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ZONE 3 ROPE MANUAL

Highline Systems
Highline systems:

· Highline systems are rope systems that allow movement of a rescuer and/or litter along a horizontal or angled plane, and may also be designed to facilitate vertical movement of the rescuer and/or litter from any position upon that horizontal or angled plane.

· Highline systems are considered the most complex of rope systems as they typically require more equipment and personnel involvement to assemble and operate than any other rope system. Due to the combination of a highline rope system being personnel and equipment heavy, along with the total dependency of the safety of the rescuer on the highline system, the highest degree of scrutiny of the assembly and operation of the system in its entirety is required.

· The successful operation of a highline system is dependent upon the coordination of personnel, equipment and the components that comprise highline systems all working together under the direction of the Rescue Group Leader and his/her staff.

· The set up and operation of a horizontally oriented Highline system involves personnel, equipment, and tasks performed from each “end” of the Highline system. To simplify the identification for these two locations, the terminology “near side”, and “far side” are utilized. The “near side” designator is applied to the location in which operations are based and the rescuer and/or litter is deployed from. The “far side” operation is where the Highline is extended to and typically involves fewer personnel and equipment. On Highline systems that angle to the ground from an anchored location above, the terminology “top” and “bottom” are used.  

Highline system components:

· The components that make up a highline system include:

1. Personnel working under the direction of assigned staff positions (See “Roles and Responsibilities” section for details).

2. Sound anchors (See “Anchor Points”, “Anchor Systems” section and below for details).

3. The Highline rope system itself. (Detailed below).

4. Communications comprised of common terminology (See “Communications” section for details).

5. Equipment that is properly applied and properly maintained (See “Rope Rescue Equipment” section and below for details).

6. The application of safety during a rope rescue that encompasses the entire event. 

Track Line(s):

· The Track Line is the rope(s) that the load is suspended from and determines the path of the litter or rescuer. Track Lines can be single or doubled, and may be oriented horizontally or angled up or down.

· The effective practical span of Track Lines should not exceed 300’.

· A load suspended from a horizontal Track Line can adversely impact the anchors that support the Track Line two ways. First, wide critical angles amplify the loads effect to the anchors and second, movement of the load on the Track Line can cause fluctuations of several hundred pounds at the anchor points. Because of these factors, the highest degree of scrutiny must be given in regard to the stability of the anchors being utilized for the Track Line.

· To help minimize the impact of wide critical angles, the Track Lines need only be tensioned sufficiently for the load to safely clear all obstacles.

· Due to the high loading that Highline systems subject to the Track Line anchors, a maximum of two persons (rescuer and patient), shall be allowed to be suspended from the Track Lines.

Single Track Lines:

· The use of a single Track Line is frequently utilized when the Track Line angles steeply to the ground from its anchored position above. Due to the steep orientation of the Track Line, the load is mostly captured by the Control Lines therefore removing the necessity of doubling the Track Line. When a Track Line is set up for this type of operation, the use of multiple Control Lines (Main and Belay) is recommended to prevent the possibility of an uncontrolled descent of the load.
Double Track Lines:

· The highest degree of safety for a Track Line system is reached when two Track Lines are utilized. Multiple Track Lines when tensioned equally splits the weight of the load between the two lines thus minimizing the impact that the load imparts onto the ropes. 

· Multiple Track Lines can be anchored expeditiously and most effectively from one “bombproof” anchor. The utilization of separate anchors for each Track Line for the purpose of backing up each other is not typically necessary as the Control Lines can be designed to capture the load in case of a Track Line failure (See “Control Lines” below). If separate anchors for each Track Line are utilized, the location of each anchor should be aligned in reasonable proximity to allow both Track Lines to break over the edge along the same plane and right next to each other.

· In order to allow the load being applied on the Track Lines to be evenly distributed between the two lines, both of the Track Lines should be from the same manufacturer, be of similar construction and length, and be tensioned equally (see “Anchoring and tensioning of Track Lines” below).

Anchoring and tensioning of Track Lines:

· The far side Track Line is anchored with a full strength tie off to help minimize rope strength reduction issues related to knot application such as when an anchor is connected with a Figure 8 on a Bight. (The Figure 8 on a Bight has a knot efficiency of 80% to 85%, thus reducing the 9000 lb breaking strength of ½” life line by 1350 to 1800 lbs.)
· Once the Track Lines are properly tensioned, the near side Track Lines are each held in place by tandem Triple Wrapped Prusiks. The two Triple Wrapped Prusiks that hold tension on the Track Lines also act as a pseudo dynamometer as the Prusiks will begin to “slip” at around 1500 lbs of force.

· Tensioning of the Track Lines can be accomplished by applying a 2:1 TMA (theoretical mechanical advantage) to each of the Track Lines with a single tensioning rope in the following manner:

1. The end of the tensioning rope is secured to the tensioning ropes anchor and its anchor plate with a Figure 8 on a Bight.

2. The tensioning rope is brought up to the first Track Line and connects to the first Track Line through a pulley attached to the Track Line with a Triple Wrapped Prusik.

3. The tensioning line is pulled back towards its anchor plate where it passes through a second pulley attached to the anchor plate, then is pulled back towards the second Track Line.

4. The tensioning line is connected to the second Track Line by a third pulley attached to the second Track Line with a Triple Wrapped Prusik, exactly like the connection to the first Track Line. 

5. Tension the Track Lines and secure the tensioning line.

· Track Line tension may be adjusted as necessary while in operation. Coordination of a Track Line adjustment must be carefully orchestrated by the Rescue Group Supervisor with all safeties in place that will allow passing of a “whistle test” once the operation commences 
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Tensioning system for Track Lines.

Control Lines:

· Control Lines allow the rescuer and/or litter to be moved along the Track Lines. Since a horizontally oriented Track Line is not excessively tensioned, a sag in the Track Line occurs as the load approaches the center of the span. Due to this sag, the Control Lines function as a lowering operation from one side down to the center of the span (called the near side Control Line), and a raising operation from the center of the span up to the far side anchor (called the far side Control Line).

· When Control Lines move a load past mid span and back, the near side lowering operation will have to be converted to a raise to bring the load back up to the near side. Conversely, if the load passes mid span, the “far side” raising operation will have to be converted to a lower to support a belay of the load back to mid span.    

· The lowering side of the Control Line is set up the same as a “Main Line Lower” by using a Brake Bar Rack with the addition of Tandem Prusiks on a Load Release Hitch placed ahead of the rack towards the load. The raising side of the Control Line can be set up the same as a “Main Line Raise” by using a 3:1 TMA configured from the Control Line, or more expeditiously by using a Pig-Rig attached to the Control Line. A set of Tandem Prusiks are also utilized in this system, as detailed next.

· In addition to the role of moving the load along the Track Lines, the Control Lines also may serve as a back up safety in case of a Track Line failure. In order to function as a back up safety for the Track Lines, the Control Lines must adhere to the following:

1. The Control Lines must have anchors separate of the Track Line anchors. (To account for a Track Line anchor failure).

2. The depth of the span must be sufficient enough for the Control Lines to capture the load prior to the load “bottoming out”. (The capture distance of the Control Line is approximately equal to 1/5 the span).

3. Tandem Prusiks rigged to a Load Release Hitch (LRH) must be located on the near side “lowering” Control Line, positioned towards the load from the Brake Bar Rack. On the far side “raising” Control Line, Tandem Prusiks may be positioned at the change of direction pulley when the far side Control Line is set up like a 3:1 TMA “Main Line Raise” (see “Main and Belay Line Systems” section) or the Tandem Prusiks may be located on the far side Control Line at its anchor if using a Pig-Rig for a haul system. The LRH and Tandem Prusiks will act as a shock absorber and capture the load if the Track Line fails and imparts an impact load onto the Control Lines.

· The Control Lines may be suspended from the Track Lines by Girth Hitching Prusiks around the Control Lines at about 30’ intervals, then making attachment to the Track Lines with a carabiner.

· A single Control Line may be utilized in place of separate near and far side Control Lines, but will only work if the single Control Line is longer than twice the span.
· With the exception of an obvious “bombproof” anchor, the anchors utilized for the Control Lines should be separate to that of the Track Lines. This separation from the Track Line(s) anchor(s) is especially relevant if you are depending on the Control Line to back up a Track Line failure. (Failure of the Track Line system occurs most frequently due to failure of its anchor, not to the Track Line itself).
· The connection of the Control Lines to the rescue carriage is detailed below under “Rescue Carriage”.
Rescue Carriage:

· The carriage that moves the rescuer and/or litter along the Track Lines must have a sheave diameter and width suitable to accommodate multiple Track Lines. Pulleys that meet this is need are knot passing pulleys and the Kootenay Carriage. The design of the Kootenay Carriage includes one larger hole that can accommodate up to three carabiners suitable for attaching the Reeving Line, and a hard tie for the rescuer while moved along the Track Lines, as well as two additional smaller holes for the attachment of the Control Lines. A knot passing pulley used for a rescue carriage may have an anchor plate attached to its single hole to provide the additional connection points for the Control, Reeving Lines, and rescuer attachment during transport. 

· A single Triple Wrapped Prusik (sometimes referred to as a “soft interface”) is placed onto each Control Line located where the Control Line connects to the carriage that the rescuer and/or litter is suspended from. The Control Line is allowed to “droop” at this connection point, with the Triple Wrapped Prusik taking all of the tension that the lower or raise systems on the Control Line imparts. The Triple Wrapped Prusik acts as a dynamometer and gives all personnel a visual confirmation if excessive forces are being applied to the Control Line, as the Prusik will begin to slip at around 1500 lbs of force.

· If a single Control Line is utilized, the connection to the carriage may be accomplished by two inline Figure 8’s with two single Prusiks added to act as the dynamometer.

Reeving Line:

· The Reeving Line allows vertical movement of the rescuer and/or litter at any position along the Track Lines.

· The Reeving Line is operated from the near or top side position. Lowering of the rescuer and/or litter is accomplished by a brake bar rack with the addition of a single Prusik attached to a Load Release Hitch connected on the load side of the brake bar rack. The addition of the LRH and Prusik allows the system to pass the “whistle test” during operation and allows change over from a lowering system to raising system.

· The raising system may be formed from a 3:1 TMA on the Reeving Line, or more expeditiously with a Pig-Rig attached to the Reeving Line. The single Prusik and LRH utilized for the lowering operation is left in place during the raising operation to allow passing of a whistle test as well as securing the load during a reset of the hauling system.

Attachment of a litter on a Reeving Line:

· The attachment of the litter, Tender, and patient onto a Reeving Line is accomplished the same as outlined above under Two Rope Systems. The exception to this is that there is only the one Reeving Line in place of the Main and Belay Line set up. The Reeving Line connects to the “O” ring on the litter harness with either a Longtail Bowline or an inline Figure 8 with the tail connecting to the Tenders harness. The patient is connected to the Reeving Line with a Purcell Prusik or webbing and a Prusik. 
[image: image2.jpg]



Highline System components: 1: Kootenay Carriage  2: Double Track Lines 

3: Near Side Control Line  4: Far Side Control Line  5: Reeving Line  6: Transport Line for Rescuer or litter.

Example of a tactical set up sequence for a horizontal Highline:

· Determine the location of the Highline and select suitable anchors. Due to the high loads that horizontal Highlines impart on anchors, the Track Line anchor must be “bombproof”.

· Determine the means of getting the ropes across to the far side. If a messenger line is utilized propelled by a line throwing gun, ensure the safety of all personnel prior to deployment.

· If multiple Track Lines are utilized, three rope ends will need to be hauled across by the far side personnel (two Track Lines and the far side Control Line). If hangers are going to be utilized to support the far side Control Line, they may also be sent across with the three ropes.

· Secure appropriate anchors for the near and far side Track Lines. The Far side Track Lines will be secured by full strength tie offs. The near side Track Lines are held in place with tandem Triple Wrapped Prusiks after tensioning.

· The tensioning system is rigged on the near side (see “Anchoring and tensioning of Track Lines” above for details). Pretensioning is provided by one person operating the 2:1. Final tensioning may be adjusted so that the weight of the rescuer, litter, and patient clears all obstacles.

· The Control Lines anchors for the near and far side must be separate from those of the Track Lines if the Control Lines are to function as a back up in case of Track Line failure. Using the same anchor for both the Track Line and Control Line may be utilized only if the anchors are positively “bombproof” and suitable multiple “bombproof” anchors are not present.

· The near side control line is set up the same as a “Main Line Lower” with a brake bar rack and tandem Triple Wrapped Prusiks on a LRH connected on the load side of the rack. The far side Control Line is set up the same as a “Main Line Raise” with the addition of tandem Prusiks. The tandem Prusiks and tandem Prusiks on the LRH act as a shock absorber, capturing the load in case of a Track Line failure, and also allows passing of a whistle test.

· The rescue carriage is set onto the Track lines. The near and far side Control Lines are connected to the carriage side holes with a Figure 8 on a Bight into a carabiner. A single Triple Wrapped Prusik is added to the connection to act as a visible dynamometer via a “droop” in the Control Line at the carriage connection. If a single Control Line is utilized for both sides, two inline Figure 8’s may be utilized with two Triple Wrapped Prusiks added for the above reason. (Note; if a single Control Line is utilized, it must be longer than twice the span).

· A pulley is connected with a carabiner to the carriage for a change of direction to the rescuer and/or litter if a Reeving Line is utilized. During transport along the Track Lines via the Control Lines, the rescuer and litter are tied directly to the carriage with a piece of webbing. Additional protection is provided by a Triple Wrapped Prusik on a LRH that is attached to the Reeving Line. Once the rescuer is positioned along the Track Line at a location where the lowering operation will commence, the Reeving Line will have to perform a short raise to allow the rescuer to disconnect himself/herself from the transport webbing.

· Once the rescuer has secured the patient, and the rescuer and patient are raised with the Reeving Line up to the carriage, the rescuer shall reconnect the transport webbing prior to the Control Lines moving the carriage.    
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