H.2KN  yellows /red |5 303KN
{Q(Pre Photo /<]
PostPhote omments: T~ - i o0 A 3|0 ere Failed: _
Time:\ﬂdeo c’ ‘ ts FI\Q;_T’@’S{\“ !QESFT\% 3 % DP@’C ?'!r‘ey mﬁ&& \%ﬁﬁéﬁl B ':—\Iéjlr@r sfoﬂnoﬁo\f\/
1502 ["7hny spectra ini¥? WSL 5/l wSLMOAI6.S1l bollar
Test # H Test Setup: S/Hﬂ“ ES P"\ .\, E'IV@Y L!-ne’ B()ﬁﬁ“ﬂe S‘;’t’f(‘}l’)ﬂ% Maximum Force Obtained:
Test | [5.125&N

Comments: \1"-\\6;: Tés"' “ &‘Fﬁf 5’,'(0
see fest |0

Where Failed:

near stationar
be lla.rd

Test # l a
E{ Pre Photo

M-Post-ﬁro'to-'
Time: V-\ MO
152

Testsetup: 5 /] " EsFri+ River Line Roseline f‘ﬁfevgh,

—_—

\est

Maximum Farce Obtained:

|5.498kN

Comments:\:ilee; Teg,-\' \E_ Ef)?f;‘—\_ S"lb
; e test O

Where Failed:

near er\}e/-llnB
bollard,

Test # l 5
E{Pre Photo

=

Test Setup: "]/[{p“ CMC Riyer ‘ﬂ
Vellow/blue MRS 16.5%N

. " ™ o e P
LUl Bope Roseling |

Strength Test

Maximum Force Obtained:

9 4.292kN

Comments: wa“ [Q’ C/ Q L,L L{Ej/a
File: Test 12 CMC T-

Where Failed:
neatd +ravel \imq,
loollard

Test # l L\(
\E/I:re Photo

@/ WA ;.iﬁ(}

Time:

}550

Testsetup: —1 [1(," (M C River Kescue “::Q;jﬁiif’ Baselime_
Stren ri Ha Test

Maximum Force Obtained:

IH . 38kN

Comments:

Filew Test |{ ame T-16

Where Failed:
néer trave

U\‘n:s

loo“&rc{




BASECAMP INNOVATIONS LTD.
EMBC Rope Rescue NIF - Equipment Testing 2016
Swiftwater Rescue Systems - Slow Pull Tests

Date: UDO%!%

Temp: H’C RH: !’,O“/.

Testers: kM, CA, HM

DAQ Speed: 500 HZ—

Test # ’ S
@(Pre Photo
o

~ VideD
Time;

V=50

Testsep 7 /10" CMC River Reseut Ropr Boseling
SArengtn Test

Maximum Force Obtained:

24.935 kN

Comments: Tile: Tesy 1S CMe T1-)b

Where Failed: i
Neor  Stationar

bollard

Test # “@
MPre Photo

F‘eﬁ-t-E-heto«
_V\d%O

Time lo(_‘)g

Testsewn-1 /1" BW Suse Grip Baseline Strength Test
Mellow fred MBS (5,\ kN e

Maximum Force Obtained:

19. GSH kN

Comments: g s Test |, BW Su Grip 7- 1l

Where Failed:

heor ATowvel h'nj

bollard

Test # \ _l
?re Photo

(o

TestSetup:"’/((g“ B\!\J ELLTQ AT

Rogline Stren
Ve "

Maximum Force Obtained:

‘qu(OL\ZkN

4
Eﬂre Photo

[\ Pest-Photo
Vides

Time.k (02,7

HESEE ol \fr\ﬁujgo&.@\me Strength TesY

Redfyellow (012709 Wetertne J
t ¢ ekt wp-oqismrRy VB2 BSe b

Comments: ¥ -~ T e el ™ here Failed:

Time: V1020 “Eile: Test 177 BW Sure Gu ip o & nfec'lr stationor

|lol0 ollord
Test # C, Test Setup: 7 /[ (.9” B W SL,U'@ G‘i F’;'-IP E’Qij{,_{g.‘_‘( _ ‘ 4 I/}‘Q;,:ﬁ ”;'/gs{, Maximum Force Ob.tained:

(4. 55 2kN

E/P e Photo

PestPhoto Comments: —- 3 o - here Failed:

1blq be Ul rd

Test # Maximum Force Obtained:

20,25%

Comments: F‘~
|

le:Test 19 Ster \s'nfaj Wates line 1-2-

Where Failed:

neor Arpvellin 9
lbollar A

Test# (O
E/Pre Photo

[ Rost Photo-
vides

|33

Time:

Wy f»?_;ﬂ{,i"ﬂﬂ

Test Setup: | [ S%Qr‘\in% L'\)Oj«‘if\;ﬁ‘?. gaf.:g!!f;“.{
) oA

Test

Maximum Force Obtained:

79.6IMkN

emme el lest 20 Ster|ing Watesline |-

Where Failed:

between
bolards

Test # E l
M/Pre Photo

Post-Photo—

Time:\ﬁ‘ deo

1639

TestSetup: § j5 © < g - FiNn 4 } - e SIS ©

1 i Yy Ay

L Oteriing WATET [hn€ Basehnd

ol R TY
dtrength
»,

Maximum Force Obtained:

2.5 kN

Comments: Fl- \Q - /€S \— E'\ E){"Qs" [‘p\g U}O%fﬁ,’f »r,x l=

Where Failed:

Neor %rmélhrg

bo llard




BASECAMP INNOVATIONS LTD.
EMBC Rope Rescue NIF - Equipment Testing 2016
Swiftwater Rescue Systems - Slow Pull Tests

Date: [ (908‘%

Temp:. I-TC RH: SOCL

Testers: KM; CA ) H- M

pAQ Speed: SOOHZ

Test# za
@/Pre Photo

Tesesenes 17" Bluewoder HR Boseline Strength Test”
fellow ovange SN 50RAT Lot 620168 mMgs 22.2

Maximum Force Obtained:

2b.339kN

Comments: — -

Files Test 22 BW HR3 |-&

Where Failed:

near Yravelling
bollard,

[’j;/ Pre Photo

restsenm 12" Bluewater HR3 Baseling Strength Test
S

Maximum Force Obtained:

7. RIGKN

157

Phick Sheodn

E’W Comments: Tolp = - - WP 1D Where Failed:
e 0 Fils lest SR HEFB b néor trovelling
\bs2 hellard
Test # ? L\ Test:Setup: ;: —3 ‘1 e wode T H\?S %OE@K}/\@, i"’r@?"ﬁjﬂ/"rﬁg-r Maximum Force Obtained:
N 2 7.4Hoe kN
?e Photo
: pe.s;t_lg\q&e;g Comments: FT. li?,i’ —\"85_% EL\ %\/\) HRS FE{ Where Fé‘lled:
Trrrﬁb S% il dd\e
Test # 5 Test Setup: ng\\ }L\\\ Hhﬂe %Qﬁﬁlfw-’\ﬁ_ S:,!: ]—{m M.HA Maximum Force Obtained:
7 \ellow/ reg st |0.BHkN
gm oo | WSLIZS-1079 Order 1863 |6MHS - Mexico
P [T Files Test 25 AWl Line 3-8, Tryee distinct, [Merrses
Time: V14€0 swwilor force peoks, selid bradd co o’ JockeXked b\/ midC\IQ

Test # a(a

E/Pre Photo
E/'e:\,i?eo

Tim

TestSetup: 3[RV N\ Y ne Roseline SY gt est
\—/l‘ ¥

Maximum Force Obtained:

\L.OGIkN

Comments: 1-1 g~ Test 2b Al Line 3-%
Sheodh aofter

Appars core s slipping wid

|
nin

Where Failed:

neat  Statdion ary

" - \ ) = IE 2 it =
\20( wapection of corg' aond sheoth lool \ard
Test # 2 --r Test Setup: 2 [%u A\\ l'_,\-r\ e go&i l; ne. : 1 52 iq"\fjm T@Slf Maximum Force Obtained: \/
[ )-Pre Photo n
[E‘/PU'SH‘h’UtU’ Comments: F_ \ LT e | - o O o Where Failed:
| tles Test 277 All Line 3% -

Time: ¥ 1040 | o o e SYoXionery

\%\a E.loﬂgo&imﬂ wos Not l,_ms'%rmJ bO'l\!anTa(

@/Pre Photo
E/vi Eeo

Time:

1520

Test Setup: \IZ:\ B\u@w&*@r R% R@Sﬁ!}ﬁ- l{r\@ BOS—Q]IRQ_
Strengbn Tesy MBS (1.8 k' SN Solte
Lot 510160 Nellow /block

Maximum Force Obtained:

7H.720kN

Commentst Tile s Tesk 23 BWR3 |2

Where Failed:

near ‘h’&\]@l({ﬁ

bollard




BASECAMP INNOVATIONS LTD.
EMBC Rope Rescue NIF - Equipment Testing 2016
Swiftwater Rescue Systems - Slow Pull Tests

N

pate: (0028

Te;"np: Hac RH: H{Oo/a

Testers: V\N\)‘ CAJ u M

DAQ Speed: S’OO!L ] 2-

Test # Eq Test Setup: | /2“ %\ uewofer B2 Rﬁgi ne Line. BCLS@ [i'f"e/ Maximum Force Obtained:
" Strength Test 2y T8RN
Pre Photo
E/Pe—st—Pho‘to Comments: - % N 5 . Where Failed:
Time:\ﬁde’c‘ ! \\‘e : Tef)-\ﬂ zq & F \ neay "{“Tﬂ\,f{uirf)
%25 bollard
Test # SO Test Setup: | {Z" %\_u@ﬁ()&’(’@r 23 R@SCU\Q | \ne BO&S@\T(\{, Maximum Force Obtained: N
= Py
EF/P e Photo STFM\CJ% Tﬁiﬁ— Qb ﬂ QMS k
Comments: T_- = - ere Failed:
Timm | File=Test 20 BW RS 12 " Near mveu@
%32 | bollard
Test # 8\ Test Setup: 7/“0” B W HQE‘ AN 50576 Lot 1121 &)2“‘ or@,jqa Maximum Force Obtained:
MBs 1.3 kN Knotted Sﬁ{,ﬂﬂ‘“’\ test (figure 8) N \2.2%° kN
E/F're Photo
M/W' Comments: — - 2 ’ 2 7_ (Q k )d, Where Failed:
Time: /190 ENlas Task 8] Bl BR3 -l b Standing port
\BAD enter ina, Knoh
Test # 3@ TestSetup:-T/[bv BV\J HE% HﬂO‘Hﬁd B_i(s_enﬁ_{,h Teé\‘“ Maximum Force Obtained:
lo-0ay kN
EQ/Pre Photo
Gt commentst File Test 2% Bw HR2 T-lip knotted Whe'gij; dina sarh
1857 entering knot™
Test # % Test Setup: —]/((on B‘N HR2 Knotte d Stren ath Test Maximum Force Obtained:
3 R o HIHKN
B/Pre Photo
Comments: > ” ere Failed:
e File: Test 32 BW HR3 7-1b knotked ™58, 4
Ao entering kinot™
Test # SLI TestSetupt 3 /%\ S \[\J %3 SN‘ Ha 3[2 }..O-lL 31 (0 ](OT Maximum Force Obtained:
MBS LN Yellow/black i m :
' Pre Photo Hﬂo ' '{id ST rﬁrﬁrﬁes‘{— jl"a 7 7? k/\/
PostPhato  [Comments: F‘ - ! . - Where Failed:
i 5 lle=Test 34 BW HR3 T-lb knotted T cart
MOLP ' fnter !:j Kinot™
Test # 35 Test Setup: 3 /S I B V‘J RS KﬁO‘H@C\ SJH’@"C}H"\ +{€ SJ[" Maximum Force Obtained:
Mre Photo - lL{_(qu k N
Ve P Comments: |, . - - 2 71 . Where Failed:
i 3 File: Test 35 Bw HRZ T-16 knoted Sfonding part
1910 entering Knot
[




BASECAMP INNOVATIONS LTD.
EMBC Rope Rescue NIF - Equipment Testing 2016

Swiftwater Rescue Systems - Slow Pull Tests

Date: H"o%l%

Temp: ZIGC' RH: Ligcé

Testers: KJM i C AJ H h‘/\

DAQ Speed: S O H 2

Test # 56

?e Photo
v Ieo

Time:

A

=SS BN K3 Folled, Sirength Tesr

Maximum Force Obtained:

12819 kN

Comments: T30 2 {ost 3 BW HR3 -1 Hnotted

Where Failed:
Standin par +
entesing ~Knot

Test # g‘“{

Test Setup: lomm F’[\M \J\JRR l_g‘t' IOE)HCO(OE(’ \’Q\\GW}E{L{@

Maximum Force Obtained:

foemee | MBS OKN Kootteh  Strength Test- |0.653 kN
Time:\ndeo ;n;:.:\n;s\p\ilii— T@E)T 37 FN\| lOf‘ﬂm \NQR Kno‘\"(@q Wheg J:z::dd; lm% :“}CLT_\"
1420 core op};ﬁa.\"ec\ o Lail prior ‘o shead N Enkering knoet
Test # 9\% Test Setup: \ o T PN\‘\ W }C\’R \/\!J(’T\ \{,,c\ Sfr‘eng_{h'reé_r Maximum Force Obtained:
- N
%re Photo ! ‘ ¥ 7 7-3 k
PostPhote- [Comments: ) M i Vi [ | 7] Where Failed:
el (€0 —_— \i!f . T@SJ( 2% P ‘ (OyL y \;’\)F?Jf‘? “ nol'f'fﬁd stand in PGJ +
925" | core” appeored o Lail ericr Yo shaath entering “Kno 1
Test # Sq Test Setup: I B PMl W ER Kﬂ@'}l@d g"’f—ffﬁﬁ/‘ Maximum Force Obtained:
| Test [0.22( kN
E{Pre Photo
St e File Test 39 P 10w WRR rofted [zt ok
s O = DIOCH - i
\92% | core oppear ed 4 Lol prior Yo sheath entering” knot
— L{ ¢ [Testsetup: 5'/" L" Eﬁpﬁ ¥ R o LKV\\‘L Kn otte C\\ S trength Maximum Force Obtained:
Yellow/red mas \4.2k/V Test Y 10. LI TkN
gfre photo | LASLI2S-10T9 ocder 180l 3
Comments: —— = e e = . : Where Failed:
— ides File : Test Ho Esprit 5-lb knofted i N
1934 entert NS, knot™
Test # L\\ Test Setup: E:/( ({?“ Eﬁpf;i‘ RI\]Qr L(M Hho_h%d \S-f'f—gi?jﬁ' Maximum Force Obtained:
s | Test q . HSSKN
E;:w:v;ggéoe Comments: F‘\ [e . T{fé’# L‘{\ - S?F-f ]_', i, {(0 kno%ed Wherglj\:iI(n;:i}:qdl_‘n i {‘
\943% {’/ﬂf'&’!'rg Enot
Test # L\r) Test Setup: 5 /l(On ESFT ,{_\_' R?\/w@j’ Lg ne. KhO'H"’ed S-t-rfﬁﬁl Maximum Force Obtained:
Test O,0\% kN
!E/Pre Photo
[ PostPh Comments: {—- | - Bt b e ) s Where Failed:
Time:\’" 7o) F\ \e - @S’\' HZ E/Frs | - “0 knO"f@d S‘k&nd\j\ﬂq a_r'l/
|QH{ enter NG, “knotr




BASECAMP INNOVATIONS LTD.
EMBC Rope Rescue NIF - Equipment Testing 2016
Swiftwater Rescue Systems - Slow Pull Tests

Date: ‘ (OO%\%

Temp: Q‘GC RH: LIO% ‘

Testers: K N\. CAJ L\M

DAQ Speed: 500 Hz

Maximum Force Obtained:

résw HB Testsetup: 77 [11," CMC River Rescue \iu ¢, Knotted
v Strengin Test Vellow/plue MBS 10.5KN 1%, RIZKN
Pre Photo
f{: W Comments: -F;\ \ e\ (’f;\ ¥ L\S CIMQ 7_, }(O ERR m OﬁﬁC\ Wher; r%-,:;c;} dmg Fmr-\’
] | pateriag Hnot
Test # L-\L\ Test Setup: 7/{(9“ CN\ C, RI\]QF QESCU o *\dth L\r"@ _H {,/_\ Maximum Force Obtained:
g//pephm %“rr:m’wc\n‘ Yest 5, Q0HEN
f Comments: L - K Where Failed:
T, VA OO Files Test YH aMC T-16RRR Hnoffed SJfafndm Fm/k
15| entering 3
Test # L\ 5 Test Setup: -7/ ! (D“ CM C E]aj€r QEE,C[,{ e E P{e H}/]Oﬂ'ed Maximum Force Obtained:
| (E(Pre Phato 8+r{/¥q5Lh 765'[" [ 7 ' g 7 2 k N
Voestyss [ FleTest 08 OMC 116 RRR roled (2t oy
[qgg entering” kot
 |Test # l—\ (O Test Setup: -7/1(&1l BV\! Qure Glr‘-P Kno—%{ed Sﬁ@ﬂjﬁ" Tes_t Maximum Force Obtained:
» Vellowfred MBS 15.1 kN ' M. Has kN
re Photo e
E/JPos%Phege Comments: F‘le —Ye5+ !"169 BW DUTC elg 59 71 - b H;m-&q* Where Failed: | =
Tme ' | Dot - 14,0810 Temp: 16°C RH: W57, Tocters:ki, CA M | S'0141ng fa:r
OQO"\ DAQ SPeed: S00HZ grirering Knol
Test ¥ Ll 7 Test Setup: _/ /((D” L\f\) SU\TQ q i P HV‘?O .h{ ({ + 87 j‘hﬂ 11”_3\" Maximum Force Obtainej:
@/PrePhoto {3 BBbk!\/
hoepe [ Cile s TEST 4T BW Sure Grip e Pokd W;f;:j I
o Enterivig krwoJr
Test # ]_/\% Tesk Satup: 7/\ (Ol‘ 6 W Surﬁ GJ_ rip ‘!("n O‘ij’d S‘.}?ﬁfg,{;ﬂ "3"&1' Maximum Force Obtained:
@éréPhoto | 1-{236‘51\)
Post-Phote  |Comments: . . 4 S Te ';i in T- 7 Where Failed:
o UNReS Frle: Test MR BW Sure Grin T-1b Knotted bl L
A entering ~ g ot

Woderline Knotted Strength

Test Setup: ([E S"\—QV n
& WIZTOAHEe HE-OTI3HIRG

Test  Ped/Vello
N\BS 75. ok N

Maximum Force Obtained:

21.85H kN

Comments: p\\ﬁ' T{S“’ L[q S'\’Q(UOS 1-2 w&i'\.“*?.f ]iﬂﬁ knoﬁd

Where Failed: )
Standin q PO t

near knot




BASECAMP INNOVATIONS LTD.
EMBC Rope Rescue NIF - Equipment Testing 2016
Swiftwater Rescue Systems - Slow Pull Tests

Date: ‘ @6% H

remp:_ 15 "C rui SH 7o

LM , CA, HM

Testers:_/

DAQ Speed: 500 Hz

Maximum Force Obtained:

est Setup: y _Q
Test # SO Testaskip: RO e 0s bﬂ\b(&
' 21993kN
m/ re Photo —
omments: | - v Mnad = - | : ‘Ne l Where Failed: )
Timm ¢ * \’\\Q AN 50 g#@f\\(ﬂ& -2 Woder line #J“&éﬂ g%aﬁd\.in %O\,_j‘,
oL near Fro t

Test # 6‘
E/Pre Photo

Test Setup: EO i)e, % be’go TQJ

)

Maximum Force Obtained:

21, 1% 1kN

Eﬂ)re Photo
B/ \11360

Time:

043

\’QHW /Omr\-qe SN 20242 Lot (p2016% MEK 22.2

omments: 7 - . Y - K Atecline Yasto Where Failed: | _ ;
?nfm Comments: L\, « Test 5l Sfes\mﬁ -2 Wattesline Kpotted Staunding FQH/
625 near “#Enot
ren 57 [ |2 Bluewoter 1RS Vrotted Strength Test . [MeimemFore ousine

71.950 kN

Comments: F}"}‘g p TCS+ 57 EW ¥ -2 kﬂO(H@d

Where Failed: ) ’{
sYondin g pait

neas kaok

Test # 55
m/Pre Photo

Test Setup: EO?Q O\(g \De {\O fﬁ

Maximum Force Obtained:

10.I4kN

Where Failed:

PostRhote Comments: = ) . 2 ’;g ':i B 1},\\}; F% r; f_, i ' \¢ h”t{"’: ) |
Time: NAGRD Fiie TC@!’ o S‘hlﬂdWB P{‘i'
25 neay ~ Knot

Test# | M e be Lore Maximum Force Obtained:
5 \ QOP@ as DE {9} & ] s N/
CI, 255k
?e Photo
RostRhote- |Comments 1|0 - Toct 54 RW HP3 \-2 knottec Where Falled:
Time?“de’g File .TC t54 B HR3 72 knc _{Jf{ Si’cmdrrg FOVJ(_
0933 near Kno

Test # SS
E/Pre Photo

Posthato
V1420

Time:

A2

Test Setup: 3/61‘ AU Llrﬂ{’, Hno‘ﬂ’gd 5—\"(@’,—\9%’@ T;;:Jr
Yellow/red wsL12s-1679 Order 19415,

Maximum Force Obtained:

|0, 205kN

Comments: FHQ,; T’ea,\/ 55 f\u Liné. %—8 l{n{}ﬁﬁd

Where Failed: .
standing part
near Knot

Test # 5(0

ﬁPre Photo
A postPhoto

Time: V14 €0

94

Test Setup: ROP‘@ 045 ‘b@ ‘CQ re

Maximum Force Obtained:

[0.9H0kN

Comments: F{l@:T@S{' 5(0 RH L&m{/ 3-% kﬂO'Ht’id

Where Failed:

<ton din

rt
Tt kit




BASECAMP INNOVATIONS LTD.
EMBC Rope Rescue NIF - Equipment Testing 2016

Swiftwater Rescue Systems - Slow Pull Tests

Date: \(0081 61

- o, 1)ef
Temp: 42 C ru: ";f}fia
Testers: M, CA, HM

DAQ Speed: 500 HZ—

Test # 5—'{
[‘B/Pre Photo

Pest-Photo
?; V{dt’o
f"\

Test Setup: Qc?g 05_ ?Qe’(f\ore/

Maximum Force Obtained:

H25EN

Line 3-% Hno%ed

Comments: )0 1 Test 57 All Whe'”i':% (4,{, ort
neoai” ki wt

Test # 5%

Test Setup: \/2\‘ %W RS QQ)C_U% L !ﬁ@«HnG-hLed STr@YqH”
Test > 11 “ e

Maximum Force Obtained:

1. 233EN

g/Pre Photo "7. ¢ /
PostPhote- |[Comments: - Where Falled
Time: -U;‘C\EO : Te 5{/ S % EV\/ Rg l Z— f) iﬁuﬂ fnﬂ i—‘é) i “‘/
OBl near™ knot
Test # 5? Test Setup: ?DJPQ_, Q& b Q‘L\TO Y_Q Maximum Force Obtamfd
B/PrePhoto 1(0265){[\/
PostPhote. |Comments: T - . | _ Where Failed:
oA near khot
Test # Q)O TSt et R e oS b@ l?f) 0 Maximum Force Obtained: '
E{P Photo Cio 20" L{%q Lj‘f\l
% Comments: F, 1<; )T@S—k’ (OO BW ES 1"2. Wheref;i{tf;;d_ §+
L Max Sorce ~HEN qreater than previcus Yests 3 pa
1003 = neas Knot

Test # (ﬂ I
E/Pre Photo

Test Setup:

Ro?eihr/l(ﬁ” BW HR3 BW3W Smm Titan Prusik

Maximum Force Obtained:

Q933 kN

['E(l:re Photo
S/,vE. K g0

Time

was'k om "C'PC

Comments: T_7 - = Where Failed: . .

Tim% Fl ez Test (D[ ?DFG > —Tl"\"?\n S F‘m’lecr ot fermination

\\L.\L( 'FFUS\ K Selijfi{id n, a aj nhol S i'fj’:*, Knot,
Test # 6 Z Test Setup: 7/{ (" 5 W H ;f:i E‘i‘\f@) 2 W 5mm Titan PrUSiK Maximum Force Obtained:

ee legend Q.70TKN

@/Pre Photo / S xg '
M/Pasz% Comments: F i ’6: TeSi' (02— RO ‘P{?’ i T ;\.{,mn gmm Where Failed: Q l
Time; . ol b o T | O -1

202 [ Tried test: mepg sl ipped in bo lards no Wwie
Test # @% RestSemp; Z@ m—sf—f T ost (OZ— with smie. Maximum Force Obtained:

. F1kN

Commenls? \() T@‘Lk CQ“‘ R _;?_, I

Where Failed:
rrusik E:amd" ed
| Luo

rgczé' 1A




BASECAMP INNOVATIONS LTD.
EMBC Rope Rescue NIF - Equipment Testing 2016

Swiftwater Rescue Systems - Slow Pull Tests

Date: [30 ?S ,q
Temp: Z-QaC/ RH: 5_’(0/,
Testers: KM/ CA ) HI\A

DAQ Speéd: > o0 HZ
Test # Test Setup: R e i C M(/ @W A Maximum Force Oljta,i?fd:
- o T | 1 ASTEN
Pre Photo
@/Igost Photg”  |Comments: F1 [@ TQST (DH E e ; e (' A~ Where Failed: ]
me V1O Or rusti \:l‘ (/ﬁ(%\
' \S\O gwb_sequum @\\PS gt ™ ©s ";j(/\f r@gr'PP! ﬁQ——»gkN P \ PP

Test # (05'
?re Photo
\.r'\gQO

Time:

21l

Test Setup: \?OPQ’;]' CN\C _Tmm

Maximum Force Obtained:

q.c00kN

Comments: F{ Teﬁ‘k (06 RCP"’ cme /{mu,
qi,i»*\‘aﬂgtl% S =)\ PS o ~ r S kN

Where Failed:

Pf u;ik z\ipp{f(\

é‘ée Photo
Post-Photo”

video

Test # @D Test Setup: ?O'P Q, T \J(Of(\ ;5 N Maximum Force Obtained:
o, 12.38kN
JS{/I-"re Photo
PestPhete- |Comments: Where Failed:
Time: \‘1\6\20 Fl 65’\’ (Dl@ PO’}E’/ 2 ! [+aﬂ 5WU1/\ ?T’USIL‘( P\nChed
&5 fope 10 fwo
Test # @“’I esLaEmg: ROEDC ‘2 cMmC lonn Maximum Force Obtained:

a.91kN

Comments: F‘ l@ > T@Sj\" LO—‘( ROPQ, :{i cmC GW\W\

Where Failed: Pr us| k 5‘9’{“@:{ m

Time: ‘3) heath at 991 w’N
{529 = oo !ac\ col pkN

Test # @% Test Setup: RO e 2 cm C 7ME'V\ Maximum Force Obtauneg

. i 10. 2T3kN
P oto

E/e p Comments: o = 4 . Where Failed: 7 1S1) SQ‘H’ ed -

Y tdeD File: Test (B Rope 2 cmC Townn TR oot S Todaom
VB alﬁ‘j core a¥ 7N

Test# (Dq
Yot o
o

Test Setup: ROP@ 3 ‘r‘l—*m SVV‘-‘W\

Maxlmum Force Obtained:

|2. 843 kN

comments: T=i\e 2 T2st (A Ropa 2 THan Shens

Where Failed:

E{/Pre Photo

PUS‘t’PI‘TO‘tU’“ Cmmments:F-\Le . TQS\’ 10 FO(’(/) E) cme Vﬁm.w\

should read (o

PRost-Phote-
Time: ¥ 14 €0 Pmsmk mched
1233 [epe m fwo
Test # ..-i O Test Setup: QOP@ 3 C m C/ bhq oA Maximum Force Obtained:

| TI5KN

Where Failed:

Stonds g T

Cirst 5“_??&3&!\!7,5‘4]\‘, second ”CIRN)‘HTWCK ~ JOB

| Cke T\ﬂg hitran




BASECAMP INNOVATIONS LTD.
EMBC Rope Rescue NIF - Equipment Testing 2016

Swiftwater Rescue Systems - Slow Pull Tests

Date: MOOglq

Temp: Zloc RH: SH%
Testers: KM: CAJ HM
DAQ Speed: SOOHZ‘

Test # ’} ’

Mre Photo

Nronsg

Time:
(3T

Test Setup: ROP& 32 Cj’hc T~

Maximum Force Obtained:

12.150 N

Comments' Eile z Test T\ Rope © omC  Imwnn

'miﬂ{)j S-!;P ’“’laé\fhjﬁ]ﬂ@f\ NIO]"J\{

Where fFailed:

standing ropl

@m—eﬁr{é hitch

Test # "[1
E/P e Photo
m/n;smm

e Rope X Tiwn Bme

Maximum Force Obtained:

S HITKN

Comments: FH‘C: T@S’\# "l Z ?OPQ }..\ T’l«i'ajr; S&mun

Where Failed:

A A 2O " g, rusik slipped
Test# 7 3 Test Setup: ROFQ L‘ oM (:/ é) - Maximum Force ObtainedN
Ii“(l?re Photo’ 'Yegjr:! 5 g ! (DH 5 k
?r:e: tvete (ommenst 1o Rope 1 emc e ST Whe;;ﬂe;:i k slipped

1357 [fist s n3.6kN, ther™MEN, then ~H.GEN, then SpN |

Test # F'[L\

g//Pé Photo
POst Phete-~

Time:Viéeo
Aol

Test Setup: ROP@ H CmC/ "1 A
Test 1M

Maximum Force Obtained:

(. 130N

Comments: F”% ;/\Eopg/ L\ Cmc '/[mm ]/{;‘('j 3
st ~U3RN then ~HNENHTRNMS.2-6.2

Where Failed:

PTquk 3 [\Ppgd

Test # ‘T 5
S{ re Photo

Test Setup: ROPQ S T']“i’a/m SMAV\
et 15

Maximum Force Obtained:

(3. HOM kN

Comments: F;l_e:/\ROrPe 5 TT'\'OVY'] gVM/VV’\

Where Failed:
double Cisherman
pulled end though

@(Pre Photo

Q}/ PostP|

Time: M\
4%

(0

F:s ’{Ef ".../\\_‘(’/:G ;’:&éf, Q?‘ cmncC /ﬁ nruna
first shp NOESH‘\],V"’H.,SL'N

Test Setup: " il _ Maximum Force Obtained:
‘ : 0 A s
Rope 5 ¢mc On 094 kN
“est 10
Comments: Where Failed:

Pewsik silpped Huite Fhan
P:-n_(;@ @ pe twp

Test # '—{ "(

g/}e Photo
v E(L%

Time:

\H2 |

Test Setup: ROPQ/ S’ Cmc ‘7mM

Test 17

Maximum Force Obtained:

[2.963kN

Comments:

File’-AECP@ 5 cmC Tmm

Where Failed: B B
Erusik slipped fwice

[}
i PopPao. Gn Reiiv

- 1 2L K
v | L e SN




BASECAMP INNOVATIONS LTD.
EMBC Rope Rescue NIF - Equipment Testing 2016

Swiftwater Rescue Systems - Slow Pull Tests

Date: | (003 QO

temp:. L2°C mu: X7 L.

Testers: KM; C}l\; H M\

£O0|
DAQ Speed: S00Hz

Test # -1 %
\‘E/P,re Photo

-Post-F'hoto-
o W 0£0

123

Tim

Test Setup: ROPez (0 T ",{,wﬂ EVHW\

Maximum Force Obtained:

1. ,23kN

Comments: F‘l \6 .a/\RO 6/ (9 T\"}’@_ Smrﬂ

Tesk 1]

Where Failed:

rusi £ pinched

Test # "’ q
IE/ e Photo

Test Setup: IQOP( 6 Cmo CO pAnA

Maximum Force Obtained:

7. T8HkN

Comments: rh l‘e OP? /D cmC fg
Tesk ]G continued shnmq@ od' N3, 5I<N

Where Failed: > rusi k-
slipped o
mox First

Test # %)

Fﬂﬂ’r Photo
B sl

Test Setup: P\@PC (D CYY“‘C wﬂ(v\/\m

Maximum Force Obtained:

R NOkN

Where Failed:

gros

Time

VYU

wnitiod ShP ‘2 ‘HLN f-rubiu" et vﬁ' 7,{'_1\} Fé- Uf'bSﬁ‘i"

sighaio - [cemments (g - Tosk 30 Rope o CMC [wam sk S ‘FM(\
Time: § : e ’ S
M3 continued o shp ~H.5- ﬂé: N H-mef jarc,e
est Setu Maximum Force Obtaine
Test # %\ Test Setup: ROP& 7 "r‘ &ﬂ SW‘M\ \2 51_,[ k N
y’e Photo COmmenB;F-[ - T %\ E -I T'+ S Where Failed: v d OP
Pﬁﬁf‘ﬁ‘gﬂ@m e lest ope TN Sunin double - tial !P’fm
Tlme /1 )
\HW3 pulk f’fd \“\nmm N
Test# %2 Tastrate; QG%’)@ 7 Cm C {if: PunA Maxlm%\ Fo;::( %bgn;: N
@/P e Photo
m/ Comments: i}x K _@ Qj TF\’:} e E Yw(- rn{ I Where Falled

Test # %%
Eﬂ’re Photo
. viEEO

Time:

(H52.

Test Setup: \ZO{DQ_—Z CHiG Tmm

Maximum Force Obtained:

|3. 46 kN

emmer File s Test 85 Rope T ¢mC Toam

Where Failed: *’Ore < heO\"’%
at (xa‘,l/\

Test # %l,\
\E(Pre Photo

E Post-Pheto:
Time: Vldw
IS5

Test Setup: ROP@« % Ti"((}vﬂ E mm

Maximum Force Obtained:

2HQkN

C - =~ T -
omments: \Q TQ c,.}, 4@ L‘ ‘2‘::,),&“ O l{ 1 ‘%’am ‘g Minn
¥

Where Failed: _\, CR‘: l

D uwlled

’r\r\ro%h ‘tﬂ{:.\g Cishefvos




BASECAMP INNOVATIONS LTD.
EMBC Rope Rescue NIF - Equipment Testing 2016

Swiftwater Rescue Systems - Slow Pull Tests

Date: \(008 JC]

Temp: Zfac RH: 2%

Testers: ,4 N\/ CA; H M

B
DAQ Speed: -—JCOH Z-

Test # %%

lﬁ/P e Photo
B/ Photo
\l‘\K‘dQ

Test Setup: QQ Pe % cMce ( L mvn

Maximum Force Obtained:

. IS6EN

Comments:\:—”&.‘. TQSJ" %’5 E‘OF& A cmce (DV\.-‘\“»\!'\.

Where Failed:

Prusik S!FDFG’C{

Tin{% £O Subsequent ships ~5.5-7Tk N
Test# (G Test Setup: EO e % Cmc/ 7}'\/\/\/1/‘\ Maximum Force Obtained:
| Bl ¥ 12 23BN
MPre Photo . . ) ‘
Viees | FilewTest 36 Kope § cmc Tmwe [ Frmljd:sik slipped
1825 cubsequent slips b -38-5KN P

 |Test# %_(
Y

Test Setup: ROPe C‘ TH’O‘JQ SW\-\'?\

Maximum Force Obtained:

(.94 EN

- 'Pre Photo ‘
M?Post-PhG%O' Comments: —- | » » £ : _ a T E Where Failed:
- |Time: \I‘{d@O | r‘ le ’ T 5-\' % _{ \aope . T ‘-(ia«”} SM‘-W‘A 5 hgojr}“ “C\&_ !ef{ W(’l&ef
1535 prug k

Test # %%
MPre Photo

cmcC . f{j BANA

Test Setup: ROF’ e q

Maximum Force Obtained:

5.120kN

Where Failed:

FostPhote: [Comments: 0 | o - | oot @ % Reope 4 cmc (omna
AV 7S &l > *9 prusik slipped]
15239

Test # %q
m/Pr Photo
Bﬁét Phote~

Time: \f\d&O '
1513

Test Setup: ROPC q CW\C YWW\

Maximum Force Obtained:

5.508kN

commensitile s Test 99 '\QOPe, q ecme T
kol 'BE‘?P ~5 bk N, subseguent wf«g,H kN

Where Failed:

Prusﬁk 51£p.ped\

:_:;t # OJO
m}re Photo

PestPhoto-
video

Time:

|55 |

Test Setup: e'"“c’) TI +a/ﬂ Smyw
Bovor i Rope usd was cmc SRT Thawlie %74

Maximum Force Obtained:

- 10-295kN

Comments: Fl \e -. Tes‘!, qo E{};}a ,{,) -'{‘ 'u {'Qm 5wm
ndio) slip ~TkN ~%.5kN

Where Failed:

Sheath failed

|Test # q \
A Pre Photo

Pmt-?-hetev
Time: Video

|555

Test Setup: 2&‘—}‘13 27_{ @ - 7(3 J_Q_{‘:_(@ YVUAA
Eroc Roém VSed was CMe ¢ RT Thowling 2/¢"

Maximum Force Obtained:

AU LN

Comments: F;\\ e.- ‘["65,‘, C\\ EOPQ lC) cMcC CQw‘H’V‘i

Where Failed:

Yneoth foiled

initio) sli~ GkN ~7-3kN




BASECAMP INNOVATIONS LTD.
EMBC Rope Rescue NIF - Equipment Testing 2016
Swiftwater Rescue Systems - Slow Pull Tests

Date: 1608 !CI
Temp: 22>°C  RH:_2\%
Testers: HM/ CA; HM

DAQ Speed: SO0Hz

Test # q a

Test Setup:

mc. mm

000 10pe Veed was CMC SRT 8" Thawkin

Maximum Force Obtained:

2.909kN

TQ(P e Photo
0

Time: Video

1559

emmes: File~ Test a2 -Rope 10 cMC Tmm
initialsip ~ 7-SkN "

o~

Where Failed:

Shenth ot prusik

Maximum Force Obtained:

Teth @3 T‘*ES‘“”W (v3" BW P\B) lj.’ BW Sam Titan Prugik
ope 0 L7 16,373
, WN
B/Pre Photo ,
&/ Post Ph Comments: . " B} Where Failed: ;
Tim:St ata QUG‘-\{ Fuiled C*JI' Pzl en-%'-r/ (.S»T’D no{mj Pcr-"l’} S (u;f;"n_s Pﬁ(‘#’ 6{?‘@“5'\”_{
b poogi

Test # q L«,
[Z(Pre Photo

Test Setup:

R "'\'1 -3
(Va" BW R3) 3 CMC bmm Prcilt

@ouf.-mo

Maximum Force Obtained:

| D177 WN

[/ Post Photo

Time:

Comments:

Craath failed after Prugik satfled - 5 then  core fuiledd

Where Failed:

Sheath Fuiled , Hhon core

1 62351 ot 210 kN
Test # "l i (l n BL/ R'}; s O 7mm pf?ﬁiﬁ'é,( Maximum Force Obtained:
0pe 10 (/2 J

e 31D kN
[]/Pre Photo
[VPost Photo  |Comments: ‘ Where Failed: )
rme: | heg | Sheath faitedd ab 233N, Hhuo coce at = @ LN ;mg{:ﬁnﬁ pock ecteri

‘ el i

Test # q 6
B/Pre Photo

Test Setup:

Kaothed

- 1
e T‘h{\j%’!e‘“i ﬁ-‘f‘ffi"«'f,f'!\a 7/!(7

Maximum Force Obtained:

5.336 KN

Post Photo

Time:

1916

Comments:

Rlc# Qb“_uﬂ&“éﬁ”?ég

—

Where Failed:

Sh*"d"";g tocﬂ eri-enng {;5 7

Test # ﬁ?

TestSetup:(lw\E ’_\G%e_ nsS GIG / 6!’*“"1 C M pf‘:;“;’:L‘{»

Maximum Force Obtained:

3 .99\ LN
[\/ Pre Photo
E}/Post Photo |Comments: + ) Where Failed:
ime: 10/ q 7 :  con il o S0 i i -
Time: 9. 2) S) wﬂdm 19 kN, then co 313,.]‘&‘} P | b kN Prusik _5!5!?‘9@(,{
Test # ; Test Setup: i Maximum Force Obtained:
q% Sﬂ"""\-&. foe& as Cjbj 7?“"\“"" CMC E‘f“z;g‘k So7cfc] L/?\‘
[\)/Pre Photo
J]/Post Photo Comments: Where Failed: .
Time: 1925 Sh??ﬂ:‘ k‘-fﬁ c«f g.%k“,ti’tgﬁa 3“'@5‘147 6)/ 2 -3, A kN P(vgg U 3\\??@(‘{




BASECAMP INNOVATIONS LTD.
EMBC Rope Rescue NIF - Equipment Testing 2016
Swiftwater Rescue Systems - Slow Pull Tests

Date: /ﬁn/ﬁ g, 2016

Temp: A3 G.C' RH: 30%;

Testers: CA J UH

B/Pre Photo

DAQ Speed: CLO fz
Test Setup: - N Maximum Force Obtained:
el L BW swe Ceip 3/% , knolted (Fy %) % 4O KN
E]/Pre Photo n
B{Post Photo C‘"'""‘E’“tS: , Where;_aa?ed: (e Aoyt G +Ra
o Pailed at bnot Standing porT” & 790
193
Test Setup: Maximum Force Obtained:
00 Samy (0pe as 99 ; bmm CMC Prusik (3"‘/5 & 14 q kN
B/Pre Photo A
E/Post Photo Comments: . Where Failed:
Time: Prusile 17 clippd o LN, Hhen of & 2. A-2.% kN sk sliped
19224
Test # Test Setup: ; P : Maximum Force Obtained:
® 10| SOwme 0pe as ¥99;, T mm CHC P(US‘VCsW) b S kN
E{Pre Photo
[/ Post Photo  |Comments: ‘ _ Where Failed:
. - + kN Lo
Time: 9. 28| Prvsik M shpped aT 6.5 W, Yen T 273.5 Prusil gl,iio(;@c{‘
Test Setup: I Maximum Force Obtained:
T 0A | ce Thowline NFPA 3/9 Wnoted 10,113 kN
E/Pre Photo
/Paost Photo ~ |Comments: ‘ Where Fa‘iled: ) -
Time: kmﬂ' {:mil"n“cr\ '{-a: V‘“{ @ 5’5’“'*61"*“5 !{Iaff‘-vf T av'¢
19:4%
Test Setup: a2 - i -\ Maxi F Obtained:
Test # o es él;zl " M t«‘ Ph—« T h(’(;‘ Wiﬁ"{ ?/ %}? 6-;rﬁ o ng k aximum Force ine:

3656 LN

anyd B whaps aownd bollad =7 throush sheath

B/ Post Photo Comments: Where Failed: |
Time: 1§47 e P(Us)' \/\ S I{ {"’f{C‘
Test Setup: y | Maximum Force Obtained:
TEsER ‘Ol'l CM(/ M]:PA' T\')(Oh/],i\f\p_ 2/% ; OQQ—C\WN Q'h]ﬂﬂg’}'l\ ' q lO‘*HAN
g//l?re Photo
Post Photo  |Comments: ) [ \ Where Failed:
Y ufc’[ nguven 001
19254 Nole . ©pewas begr pvlied Ywygh cleat Jurd
"l;est # Test Setup: Maximum Force Obtained:
105" | - -
Y’e?ﬂaﬁ o Oﬂ 1.5 79 UN
E’Pre Photo
[],Post Photo  |Comments: ‘ . 2, ) Where Failed: .
Y i rope ends &)ui\pcl‘ %hfou\% .5{‘0‘35{/ linots | c|«€f>\ﬁ'§/ Core Sl*[’ﬁ’a-d {hmt{f}h

sheocth




BASECAMP INNOVATIONS LTD.
EMBC Rope Rescue NIF - Equipment Testing 2016
Swiftwater Rescue Systems - Slow Pull Tests

Date: A_Vj !qf ?\Oié

Temp: T’l ’ RH: 29 6’7"’
Testers: C*;’ KM‘

' <D H
DAQ Speed: GO0 h2

Testsewr: - ¢ Thowline Redi~Lme 7/16"

Maximum Force Obtained:

[ Post Photo

Time:

Test # o
106 Srensth Tes) 12.9577 kN

@/ Pre Photo
[J Post Photo ~ |Comments: Wlfre Faile!d: o (1
Time: | q:0 [’) _ | favel Mg nollasa

Test Setup: 4 Maximum Force Obtained:
Test # \ 07 7 T

' 3 C w e h H g&“’i‘

@/Pre Photo (\/6 “UW ] pi)
o Post Photo |Comments: i Where Failed:
mme: 19,19, | — Stokonar ybollﬂrc'
Test # Test Setup: Maximum Force Obtained:
] Pre Photo
[ ] Post Photo Comments: Where Failed:
Time:
Test # Test Setup: Maximum Force Obtained:
] Pre Photo
] Post Photo Comments: Where Failed:
Time:
Test # Test Setup: Maximum Force Obtained:
(] Pre Photo
[] Post Photo |Comments: Where Failed:
Time:
Test # Test Setup: Maximum Force Obtained:
| Pre Photo
[ PostPhoto |Comments: Where Failed:
Time:
Test # Test Setup: Maximum Force Obtained:
| Pre Photo

Comments: Where Failed:




Boat Drug Force Test Sefnt 2, 2014

Teskr | rus{oit ge)
Dirk Doreabps | QRN o

Chrss Armchong ( |.SkN
Ehandrima  Lavae| O.7TkN
Heother Nl\‘:}an

Haalon 0.9kN
Kiek Mavthagr
LoU Coll et
Obpclves:  reaswe draq Jore ot vorigue st Mweler recere etk

under vatious loads aed Wa‘(-ff SF-(GO!Q.

i"*‘} H\?J”Lﬂsv rlcﬂma[g oibchact
- Use Thuadefiet, re;g'é:f%, }ma‘i (Nelsgn <};PD} with T win E‘JUM

Frlled with boom on Port side | RE Enforter Load relic

N measwe hosle
\ " s PQQJ Jveloc't )/ moocurement . Swotler mode| 2100
“ S GRS CPSID -
3¢ 410kl 7

« walgrmlfTs l, H}/sxolp, cotamft - "l’
5 ’ﬂib"nf/y 98 olf be 5 (o3t Aire
3. Qceanid RDC Cmfﬂ’ ool oo dt)
4. Aire ' E-Senee
g Aue | OceleT
b. N W@ Ofe(



oS

N\(“é‘i(ﬁ'\‘

.

Varwoles:,

Test bew waﬂ.f\t?(‘\f sYerN jfﬂc‘[{(“J and in P\Gne,

f

{ Mass rI won+ '+ \/ . AU if-.ij iR

N S= ¥

[Mater yelodit [

(10kn) [Lh _ fO"GOOWl): 7% s

O Colibroted swoffer 2100 s

I 30005 | Ok~

Vv

pef monwso o s
" Quick Cf;sem%"irwg Tostructions,

swoller wafs
GF> P59
Sovekles reacquisition soeed s listed
e wonded  os  <1s

Vgl



@PS Yo Swotler ca
EPS(kmll) (s woRler £
g /5 IQW\//')
e gl
1.3 |7.04 | 7.3
0.8 |Z2.00 |7. 2
0.4 1.9 | .93
¥ dr‘-r%ec{ @- 7 | 2 oo(
Boat T?’{M =7 Mags — si;gg,,] f?ps{%\‘on
Tribuéro\r\/ -O0TkN - 4B km [N~ contre
qugkm/j% ‘Dow
o : . Skmlh stern
e 3 »c,e-rz{-’re.
7 aO bOU\)
| b sk |
KL 9.4 Cenise
10.3 bow
g4 Sfern

(/5 g@(f’ﬂrlg worth )

(faqﬁef W --(})

| 0.0B-0,04

| 0.03-0.®

G.05-0.09

B0 =018
G.3[-0.4
0.7-03e
0,.26-0.30
0.89 -0MHs

.O“("Z‘Ojo



Pheto Timne SI’QM,E

Boo&'l(\ife N\oss (}(N) Speed(gm/h} Rsition | Yorce (S’olg ove ! 55)
Tr'\buim\, .o 50 centse | 0.05 -O.]|
’ bow O.07- 0.\
g sYern Sl-0.18
70 leontre | ©.12-0 .Y
1.0 bow 6 -0
1.4 stern 29-0,3
10 cenkre. o H8-O.5H
(O bew yosedive(mox 141
e how. nosec\i\ﬂ&[mca)( L5,
0.0 bowy 0%.8 04/
nosedive. at .17
USUN SR SRR 1 10.0 |stern 1 0AT-[.03
earid 0.7 5.3 Jcete | 0.03-C0s
ReC §.2-S% | bow 000,13
S B | 1.5 stk |0.03-0.05
7.\ centre. | O.21 - 0.24
1.0 bow O30, 27
1.0 | sten | 0.0R-O.LL
9.9 contre | 0.Hp-0.52
10.0° 1 bow ERUELRS
R I 0 | stern | QJ%-0.20
\.b b P14 Coxvire. 0.04 -0,0%
W5 bow 0,03 -C.13
- ,1 L(q | sternn O.04- 0,06
do | centge L 0,277 -0.33
P’[ . Q) \.D'C.\L»\.) O ?3% 6 t:”‘
13 | Sheca |0.10-042
(0.} \Cer\jcfi 0. 77-033



Rt Type | Mass(a) Speed ()] s rsitn | Fosce (averoge v KN
xorid [ V.o [10.] | bow | V\MT-Lgy -
RDC 110.0 | skern [0.33 -04R
ARE 10,7 By Crtre | 0.00 - 0.02
£.0 bow 0.08 -0,05 .
WA | stern [0.00 - 0.05
7.1 cevare O*OL\ - 0.05
éug hcm) OQG‘K "Oul\
7. stern 0.06 -0O,08
1 0.1 Cantre | 0,22-0.29
qs{ (bou\) Q.3 ~027
0.0 | Shern |G, R-0.U2
\.b | 4.0 | centre | 0.00-0.02
W5 | pow 0.0 -0 O
W5 | stern [0.0\-0.0%
1.0 | centre {0,050
1.3 | bow 0.3-0\
1.0 | st [0 12-0O007
9 | centre [ 0.35-0.40
1.6 | bew |GU5 ~0. 50
10.] | how  [OMHT-0.45
10,6 | stern | 0.03-0.7(
ot A | centre | 0-01- 0.02
5.0 bow) 0.02 -0.07
5.2 Stern 0.C2-0.08
6 ntre 0.08-¢.
6.3 | bow 0.7 -0.2
1.0 stern o\ 1 -0.23
> 0.1 lC&n’(fQQ- 0-25 -6.3]




Reot T e Mass (kN) ’SF&C\(MA rmﬁs J"ZOSi‘\\’-\OY}: Force ( kN, It aggse) ovel
ARE v | 1O | pow  [6.57 - 0.63
A9 |stern | 0.84- 0.99
HYS\(\Q— 0.7 53 |contre |0.00-0.05
0A |cenmtre |0.03-0.67
0.\ |centre [0 - 0.23
W (FRe® 0,07 -0
1.7 1589 | 6.21~0.29
0 .C _:4.\’._.;_\.‘_,'_&3._: (.95 ~0.39
b 1.3 Jcendre | 0G4~ 03
10.2 | contr@ | 0.29-0.3¢
MNRE |
M opelt [ 0.1 |5\ |centre | 0.02 -0.04
&1O| contre O 0% -0.\0
19 cemtre |0.15-0.20
|.o U.T | cent®lar| O.0S -0.08
H\ 1.0 C*”r\{&;?/reof ﬂ j@ 0.13
0.1 lantie/reac 33-8.3,
NRS e | A9 fcenvee [0 54 - 0.0
7 Ofer 1.0 C(’(\Js'ﬁ_ 6.08 - 0.J)
O(\\‘%\ l "’?Y«;. C‘)c,gZ\O‘SS
1O oU G B 0,5
105 ijem Vo) - |“§U7
0% | how O.\7~0.2]
O stern [© f‘ O,25
SO [t [0.0T7-0.]
Rt | bow l@oto 0.\




Northuater | kM S{)??,(\ o Force(p Tyt g)@f
Rescue PR | 0.7 A0\ 6.22 -0.29
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