Industrial Rope Rescue Guide



Disclaimer

Rope rescue is inherently dangerous. Even if the techniques, procedures,
and illustrations in this material are diligently followed, serious injury
and/or death may result. This material makes no claim to be all-inclusive
on the subject of rope rescue. There is no substltute for quality training
under the gwdance of a quallfled mstructor e -

Insofar as the author of thls materlal has no. control over the level of
expertise of the reader or the manner thls mformatlon is used, the author
assumes no responS|b|I|ty for the readers use of th|s lnformatlon

There is no warranty;,*:elther expressed;'or |_mpI|ed, for_the accuracy and/or
reliability of the information contained hereof.

The Art of Rescue, Copyright 2018, Shayne Torrans. All rights reserved
for the contents of this material. NO unauthorized duplication by any
means without prior written permission from the author. All product names
throughout this presentation are trademarks of their respective holders.



Description

This Masterclass presentation for rope rescue has been developed by
Shayne Torrans. The focus of this presentation is to deliver a high-quality
educational and 'pr‘actical understanding of the basic principles of rescue.
The areas of d|SC|pI|ne in this material are tailored to the petrochemical
and industrial arena, including but not limited to hlgh angle, structural and
confined space, but could be applled to VIrtuaIIy any rescue scenario. The
opinions and best practlces that are dellvered in- this . information are
based upon 25- years of experlence in the petrochemlcal industry. There
are many other subjects that could be mcluded as areas of discussion, as
this material is not all inclusive. Note that questioning and challenging of
these topics are not onIy welcomed but encouraged! It is imperative that
the rescuer understand what to do, how to do it and most importantly why
they are doing any task associated with rope rescue. Additional materials
are available for more specific applications. This program starts with a
self-assessment of the rescuers proficiencies in core competencies and
then help identifies a customized path for Rescuers’ to improve
themselves, their knowledge and skills.



How to Use This Guide

|deally, this presentation could be used as an Operational Field Guide or as a
reference for training and practicing.

Certain skills and in_formation in this presentation fall under 1 of 5 categories.

Awareness LeveI e
. Operatlons LeveI 1 it o
Technlc:lan LeveI II G
S SpeC|aI|st LeveI IV
Incident CommanderV :

The colored icons next to the 5-Ievels indicate the skill and/or information that
a rescuer at that level should be able to know and/or perform. These icons
will be at the upper right-hand corner of each slide. This indication may not
line up exactly with the NFPA 1006 due to a team deployment size of 2-3
people and the added Specialist and Incident Commander Level. This guide
does not include all elements of each NFPA 1006 discipline.




External Links

This icon indicates additional online video tutorials:

This icon mdrcates a manufacturers user manual or i
operational procedure : (el go e oo

This lcon |nd|catesan0F>erat|onalcheckllst o

This icon indicates an information retention quiz:

On certain pages there will be these icons which are
web links out of this presentation to desired content.
Linked content may require a high speed internet
connection.
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Prologue

Although there is a certain utility to rescue that is required and
fundamental, The ‘Art of Rescue cannot so easily be described, it can
only be felt. I'm afrald only rescue. passmnate people would get the rest
of this message anyway : | '

In standby rescue we are not gettlng pald f0r what we do; we are
getting paid for What We know Therefore we must know it. To know
somethlng iS qu1te dlfferent than to understand somethmg When we
first learn about technlcal subject matter we Iearn the basic principle of
“how” it works, but usuaIIy not the “why”. To actually understand
something takes time; the same as it does to actually understand
somebody... You may"‘knoW” that person, but do you actually
“‘understand” them?



Most of us know the basic principles of rescue. It is a perishable skill;
unfortunately, the more technical it becomes the more perishable it
becomes.

The primary issue within the petrochemical industry is the majority of
rescuers believe they can perform a technical rescue within the
limitations of a 3 -man team while in the mdustnal arena. | personally do
not believe this |s the case (Statlstical data proves otherwise). In
conjunctlon they aIso only belleve that there: are certaln requirements
in which are needed in order to perform a technlcal rescue. By not truly
understanding the flrst lssue they cannot even begln to asses nor
understand the second along with everythlng else that would fall in line
after that. % | -

Let me explain. The most critical and overlooked assessment in
rescue is to understand the behavior of an outmatched team.

Think about what that means...



Al

Most rescuers in the industrial sector attend a “Level I” Rescue Class
that may have a menagerie of names regardless of where the class
was instructed or who instructed it, it may be called:

Technical
Structural -
High- Anglei"*f‘*f'-.-

Conflned Space e

The class would usua.ll'y enta|I baSIC knots S|mple haul systems,
primitive Iowerlng systems and fundamentals of packaglng The reason
this particular subject matter is taught is due to a NFPA standard in
which everyone W|th|nthe industry holds very hlgh. This practice is
generally accepted by fire fighters and of the like whom usually have
much larger teams and support systems when deployed in the field.



The 3 fundamental problems:

1. Standard NFPA Level 1 rescue requires 6 rescuers (or more)
to perform virtuaIIy any standard team task.

Example: On a simple Lower System you need a person to operate the Primary, Safety
and Tag Line, wh|Ie3 sets of hands holding the basket. This = - does not include
addrtlonal personnei"’for:adjuncts and/or I|tter attendants eto &

2.

iiési;éi‘e’?{d{iﬁVideg-;byz‘inherent risk.

3. The average;resouer in the fletd does not realrze that they are
outmatched untll an actual rnc:|dent takes place by 2:1.

Explanation: This is a 50% deﬁciency‘ by any"calcula'ble account. (Simple math explains
the basic equation above.) The Rescuers are executing in the field with half of the team
that they are a custom to, therefore they must be at least twice as good just to meet the
minimum requirements.



| have always been curious to understand the following statistic in
everyone’s head. Every time | ask a Rescue person if they know the
odds against them for entry (which is 66% against) most rescuers
never ask why. If they do ask, they never truly understand what the
answer means, or they believe the statistics are acceptable and
understood. Just ‘know; Everyone Cant be part of the 33%! The
majority is part of the 66%. Unfortunately, that is how statistics work.
Thatis 3 people;@_gr 10 that can get it _done‘WIthout injury or death.

More mterestmgly, |n my experlence |t usually |s not unt|I a rescuer has
about 10 to 15 years in the field until they actually understand that they
do not know enough to actually perform on an inefficient team based on
team size. For whatever reason that is when they start to really learn
and hone their craft. Very few continue with their education earlier than
that. If a rescue technician had perused any advancement in training on
their own accord earlier than that, it was an anomaly.



Most rescue personnel in the field have only attended a “Level 1" type
class and maybe a continuation of that by refresher annually. Rarely do
they progress onto other more advanced trainings. Because of this, the
Industry Is stifled by a complete lack of “real” knowledge and
experience. This is actually fortunate in one way. Thank God we have a
ton of preventatlve measures In place to keep real rescues from
happening on adally basis in the petrochemlcal lndustry On the other
hand, if more of them took place more. often it 'would change the
eX|St|ng perceptlon Wlthln the mdustry We are not doing our “Stand-by”
rescue teams any Justrce by not Iettmg them get exposure via
experience. e e & *

On a different “hO't'e,;' un-de_rstanding"the’ difference between what is
someone’s problem and what is someone’s fault is rarely addressed.
Someone attempting to identify “whose fault it is” rather than accepting
that there is a standard level of training that does not match team
requirements and expectations in the field is looking for a scape goat.
We have to address that we are all part of the equation.



Training verses practicing:

Initial training is conducted in the classroom, coupled with hands on
training and verified by testing. Usually there is:

General Knowledge test
Knot Tylng test
Skills Assessment

These tests try'to-i__f_fdentlfy the baS|c coverage requwements of the
NFPA, OSHA and/er a company requwement

The “real’ test of a team comes from how weII they can perform
TOGETHER. The onIy way a team becomes efficient is by practice. A
team MUST practice together and OFTEN! An individual assessment is
ideal, and a standard evaluations between teammates are typical. In
our industry this is difficult because we have a multitude of teams and
members working erratic schedules. The only way an individual team
will get better is that the particular team of that day practice.



If a team has difficulty performing because particular individuals do not
maintain certain perishable skills, and the team is aware of that fact, it
is a problem. We are only as strong as our weakest link! Part of being
on a team is the understanding that basic principle.

| often ask team‘members af I were out there Wlth you guys every day
for @ month, how: well._’:do you thlnk we would perform’?” the answer is
always the same That would be amazmg"’ Why is that? | will tell
you. . g aLE '

| would not aIIow‘a;n'on coheswe team' I would not aIIow for a team to
not practice! | would not allow myself or someone else to be a weak
link! | would push and push and push for greatness! Not because | am
getting paid to do it, not because | was the Team Lead, but because |
have enough experience to know if the proverbial shit hits the fan, we
MUST perform! | am passionate about what we do, and | want to be
surrounded by greatness!

Al



25-years ago people were not even allowed on a rescue team until they
had several years of experience. Today with the increasing demand in
the field, more and more rescuers are needed to fulfil the demand, it's
just not possible. |

Younger rescu'ers are becoming more prevalent in the industry.
Unfortunately, - we must accept this fact. More importantly we must
embrace it! Wh|le 5years of experlence wouId be nice, it is not
practical. Even |f |t were if someone satin a truck for * standby rescue
for 5-years and never actually performed a rescue they would not have
5-years of experlence in rescue they. would have 5-years of experience
sitting in a truck whlch Would not do us much good

| think it is fair to say, we do not know What anyone would do in a real-
world scenario until it happened. | could speculate that about 66% of
the rescuers would fail statistically speaking!



We all learn and retain information at completely different rates; the
only way to equalize this imbalance issue is to practice together.
Perform individual races with your team mates on knot tying:

Critique the Speed
Critique the: Gams

Critique the Knot Quahty | G
Crlthue the Dressmg iy
Crlthue the Safety‘f(lf .ébp“Cabte)’ '- :

Do the same thlng WIth Haul Systems Packagmg and Lowering
Systems. We do not have to perform evolutions to practice. Vicariously,
by practicing, we will teach some, we will learn some. This is important
because to evolve, we must be involved! If we want a higher level of
technician in the field which leads to a higher quality team, we must
teach, learn and practice.



In the field, start with basic knots and Simple Systems. Then move on
to more uncommon knots and Compound, Complex and more difficult
Systems. Start small; finish big!

As teammates, we need to evaluate every team, every member, every
day. We must assess what we have to work with. We need to know
what tools we have available. If we need to drive a nail, don’t grab a
screwdrlver gef a hammer if we are not evaluatmg by practice we
won't even know the drﬁerence o E

As with anythlng m technlcal rescue proflcrency is a must! Rescuers
should have the ablllty to practlce and perfect the|r craft without being
mandated certaln sk;lls based on assumptlon Remember as Jason
llowite once said “Technical rescue is not meant to be taught to the
lowest common denominator. Rescuers should be critical thinkers
capable of learning new skills.”

Sincerely,

Shaﬁne R. Torrans









Objective

At the completion of this material, you will be able to:
Safely app'roach evaluate and access emergencies
SEIEY seIect and use rescue equrpment '

Tie rescue knots successfully

Safely construct‘"f_nchor systems used for vertlcal and horizontal
apphcahons : L e ;;qz.::q ,
Safely package and transport an |njured or |I| V|ct|m to medical
attention e e A

Suceessfully seIect and construct mechanlcal advantage haul
systems used for retrieval of victims

Select and construct lower systems capable of transporting a
rescue sized load

Descend a fixed rope system







PERFECTION IS NOT ATTAINABLE, BUT IF WE CHASE
PERFECTION, WE CAN CATCH EXCELLENCE.

- VINCE LOMBARDI

YOU MUST LEARN FROM THE MISTAKES OF
OTHERS. YOU CAN'T POSSIBLY LIVE LONG
ENOUGH TO MAKE THEM ALL YOURSELF.

- SAM LEVENSON -

AR NS T Wy



Mere-Exposure Effect

AThe _mere- exposure effeot s psychological

phenomenon by which people tend to develop a
B '.preferenoe for. thlngs merer because they are
"fam|I|arIW|th | emm In soc:|al psychology, th|s effect
~is some : al -

*, ‘Th|s—.:|s e’of th»e reasonsflt |sfeaSIerto teaoh new
»'students ‘than students Who aIready have trammg
ina partloular subjeot matter |



Life’s Fundamental Truths

All liquids are ﬂUId but not aII flwds are liquid.

Things that are hot may glow not all things that glow are hot.
Being busy does not equal bemg productlve

- You're onIy as good as those you assouate Wlth

Your team |s oh"’l ""'trong as your weakest I|nk

T|me notllmone 7‘-f-‘your most valuab-l,e.._iasset Use it to advance
your caree:r ,_hlle-.:_you' st|II have |t T RERE

The good' news is the sheer act of practlcmg WI|| help you come
out of your sheII The bad news is that you have no other choice
if you really want to be amazmg at What you do.




Life’s Fundamental Truths

To work tirelessly something you hate is called stress. To work
tirelessly for something you Iove IS called paSS|on

Doing the same thing over and over agaln ‘and expeotlng a
different result is msanlty - e |

- Being notlced |s not the same as belng remarkable Don’t get
noticed for the wrong reasons Be remarkable for your smartest

and best work | s SR e

Nobody ever oompla"'lns about what they oannot ohange They

complain beoause itiseasier.

. You become what you believe.

- When you show up to do your job, regardless of how smart you

are, you'’re going to take your head with you... you might as

well fill it with whatever knowledge you can, it won't be one

ounce heavier if you do. | would rather have it and not need it
than need it and not have it!




The Unfortunate Reality

Technical rescue training must be based on potential, and not on
call frequency. Itis a total commitment by the individual technician
as well as- the entire company. Technical rescue training is
dangerous the onIy thlng more dangerous s not tralnlng

If the expectatlon 0 jr._,.f";equ1pment isa 15 1 Safety Factor then
why would we expect anythlng Iess of our team. If our team is
deployed in 4 "el_d W|th haIf of the team we tra|n wrth then they
must be tW|ce as g'ood ok e

'r 1&1x2=3Q1-.

This is the expectation! Train, Practice and Critique as much as
possible to ensure you and your team reach a 30:1 safety margin
based on potential risk.



o
Suggested Training Schedule

Note: Technical rescue disciplines are vast, and this schedule makes
no attempt to cover all areas of technical rescue. The following
training schedule addresses onIy vertlcal rescue and confined space
rescue. g | -

Vertlcal Rescue

ACtuaI tra|n|n.:.:,.;:-.

| ,:__'eslred sk|II IeveI Th|s is what | would
Inim m"yearly, _eof”;_'lnumg educatlon standard:

Awareness: IeveI Low Angle Evacuatlon (Less than 40 ).
Rig and operate a tag I|ne on a ||tter ’ '
Perform a caterpillar pass.

Perform proper patient packaging.

4 hour class, 2 times per year.

8 Hours Total



o
Suggested Training Schedule

Operational level - Steep: (40° to 65) To High Angle (more than
65°) Evacuations. one

Awareness skrIIs 8 hours doo e
Personal skills (climbing, rappellirrg‘.,__ Selfrescue) Two 4hr.
classes, 8hrs:;.-»totals?-4 o S e

Rrggrng an;d‘:.{ operating
anchors marn,ll

‘basrc rescue system (bombproof
y line). T wo*??4hr“f‘?";;cl?asses 8hrs. total.
Rig'%for'lo‘_ [ |'g'\f“for”_,ﬁa|se and convert'from a lower to a raise
and a raise 0wer Two. 4hr classes 8hrs total

Perform srrhple “mid-f face pick- offs (team base and rescuer

base, with a non- changlng faII I|ne) Four 4hr classes, 16hrs,
total. ‘ -

48 hours per year.




Suggested Training Schedule

Technician level. - ngh Angle Wlth Multlple Changes In The Fall
Line.

. Awareness sk|I|s pIus Operatlonal sk|IIs 48 hours total.
. Rrggrng multl ;p_:omt anchors Two 4hr cIasses 8hrs totaI

: -~Understand|ng“" all "'”"’ulnderstandrng |deal and practlcal
mechanl_ca' [o} 4hr. classes 8hrs total

80 hours' perfy@{a;



o
Suggested Training Schedule

Rescue Specialist level - Highline Qperations, and/or Structural
Tower Rescue. e e
Operatlonal Skl||S plus baS|c and |ntermed|ate Skl||S 80hrs.

Two 4hr Clasu ‘f?s-"'?f-8:hrs total ks e e
Rig 1, 2, a‘n'd.}i?4.~{rop'e hlghllnes ng Engllsh and Norweglan reeve
hlghllnes horlzontal and steep hlghllnes (aII one tlme per year).
8hrs. each, total 32hrs Gl
2 simulated structural tower rescues per year 8hrs. total.

152 hours per year.



A
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Note: The prerequisites are
highly recommended
prior to taking this
training course!




[ 5 [ 2 4 ||
Certification Recommendations
Confined Space/High Angle Rescue — Technician Level

First Ald/CPR/AED Tralmngforthe Rescuer (8 Hours)

Note: This should be the minimum
required training for a 3-man rescue
team in the industrial arena preforming
confined space rescue.







Recommended PPE

Rescue Helmet Rescue Gloves

o R Bk Ay s T . o R

Class Ill Harness 3 SafetyBoots .

Knee Pads : Flashlight

(If Desired)




is safe prior to
executing live load
operations!




Note: We do not trade
one life for
another!




Note: Only make entry as
a last resort!




O]
Redundancy/interchangeability

When building ANY rescue system |t IS imperative that the system be
backed up! 4 ,

Remember the NASA Mentallty

A None 2 Onﬁ.

The concept of-.{:f‘ ckup .,systems:_ls“also;..-.,Anown as redundancy Rescue
systems are created in such a way that if one part of the system fails, the
system as a whole W|I| still be able to function due to the presence of
backup components Redundancy and backup plans should play an
important role in many deCIS|on maklng processes for the purpose of risk
reduction. -

Systems as a whole should be constructed with components that have
iInterchangeabillity as well.



Critical Point Test

This is a test rescue teams use to
determine the lnherent safety W|th|n a
rope rescue system

weakest Imk m the system'

Remember, if its predictable, it s
preventable.




Whistle Test

When all rescuers release their ropes, a
patient and/or rescue adjunct on the.
system will not drop or fall.

This safety feature should be bunt |nto o
your main and/or safetyllne* e

. Main Lme btions - Petzl ID, M PD
Figure 8 w/P_ru,srk‘é‘bypass or Brake
Bar Rackf,,;P-rusrk bypass ey

Safety Line Optio.n_s -"Tandem' i
Prusik, 540, Petzl ID, MPD, Figure
8 w/Prusik bypass or Brake Bar
Rack w/Prusik bypass




Swiss Cheese NModel

By: James Reason

The Swiss cheese model of accident causation is a model used in
risk analysis and risk management, including safety, healthcare and
emergency service organizations, and as the principle behind layered
security and redundancy. It is hypothesized that most accidents can
be traced to one or more of four failure domains: organizational
influences, supervision, preconditions, and specific acts.







Software

A flexible fabric component such as:
Y5 inch kernmantle Rope
1 or 2 inch Tubular Webbing or Flat Webbing
7,8, or 9mm Prusik Accessory Cord
« 2 inch Anchor Straps
Shock Absorbers
Lifting Bridles
Harnesses

Note: Always use caution with software in situations that may
cause friction, abrasion and/or cutting.

SN
11/ .



Safety Factor

10:1 Safety MBS. | MBS. Acceptable

factor Kilonewton Pounds of loads (Ibf)
(kN) force (Ibf)

NFPA design load 1.33kN 300Ibf 1 Person load
NFPA design load 2.67kN 600Ibf 2 Person load

Escape “E” 13.5kN 3,034Ibf 303.41bf
Light Use “L’ 20kN 4,496Ibf 449 .61bf
40kN 8,992Ibf 899.2Ibf

General Use “G”

 {KN=2251bf




Breaking Strengths

Rope 6r Webbing Sizé -Minimum Breaking Strength
/mm 2,200Ibf

8mm 3,500Ibf
9mm 4 500Ibf

11mm 7,000l bf
12.5mm 9,000Ibf
1” tubular 4,000Ibf
1” flat 6,000Ibf
2” tubular 7,000Ibf

kN =225 Ibf




Nylon & HTP Characteristics

Nylon & HTP are synthetic fibers

Can better absorb sudden shock Ioads

More resistant to_f ';braS|on _

Nylon does not rot e e o

Is not damaged b~y
o Ollg Tris "
. gasoling et
e
. marine growth e
- most chemicals other’,than 'aCids

Loses considerable strength when wet
(approximately 50%).




Nylon & HTP Oppositions

Never Step on Software (It can grlnd
dirt into it) ‘ - s

Never put a sharp: edge such as. a.
knife to a load (It can cause masswe
damage to t_h,e_.;‘r;;j _»g'rlty of the rope)

-
...

Do not get soapy (Soap attracts d|rt)
Keep out of sunllght (Sunhght |
damages nylon & HTP)

Avoid Chemical Exposure (Chemicals
may reduce the integrity of the material
without showing any signs.

Note: More than 10%

discoloration may
cause need to
remove from service!




Static Kernmantie Rope

Kern—CQre‘_' A
Mantle ~ Sheath (woven cover)



NFPA Performa

2 ’ B, R ome AR L E: )

nce

vRoriY X
SER RRERY
P S

Note: All shall have a
melting point of no
less than 400
degrees.

. Diameter 12.5mm




NFPA Manufacturing
Requirements

L

that |ndicates t _ ' ee s

S1AENTs FOI Lipg SN

EETG peQUIR




Dynamic Kernmantle Rope

High Stretch up to 40% at
100lbs — up t0 45% durlng
normal use

Contlnuous flrament flber
Fibers are virgin nylon =
Kern — Core ’
Mantle — Sheath (woven cover)




Life Safety Rope Rules

These safety rules for any software (such as rope or webbing) will help
minimize the reduction of their strength and aid in the safety of the rescuer.

Do Not Step On The Rope.

Working on an elevated surface with gratmg or other sharp edges
can damage the rope. Always know where your footing is when
~working in a high angle environment for your own protection.
Ensure not to get r*‘ta-ngled**u‘ f|n~_;flaked rope

Do Not Straddle he 0pe: Morle el
Standlngjf;g - or too close to a Ioaded rope exposes you to
possmle‘e}mjury if the system falls and the rope snaps back.
Standing over an- -unloaded rope can be palnful if the rope is
loaded without you knowing it. Never allow anyone to stand in the
line of fire of a rope under tension.

Protect The Rope From SharpEdges.

Sharp edges and acute bends can greatly reduce the strength of a
rope. Always use edge protection to keep the rope safe from cuts
and abrasions, or rig the rope in a different manner.




Inspection
- Hard/Gloss)

Markings on ends of rope &
Protection



Rope Logs

Rope logs document |nspect|on and use
Logs must be kept together W|th |nspect|on requnrements
Each rescue?rope must be |dent|f|ed and have_a‘specmc Iog sheet

Note: Any shock load or fall on a rope must
be noted in the rope log. If a Major
shock load or Fall occurs, then rope
should be removed from service.




Inspecting Life Safety Rope

The decision to retire a rope or to keep it in service requires good
judgement that comes from experience in working with ropes. Inspection
IS achieved by looking for. damage feellng {0] damage and checking the
ropes history in the Iog book. o

Inspect a new rope prior to puttlng in service and after each use. This
should be done by someone_who has been deemed gualified by the
organlzatlon Comple pectic mcludes both vnsual and tactile
inspection. A e

Check the'. sheath_.;;(mantle or cover)-‘:;@:to : |‘dent|fy glazed or hardened
surfaces, chafflng, dlscoloratlon or varlatlons in diameter. Look for areas
of abrasion or cuts where the core (kem) (S exposed If this Is the case,
the sheath can no Ionger__protect the core. When performing the tactile
inspection, ensure the rope is tensioned. Feel for variations in size or
hard and soft spots that could indicate damage.

If there are any doubts about the integrity of the rope, destroy it and take
It out of service.




Webbing

Tubular Webbing Flat Webbing

1inch = 4,0001bf 1 inch = 6.000Ibf
2 inch = 7,000lbf b R




Prusik Cord

Smaller Diameter low stretch
kernmantle rope 2

7mm cord is a great prusik cord fof””»
use on erXIbIe 7/16 lnch dlameter
ropes. e i

al prusik ord S|zeor
Y2 inch Llfe Safety Resc-ue::Rope

9mm is a great pr;iusik'cfordi._sized for ;
rope greater than % inch diameter.
Excellent for use in Load Release

Hitches as well. Note: Prusik diameter

should be between
50% and 70% of the

Typical Knots tied in Prusik cord _
Host Rope diameter.

Prusik Hitch (Triple Wrap)
Double Fisherman’s Bend




Anchor Strap

2 inch Flat Weave nylon Webblng |
Multiple Uses - o
Sewn in “D” Rlngs

The stutchlng is rated for N
4B OOOIbf mll ,__SPec,ZSTD858 } oE




Pick Off Strap

2 inch Flat Weave nylon Webblng |
Multiple Uses - o
Sewn in “D” Rlngs

The stutchlng |s rated for v
B, OOOIbf m_ll spec STD858




Load Release Strap

2 inch Flat Weave nylon Webblng |
Multiple Uses - o
Sewn in “D” Rlngs

The stutchlng |s rated for v
B, OOOIbf m_ll spec STD858




Lifting Bridle

Improvised/Component Bridles .~ Pre-Manufactured Bridles
Rope & Prusik . - Purpose Built
Webbing



Harnesses

Class |
Designed for emergency escape
300Ibf. (1.33kN)

Classill me i« any
DeS|gned for reseue‘ Ioad %
600Ibf (2 67kN) i

Class I
Shoulder straps ,
Designed for rescue Ioad-
600Ibf (2.6 7kN)




Shock Absorber

Typically used on the safety line

Sling sewn with stitches that are designed to
rip under load so that the |mpact of the load is
gradual rather than -sudden. They prowdev
added protectron in rescue srtuatlons Where
they not only absorb energy d|rectly because.}"f
of the stitch rrppmg effect but they also allow
your rope to absorb more energy from the faIIf{»;_;;
by increasing the t|me mterval of the faII -

Different lengths of deployrhent‘ o

Meets OSHA and ANSI reqUiremehts

Yates Screamer/Shorty
Activation: >2kN (450 Ibf)
System Peak Loading Reduction 3-4kN
Runner Strength: 26kN (5,850 Ibf)



Etrier and Daisy Chain

Etrier (Aider) Typically used as a ladder on the
stokes basket for the litter adjunct/attendant

Made of 1-inch (25-mm) mil- spec tufbular web
and designed specifically for rescue, the etrier

IS superior for litter tendlng and other vertlcal
activities. The four steps are stn‘fened for -
easier foot entry. and abrasmn protectlon The
top hand grip alds balance when moving up or”j;;-'_
down a tender I|ne The etner Wlth Tie-Inhasa
3-foot (91-cm) multi-loop strap (Daisy. Chaln)
which can be attached to. a harness as a

safety backup.

Different lengths available. 4 and 5 steps are
most common for rescue.

Meets OSHA and ANSI requirements

5,0001bf mil-spec STD858




SO

Hardware

Rigid equipment that includes but is not limited to:
Carabiners
Screw Link Connectors
Descent Control Devices
Ascent Devices
Pulleys

1/ e



Carabiners

A carabiner is a specialized
type of shackle, a metal loop
Minor Axis A with a spring-loaded gate used
to quickly and reversibly
'AAconnect components most

4 notably?"-trr ;safety-crltlcal

Sleeve
(Screw)

Spine—

Saddle

Note: Avoid Side
Loading!

Major Axis (Y AXIS)

Rivet Pin

Note: No Hard linking!

(connecting 2 carabiners together)
General Use Performance Requirements

40 kN (8,992 Ibf)




Non-Locking Carabiners

Note: Never use Non-Locking
carabiners for rescue operations!




Carabiner Strength

Carabiner Strengths

- &)

Major Axis Strength Gate Open Strength Minor Axis Strength
Light Use Light Use Light Use
6,069 Ibf (27kN) 1,574(7kN) 1,574(7kN)

General Use General Use General Use |




Different Carabiner Shapes

A good choice of carabiner shape can increase ergonomics and security
for certain applications. |

The shape of »thgé-?k-cfa'fabine.r_frémei_ﬁas an'vinﬂueh_‘qg on

* major axis strengt?”
* load dlstrlbutlo

- gate openlng ’slze nd ’capamty

- strength'in certaln_;p-osmens

- ease of handllng "

Another less obvious effeét IS thé' balance of the carabiner itself: for
example pear-shaped carabiners rotate more readily, which can result in
poor positioning. D-shaped carabiners tend to stay in place better.




Carabiner Shapes

Oval

Symmetric shape for even
loading (devices with a
large attachment hole,

pulleys...).

Directional
carabiner

Two separate attachment
areas to optimize loading on
the major axis, for specific
uses.




Carabiner Shapes

OMNI
multidirectional ¢ 1 Pear
carabiner ¥ High capacity, for

connecting multiple items

Specific shape suited to .
or bulky items.




Carabiner Shapes

Wide opening
carabiner

Wide opening facilitates
attachment to anchors,

D

Positioning of the load in
the strongest axis, closest
to the spine side of the
frame. Suited to simple
loads (connection of
devices, attachment to the
anchor...).




Screw Links

For use in situations for which carabiners
» are not recommended such as when tri-
aX|aI Ioadmg cannot be av0|ded

Note: A Delta link can be used anywhere a
Carabiner can be used.

General Use Performance Requirements
40 kN (8,992 Ibf)



Pulleys

A mechanical device used to
Side Plate transfer mechanical energy.

It is a wheel on an axle or shaft
_;_that is deSIgned to support
~movement and change of
 direction of a taut rope.

General Use Performance Requirements
36 kN (8,093 Ibf)

Note: Sheave tread diameter should be 4x
the diameter of the rope

Example: ¥2 Rope x 4 = 2 inch Sheave




Pulley Types
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Pulley Types
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AZTEK Pulley Kit

AZTEK, Inch-worm or Set Of Fours (SOF):

-+ Personal Mechanical Advantage kit that can be
-conflgured asab:lor4: 1 with a re-direct by just

~rotating the system

~+ used as a pick off

= Adjustable dlrectlonal

high directional guy. I|ne

~+ high angle attendant tether

i ;'h|gh angle litter scoop

Ioad release hltch

Each. puI-Iey‘is color coded to match with a
corresponding prusik for quick identification.

General Use Performance Requirements
36kN with top Prusik (8,093 Ibf)
30kN with bottom Prusik. (6,750 Ibf)
18kN when tested only on one sheave, no Prusik. (4,050 Ibf)




JAG System

Haul Kit:

-+ Personal mechanical advantage kit for pickoffs
-+ Making a releasable anchor
oy TenS|on|ng a system

4 F1.~,.a.lm_echan|cal advantage and excellent efficiency
. (sheaves with sealed ball bearings). The collapsed
~ Kkitis hlghly compact allowmg it to be used even
;when the dlstance to the anchor is very short.

JAG SYSTEM

The» h‘au.' end is co-Io’r'-coded" for'instant identification.

Technical Use Performance Requirements Q
MBS 16kN (3,600 Ibf) Working Load 6kN (1350 Ibf)




Brake Bar Rack

Aluminum and/or Steel Bars
Variable Friction
. Will not twist the rope
A 'v,The flrst three bars do most of
s ;-;.,':';-‘_;the work e
L sed for Ionger rappels or
j‘i‘f‘;-:jr:;'-iIowers i
Better for heawer Ioads
- 'Industry Standard for Lowering

. Can be “Locked Off

General Use Performance Requirements
22KN (4,950 Ibf)




U Bar Rack

Aluminum and/or Steel Bars
Variable Friction
. Will not twist the rope

e | ,The frrst three bars do most of
i -j"{__;_;..{f‘-iz:-Used for Ionger and heavrer
~ rappels or lowers .
. Better tharr Brake Bar Rack for
'heaV|er loads

Can bé »“Locked Off’

General Use Performance Requirements
22KkN (4,950 Ibf)




CNMC 3D

General Use Performance Requirements
22KkN (4,950 Ibf)

Aluminum and/or Steel

- Variable Friction
- Will not twist the rope

. Used for Ionger rappels or
e Iowers -

AL?-"',.;?:;{_-‘T;?'Can be “Locked Off”




Scarab

General Use Performance Requirements
22KkN (4,950 Ibf)

Stainless Steel

- Variable Friction
- Will not twist the rope

. fosed for Ionger rappels or
: Iowers -

...:-;,.‘_:.';-Can be “Locked Off




Figure 8 with Ears

General Use Performance Requirements
22KN (4,950 Ibf)

Aluminum or Steel

Avalilable with or without ears.
(Ears prevent glrth hitch)

. leferent 3|zes ,

. Wil twist the rope
~'-‘";_:;D|ff|cult to vary the amount of
;;’fnctlon apphed to the rope

Should not be used if descent
" is further than 100ft.

- Control is dependent upon the

friction against the rappeller’s
hip and the squeezing of the
brake hand.




Figure 8 (Speed 8)

Light Use Performance Requirements
13.5kN (3,038 Ibf)

Aluminum or Steel
Different sizes
Will twist the rope

. Difficult to vary the amount of
. friction applied to the rope

- Should not be used if descent

isfu rther than 100ft.

Control is dependent upon the
- friction against the rappeller S

* hip and the squeezing of the
~ brake hand.

. Will Girth Hitch if overloaded




Petzl 1.D. -

General Use Performance Requirements
22kN (4,950 Ibf)

Allows for variable friction
Anti-panic function/
“G” rating.

Accommodates 11.5-13mm
.. rope b

'+ Can be used as an inefficient
~ pulley (25% efficiency)

ff"WlII pass whlstle test.

&



MPD (Multi-Purpose Device)

General Use Performance Requirements
22KkN (4,950 Ibf)

Lower & raising capabilities
Rope-grab mechanism
‘G’ ratmg

. Fewer Components
ooy ]_’Faster nggmg
_ + Quick Changeovers
*_5"‘""’::_{;.'?'81mpllfled Tralnlng
. Lower Risk
e AL ClaSSIerd as a pulley,

_ descent control device and

belay device

~Will pass whistle test

&



Traverse 540° Belay

General Use Performance Requirements
22KkN (4,950 1bf)

Lower capabilities
Fewer Components

- Faster Rigging

5 ;,.Slmpllfled Training

="'-7,.1Lower Risk
W|II pass whlstle test




ATC (Air Traffic Controller)

Light Use Performance Requirements
13.5kN (3,038 Ibf)

Lower capabilities
Fewer Components

- Faster Rigging
i ;,.Slmpllfled Training
'~"_-7,H|gh Rlsk '
Wlll 1ot pass whistle test
. Single Person Load (300lbs)
. Originally the “Air Traffic
~ Controller by Black Diamond.

Every similar device created

_since gets the “ATC” name

by association.




Rigging Plate

Aluminum or Steel

Utlllzes one anchor point for
. multiple operations.

- Allows for clean rigging

General Use Performance Requirements
36kN (8,093 Ibf)



Rope Grabs

Light Use Performance Requirements
13.5kN (3,038 Ibf)

Aluminum or steel

Travels and grabs well on wet

‘ Q’m“dd}}’ ﬁlepes

;Spr Ing Ioaded or free running
;}i;;;ve rsnons |

"Shbu_ld‘i HOt bé used if there is a
* potential for a shock load.

. Can d'amage the rope at high

forces




Ascenders

Light Use Performance Requirements
13.5kN (3,038 Ibf)

Aluminum or steel

Travels and grabs well on wet
Or muday fopes i

~«Spring loaded or free running

. Should not be used if there is a
~ potential for a shock load.

. Can damage the rope at high

forces




Petzl ASAP & ASAP’sorber

Mabile fall arrester with locking
function (If Applicable)

Designed to facilitate handling
-during rope ascents. In normal
_use, the device moves freely
-along the rope without any
“manual mterventlon and follows
fthe user in all his/her movements.
In case of shock or sudden
-‘Imovement the fall arrester locks
‘on the rope and stops the user.
“ASAP Lock has integrated locking

function allows the user to

immobilize the device in order to
reduce the potential fall distance.

Technical Use Performance Requirements
13.5kN (3,038 Ibf)

General Use when used with ASAP’sorber on Static Rope
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Swivel

Keeps rescue systems from
binding

_ - Minimizes rope to rope friction
- on mechanical advantage

b VAiI’oWs‘.fo'r' wide range of
movement for rescue package

General Use Performance Requirements
36kN (8,093 Ibf)



Load Cell

General Use Performance Requirements
36kN (8,093 Ibf)

Facilitates "in-line" use in rigging
systems

Swivel attachment points diminish
potentially dangerous torsional and

- off-axis forces

Features two sampling modes.
. "Slow" for monitoring and "Fast"
~ for drop- testing

. Record and download graphs of
_ events (Enforcer app required.

' Sold separately.)

. Measures force in kg, Ibf, and kN

Max Reading: 20kN
Accuracy: 2%
Length: 8.0" (203mm)






General Information
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in a rope, a
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ds together.

ies a loop
is tied around an objec
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tch
bend t

A knot t

Fast rule
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Knot Craft Terminology

Terminology

Characterlstllc.‘» ._of"a' Good Rescue Knot

Working end
Standing end (Bag end)
Bighty i e ™
Loop ;5%;?,:. -

Easily Recogmzable

Very Strong

Task Appropriate

Easy to Tie

Easy to Untie

Has a Safety (If Required)

ah
)
3
" P v—— k
B ¢ ]
s et |

— Working End

Standing End _ <




4:1 Rule

4:1 rule refers to the efficiency of rope during bending. If a rope is bent
around an object at least four (4) times its diameter, there will be no loss
of efficiency due to bending. The “tightness of the bends” determines the
efficiency ratings. of knots Note: Most rescue . knots have a 20-10-28%
efficiency Ioss A , - -

=
A ey

Example: To prevent efﬁuency Iess wrth 1/z lnch rope the knot must have
no bends smaller than 2-|nches Anythlng Iess than 4 tlmes the diameter
IS conS|dered an acute bend B L

Although not 'po‘s"sfipfeﬁ'v-\‘/'n'en'}ty‘ing most knots, this rule must be followed
as much as possible (ropes over square edges, ropes through pulleys,
etc.) ~

Important: In order to maintain maximum efficiency (strength) of ropes
and rope systems, avoid acute bends! The sharper the bend, the greater
the efficiency loss.




Knot Efficiency

When a knot is tied in a rope, it causes a weak point at the knot due to
excessive bending. This weak pomt is called attrition (Loss). A Knot will
either:

Creep_f:rs,t-_and then' Sllp"l-lf enough tension is applied
X v Capsnze

The strength of t-e,roe left |s called efﬁcnency thls is what we look for in
Rescue knots. We want Low Attrltlon and ngh EfflClency

Example: 15" Kernmantle Rope MBS 9 OOOIbf (End to End)
Figure 8 on a bight = 80% Efficiency

9,000 x 80% = 7,200Ibf (72" Kernmantle rope will break at
7,200Ibf if a Figure 8 on a bight is tied. It will most likely break
at the knot.)




Knot Failure Terminology

Creep: When a hitch is tied around another (Primary) rope or object and
begins to travel the dlstance of the h|tch due to tension. This happens prior
to slipping. e

Slip (Slide): when enough tenS|on |s applled to a hrtch to aIIow it to travel
further than the W|d”"‘""ff:;g-;the hltCh _usually resultlng in some type of
(Primary) failure. In knotsfithat are meant o grlp other objects, failure can
be defined as the knet mevmg relatlve to the grlpped object. While the

knot itself does: not fa1l |t ceases to perform the deS|red function.

Capsize: A knot that has '_eap's_i'zed has _defo‘rmed into a different structure.
This happens when the knot rolls over itself. When the load creates
tension that pulls the rope back through the knot in the direction of the
load. If this continues far enough, the working end passes into the knot
and the knot unravels and fails. A reef knot, when misused as a bend, can
capsize dangerously.




Knot Failure Terminology

Spill: Constant strain and slack can cause ropes to untie themselves.

Break: Knots weaken the rope in WhICh they are made When knotted
rope is stralned to its breakrng pomt it almost. aIways fails at the knot or
close to it, unless the ";repe is defectlve or damaged elsewhere. The
bending, crushlng, _hafrng forces that hold a knot in place also
unevenly stress rope bers.-,__and ultrmately Iead to a reduction in strength.
The exact mechanisms i't'hat cause the Weakenmg and failure are complex.
Relative knot strength also called knot effrcrency, is the breaking strength
of a knotted rope in proportlon to the breaklng strength of the rope without
the knot. , - »




Rescue Knots

Overhand (Simple) Family: Bowllne Family.

. Overhand (Safety) . Bowline (Inside)
Double Overhand (Stopper) - Bowline with Yosemite Finish
Sleccijjelle Knot (Poacher S) - Doubled Long Tail Bowline
Water Knot R lDoubIe Bowline

Flat Overhand (EDK,) ;

p e ;’Water Bowlme ,
Overhand on a Bl )} A

Double Overhand ‘_.‘__.,",'._;?OW“”e ona B'th
Overhand FO”@W Through . Triple Bowllne

Double Flshermanv stend }'-";’Ai;ibcuble Bowllne on a Bight

Figure 8 Family: A

. Figure 8 (Stopper)
Figure 8 on a Bight

Figure 8 Follow Through
Double Figure 8 on a Bight
Figure 8 on a Bend
Directional 8 (In-Line 8)




Rescue Knots Continued

Butterfly Family: Hitches:

. Butterfly Ly . Tensionless Hitch
Double Butterfly .. Girth Hitch
Threaded Butterfly . Double Girth H|tch

ButterflyonaBend =~ . Clove Hitech .
Butterfly on ,a_ Blghtf;,{ : CEbi oA ;:Pru3|k Hltch (Trlple Wrap)

Itter "‘_Asymmetrlcal Prusik Hitch (3-on-2)
;I?kurcell Prusik Hltch
2 -'Munter Hltch
Square Kno o Super Munter Hltch
Surgeon’s Knot o '~‘f‘;-?f_,_fHandcuffs (erstlets) Hitch
SheetBend . Mariner's Hitch
Double SheetBend = . Load Releasing Hitch

v A e Daisy Ghain
Lobster Talil

Reef Famlly



Knot Tying

While there are many knots available to reSCgt'eﬂ"S~,
that are applicable for most situations. The foll
“‘good cross section” of the most pop

er a few knots
represent a




Steps in Knot Tying

Tie: Tie the knot Systematic'ally and' uniform every time.

Dress: Keepthe_ropes free of tW|sts Iegs runmng S|de by—S|de

ld be pulled tfght (|n the d|rect|on it will
ovement whenplme is Ioaded

Load: Oncetle 101 she
load) to aveld an accidental

Safety Refers ecuring an'y Ioo‘se ends ’ If knot has a loose end
(tail), it should be secured using a safety knot |f appllcable

Practice: Most lmporta‘nt;eoncept l'n tylng knots... Practlce!
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(6,300Ibf Rope)

(2,800Ibf Webbing)
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Prusik Hitch

For hauling (haul cam)

Used as a progress Capture dewce
(ratchet cam)

ST I 4

Efficiency = 1,200Ibcreepage 3 400s!iP >
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Note: Ensure the bag end of the rope is
running on the spine of the carabiner
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3:1 Radium Release Hitch

To relieve tensi
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Anchor Definitions

Anchor
An Anchor is a general term for the combination of everything combined.
Single connection point (e.g. tree, boulder, camming device, etc.).

Anchor Point - v~ |
An Anchor Point ISE smgle object or component used either alone or in

combination with others ) C reate an anchor system capable of wrthstandlng
a S|gn|f|cant force e Canata

Anchor System B e Taaah . i e
An Anchor System is one or: more anchor pornts connected in order to
provide a secure connectlon Multlple anchor pomts rlgged together creating
a redundant system.

Deviation
Redirects the natural fall line of the rope on the rock face. A deviation point
may or may not to be subjected to the same force as the primary rig point.



Anchor Definitions

Directional
Rigging technigue to change the natural line of a rope with a carabiner or
pulley attached to an alternative anchor.

Focal Point - : -

A location, floatlng gr flxed where aII rlggmg is dlrected for anchor points.
This concept d|SC|pI|nes rescuers to construct rlgglng which joins together at
an efficient point, rathertf’f’ian unwrttmgly resortlng to wherever the knot that
joins all anchor pomts-;ends up due to the. Iength of material used; the latter
can resultin an aWkward spot to manage rope handllng tasks

mind. Though a smgle bombproof’ anchor may be strong enough to support
an entire rescue system, including multiple load bearing lines, we may still
build a second anchor for convenience and cleanliness and to allow more
workspace for rescuers. Rescue systems are often more efficient and easier
to operate with redundant load bearing lines rigged on separate anchors.



Anchor Definition

Anchor A structural system or single
;}?i-"*o,mponent capable of sustalnlng a load.

W -i;l-l'“n'o*t;fai.l-!
jill not move!

Artificii‘éﬂ;: Manmade 'Objects, including
Buildings, Vehicles, Pickets in soil, &
techniques in ice.



Anchor Definitions

E - Equalized

In a system with multiple anchor points or multiple strands of anchor
material, the various components of the anchor system should bear roughly
equal parts of the load. Self-equalization is not reqwred Pre-equalize the
anchor for the antlolpated dlrectlon of pull. '

R-Redifdnt e - ;

Failure of any one component of an anchor system should not lead to
complete anchor faJlure For example construot the anchor system so that if
one strand of software |s severed at Ieast one addltlonal strand capable of
supporting the Ioad WI” remarn rntaot e - '

N - Non— Extendlng ;

Failure or shifting of one element in the anchor system should not cause
significant movement of the load. This is why we fix and focus our multi-point
anchor systems and why we generally avoid self-equalizing anchors. The
location of anchor points relative to one another is also a factor in this stage
of anchor system analysis. Failure of one anchor point should not result in
excessive swinging of the load toward the remaining anchor point or points.



Anchor Definitions

S — Solid

Choose the strongest available anchor point. If no single anchor point seems
strong enough then comblne multiple anchor points until you are confident
your anchor system is strong enough Build your anchor with materials at
least as strong as the weakest pornt |n your system

B Tlmely
Balance the need to

U 5:“i‘"’t;|th_the need to reach your patient as
quickly as possrbl’l better e



Single Point Anchor

Within a Slngle Pomt An'chor




. sareeither non-
‘necessitating the

o




Types of_MuIti-Point Anchors

3:1 MAs, AZTEK's.
are examples.

3. Load Sharing Anchor .Sys;t‘erhs'.w

4. Load Distributing Systems.



Shared & Distributive Anchors

Specified Multipoint Anchors

~Load Sharing Anchors (LSA) are theoretic
in the distributive attributes. They’re clean
-'land generally efflclent The point of
_f__j_;disproportlon happens at the pomt when a

{_tended for. So If there

ie IS : ere the load could shift,

don' ‘?-'..»f}j;':_’ibut rather something

et [_f*more accommodatlng That said LSAs are

~~the preferred Multipoint Anchor. They
“cleaner, faster, non- -extending, safer and

have a greater operational application that
LDAS.




Load Distributing Anchors

Load Distributing Anchors (LDA)
are similar to its Load Sharlng
cousin, but differ at three pomts (

A Slngle plece Of:jmatenal to _ '
-connectano’ DOI R

Will theoret ca_

Should an an‘f; o,
redlstrlbutlon sh ,_ remams |

Bombproof Multlple Anchor Points



Extensions, Back-Ties &
- Redirects

correct t'han hastlly dohe a’rj'\’d wrong.

Opposing Anchors on AHD



Natural Anchors

Natural anchors, such as trees and blocks of rock, can make good anchors
and help you conserve other gear. However, you need to assess the
integrity of these features before incorporating them in an anchor system.

Trees: Before you use a tree, check to make sure it is alive, well-rooted and
solid. Be susplcmus of trees growmg out of cliffs and always test a tree by
pushing against it. A good rule is to only use a healthy tree that is at least
12-inches in dlameter Te use a tree as an anchor point, you can circle a
runner around the base of the tree and cllp the ends together with a
carabiner. c Lok R ~ |

Rock features such as horns and chockstones (a stone that's tightly
wedged in a crack) are frequently used as part of an anchor. When
assessing the integrity of these, check to make sure they are solid and well
attached. Look for brittle rock and cracks that indicate a weakness. With
horns, you can loop a runner over the top and clip it to the rope. To attach
the rope to a chockstone, circle a runner around the feature and clip the
ends together with a carabiner.



leed and Removable Anchors

Fixed anchors are any type of artificial gear that
once placed is left permanently “fixed” to the
rock. To attach the rope, you clip quickdraws or
runners to the gear. Two common examples of
fixed anch’Ors are bolts and' pitons.

?;Just as wrth natural anchors fixed anchors need
to be assessed for S|gns of weakness. If you see
""-‘;cracks or. excesswe corrosion or wear, the fixed
'gear may not be trustworthy If the bolt or piton
moves in any dlrectlon don’t use it. Be wary of
o_ut-of-date gear, especially Y-inch bolts and
sheet-metal-style hangers. The current standard
bolt size is 3/8 to 72 inch in diameter.

Removable anchors, such as cams and
stoppers, are used where natural and fixed
protection are not available.




Passive Protection Anchors

size 7 is considered a |
micro nut and should not
be used in Rescue.

Nuts, the mainstay of passive pro, have many
alternative names, including chocks, stoppers
and tapers. All of these terms for basic passive
pro refer to some variety of a tapered metal
Wedge attached to a ere cable that has a loop
on the end | G

_'ffThe Wedge gets sllpped |nto a crack and the
%other end gets Itnked to an anchor. The wedge is
- 'englneered to jam solldly into place when a load
Generally, any nut below is placed on the nut’s wire. Some nuts also have
~ cutout areas for better fit on uneven rock

surfaces

Nuts come In sizes ranging from 1 through 13.
Exact dimensions for each size vary slightly,
depending on the nut maker and the nut shape.

=



Passive Protection Anchors

Hexentric: A hex can be used in both tapering
and parallel-sided cracks, as well as widening
cracks. An asymmetrical six-sided tube, a hex is
placed like a nut: directly into a narrowing section
of the crack. A downward pull on the wire rotates
the hex and wedges it tlghtly in the crack. This
;rotatlonal placement allows it to get a secure
-':{_held in _a—:p_a‘rallel SIded crack '

'Trl Cam can be placed |n a paralIeI -sided crack,
‘ pocket ora horlzontal crack Rounded on one
sl,,de and having a point on the other, it's useful in
cracks that are too large or straight-sided for a
nut to hold well. Unlike a spring-loaded cam, it
has no moving parts. A tri-cam is placed directly
Into a crack and cammed into place. Force
applied to the sling rocks the curved edge and
forces the point into the rock.

=



Active Protection Anchors

Cams: (Friends) typically feature three or four
curved pieces of aluminum, called cam lobes.
When you pull the spring-loaded trigger wire,
these chunks of metal retract and make the
device narrower. This allows you to slide the unit
inside a crack. When you release the trigger, the
We cam Iobes expand to f|t the rock.

Sprlng Loaded Wedges These pieces of active
protectlon have a small sliding piece that
expands the. size of the wedge once it is placed
in a crack. Similar to placing a cam, you pull the
spring-loaded trigger to retract the sliding piece,
: place the wedge into a narrow crack, then
B release the trigger to allow the sliding piece to
return to its original position.

=



Anchor Systems

el

Check for sharp edgesand
pad when necessary
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Common Configurations

One-Inch Webbing Anchors: Minimum Breaking Strength of Common Configurations

Redundant
Wrap 2, Pull 1

Redundant

Webbing . : i
Girth Hitch Single Loop Wrap 2, Pull 1 Double Loop

Strength Wrap 3, Pull 2 Basket Double Loop

90°Internal Angle ~ 90°Internal Angle  90®Internal Angle  90°Internal Angle  90°Internal Angle  90°Internal Angle  90°Internal Angle

4,340 (19.31) 4,799 (21.35) 4,832 (21.50) 7,777 (34.59) 7,899 (35.14) 8,464 (37.65) 8,716 (38.77) 9,700 (43.15)

s
52
ER:
2

6,000 (26.00) 8,776 (39.04) 6,130 (27.27) 8,098 (36.02) 10,786 (47.98) | 10,507 (46.74) | 12,989 (57.78) | 10,538 (46.88) | 11,458 (50.97)

Flat Web
Ibf (kN)




Anchor Angles and Forces

The horizontal spacing between anchor points and the length of slings
that you use to connect the points are critical in creating a reliable
anchor. This is because the amount of force applied to each anchor
point depends on the angle formed by the slings coming together. The
smaller the angle the less force each anchor point will receive, and
conversely, the Ia”rger the angle the more force each pornt will receive.

For example in e tw f',_plece anchor wrth an angle of 60 degrees each
anchor point recelves 58% of the force 'Increase the angle to 90
degrees and the force on each ramps up to 71%. An anchor with a 120-
degree angle, dlstrlbutes 100% of the force to each anchor point.

In order to keep theforce on each anchor point from reaching
dangerous levels, the angles formed by the sling or slings in your
anchor system should never be greater than 60-90 degrees. This
doesn’t mean that you can't use anchor points that are spread far apart
from one another. To create an angle that’s less than 60-90 degrees you
can extend the anchor points with long slings or 8mm Accessory Cord.

=



Rigging Angles

In Rescue, it iIs common to create a centralized anchor while sharing two
anchor points. There are many reasons why we would use two or more
anchor points; sometimes this is because the anchors are not exactly
where we need them to be and other times it could be because the
anchors are . per(;elved as marglnal” Although it is ill-advised to use
marginal or questlonable anchors unless they are backed up sufficiently,
the followmg InfermatJon should help you in pre determining how much
stress you are: actually applylng to the anchors durlng a rescue evolution
before they are Ioaded " BB e R

Many rescue |nstruv(i':'{t0'rs, _jfl_rms, and -i'hst-i_tfu-ti-o'n‘s,._ may. refer to angles as
“Ideal”’, “Yes”, “Cautionary” and/or “Terrible” angles and this quick
overview may help further explaln and/or challenge your understanding of
these meanings.



ritical Angles

RIGGING CALCULATIONS : RIGGING ANCHORS

Projected Load Line
" “Projected Load Line

@
e~ Ay
“ ©

100.Lbs 100 Lbs

Field Calculation: Field Calculation: Field Calculation:

Yes Angle (Y)
90°

Ideal Angle (I) Yes Angle (Y)
30%r less 60°
Note: Be Mindful not to let the load shift Left Note: Although there is 10% additional stress
or Right. Extremely small variations will add on each anchor compaired to an Ideal Angle,
additional stress to one of the anchors the stabalization of the load Left or Right
is far less critical.

Note: The 60°difference between
30°and 90° angle increases
anchor stress by only 20%

BALANCING LOADS

Projected Load Line

Field Calculation:

Cautionary Angle (C)
120°

Note: If you disect the circle by both the
anchors and by the load line, you see that
all 3 sections are equal. If all angles are
equal then all loads must be equal. Any angle

HIGHLINE TENSION

100 Lbs

Projected Load Line

= P Tt

Field Calculation:

> 120° is classified as a (T) for Terrible angle.

TRY NOT TO EXCEED THIS _Spanxload _
ANGLE WHEN RIGGING! (4) x Deflection Anchor Lbs

@) x 1t

10 Ft Span

100 Ib Load

10% Deflection of span
250 Ib Hit on the Anchors

TIME OUT - Terrible Angle (T)
150°

Note: The following rigging calculation
must be applied. Try to achieve 10% Deflection
based on span. (10% of Span)

10ft x 100lbs 1,000 _ 250 Ibs
4




30 “Ideal” Angle:

30° “Ideal” Angle: An “ldeal” angle is an angle that is between 0° and 30°.
What makes the angle considered to be “ldeal” is that the weight of the
load is split evenly between both anchors. For example, a 30" load holds
approximately 50% of the welght In the dlagram you can see how a
100lb load only has 50Ibs on each anchor which is 50% of the 100lbs. If
there was an “S” type load cell*. on each of the anchors connected to the
rigging, you could see_ the results as you modlﬂed the angles

A challenge to the ldea of the angle belng Id..eafl flsthat if there is a slight
shift of the load, the_anchor opposite oftheloa’dshift will receive a very
rapid and massive amount of load gain. If the anchor is marginal, it could
result in anchor failure. The easiest way to identify if the anchor angle is
approximately 30° is by making a peace sign with your hand. The angle
between your index (pointer) finger and your middle finger is roughly 30°.

=



“Yes” Angle:

“Yes,” angles are typically between 30° and 90°. The considerations for
‘yes” angles are that there are very insignificant increases in weight to the
anchors but with qwte a Iarge range of angle increase. Overall, as you can
see on the dlagram there is an increase of welght between the 30" and
90° angles of onIy 20% to each anchor This angle range of 50" having a
20% increase to eac_'"' "’;t’:hor rs the prlmary reason for the classification of
“Yes” angles | L85 e OB To et e

These angles are easHy |dent|f|ed due to the Ioad line and anchor lines
looking like the Ietter “Y”. A shift in the load also must be much more
dramatic before add|t|onal anchorstress is achieved.

=



60 “Yes” Angle:

60° “Yes” Angle: By increasing the 30° angle to a 60° angle between the
anchors creates a 10% increase in anchor stress. As seen in the diagram,
the doubled angle only shows the additional 10Ibs per anchor to hold a
100lb weight. The 60Ibs of anchor stress per anchor to hold the 100Ibs is
far more stable than the: ldeal angle if the load were to shift to the left or
the nght Whenever." """SIbIe try and achleve a 60 angle for balancing

A quick field calcuia‘uon for assessmg o5 60 angle is by holding up the
“Hook ’em Horns” hand S|gnal This is achieved by holding up your index
(pointing) finger and your pinky finger while tucklng the two middle fingers
with your thumb. This natural span and the angle is very close to a 60°
angle.
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90 “Yes” Angle:

90° “Yes” Angle: This angle achieves a right angle which is very easy to
identify and verify in the field. You could use a book, or a phone or almost
anything lying around that has a rlght angle in order to visually see this
angle. Also, if you make the letter “L” using your index (pointing) finger
and your thumb you can:also se.evthls angle A 90° angle only places 70%
of the load on each a shor. As seen in the dlagram a 100Ib load only has




120 “Cautionary” Angle:

120° “Cautionary” Angle: The “Shaka” or “Hang Loose” hand signal is a
rough estimation used in.the field for a 120" angle. The reason for this
“cautionary” angle is due to the forces applied to the anchors. At this
angle, the full welght of the load is being applled to both anchors evenly.
In the dlagram it shows a 100Ib ‘weight and both anchors holding the
100lbs. the reason for: ';"lsjf-‘ls a snmple formula. If you dissect the circle by
both of the anchors and the load line; you will see that all three sections
are equal. If all angles are equal then all Ioads must be equal. The
symmetrical tensron on the anchors and Ioad line should indicate that
each of the anchors shouid be able to hold the Ioad by themselves. Never
use ‘marginal’ anchors when rigging in this vector angle range. A slight
change in angle will cause a dramatic increase of stress put on the
anchors. Any angle that is greater than 120" is classified as a “Terrible”
angle. Without a clear understanding of physics, never try and rig outside
of 120" angle.

=
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150 “Terrible/Time-Out” Angle:

150° “Terrible/Time-Out’ Angle: Although most would classify a 150° angle
as terrible, my thoughts are a little different. Under normal circumstances,
| would not try and rig an angle this wide due to the excessive stress
placed on the anehors but in certain apphcatlons they are very useful.
Typically, when applylng these wide angles their uses are not only wanted
but may be very necessary ThIS is usuaIIy the case when building
Highline systems Tyrotean systems or some Offsets My typical name for
the angles is not “Tfrnble” but more Ilke “Tlme out’. The main reason is |
believe you shoutd take the time when bU|Id|ng these style systems and
do the math! Physu:s play a huge role in the fallure of these systems in
every part. These wide angles must be calculated and all equipment
associated with these systems is an integral part of the entire degradation
of the system, but most certainly the anchors. Very flat trajectories yield
very high stressors for the anchors in these systems. | am not saying you
could not build a system that had a 2.5% deflection, but if you do,
understand the limitations of the entire system.



Deflection

Deflection is key when rigging anything beyond 120°.

First, let's assume some basic "guidelines We would be using %
kernmantle static ropes as well as all “G” rated equipment. The load
would not exceed the NFPA two- -person . Ioad of 600Ibs. As all of this
equipment would be rated for the coveted 15: 1 safety factor (9,000Ibs), in
all actuality, we Would be attemptmg to hit a 10; 1 safety margin. A 10:1
safety factor in our systems is more. Ilke a. Holy Grall but with proper
rigging and calculatlons |t could be achleved

Distance x Load

(4) x Deflection Anchor Stress




Real World Application

Estimate the load and multiply it by the distance between the two anchors.

Let's say we have a load .of 400Ibs. and a distance between the anchors
of 100ft. we would multiply the Ioad of 400Ibs times the distance of 100ft
totaling 40 OOOIbs~ Now you can see that the “G” rated equipment would
fail since its ratlngs are around the 9, OOOIb mark. At this point, you should
be looking at “Sag “more’ than anythlng else in ‘order to reduce that
tension. Here is the‘SImpIe way to calculate’ Sag or deflection. If we are
using a single % rnch?kernmantle rope, we would want no less than 10%
deflection: A 10% deflection of the entlre distance between both anchors,
which is 100ft distance, ‘would be a 10ft deflectlon Multiply 4 times 10,
and you get 40. Now, 40,000 divided by 40 equals 1,000Ibs. This shows
that a 400lb load with a distance between anchors of 100ft and a
deflection of 10ft (10% of the distance) would generate a 1,000lb hit on
the anchors.

=



Deflection

As seen in the diagram, we are
using the same formula but a
weight of 100lbs, -a span of
10ft, and a deflection of 1ft. If

these numbers are pluggedv
into the formula, “you can see
that there are 250Ibs | 'fs;i.,forcej_,_;._;_;;:

on each anchcr it

When using this ‘,formula you-‘.v'ff_"f.‘.

are attempting to achleve a
150" angle, regardless of the

scale between anchors. If less

deflection s required,
additional rigging must be
applied to keep a 10:1 safety
factor.

250%

1 Projected Load Line

___________ AL | SR | = (>~ My

250 Lbs

1oo§Lbs

10 Ft Span

100 Ib Load

10% Deflection of span
250 Ib Hit on the Anchors

Field Calculation:

TIME OUT - Terrible Angle (T)
150°

Note: The following rigging calculation must be applied. Try to achieve

10% Deflection based on span. (10% of Span)

Span x Load
(4) x Deflection

= Anchor Lbs

10ft x 100Ibs 1,000



Confined Space Tripod

Load Management Solution

Tripods are often used for access and standby rescue with

- confined space operatlons where a symmetncal unit is setup
. over the top of a hole One of the |egs will often incorporate
a hauhng mechanism attached to a line. WhICh runs up to a
pulley at the ripod head and then down the hole to an
op-erator:__; ,.-..ead is norma[ly hlnged so the feet are
hobbled to prevent them spreadlng In this ‘configuration
everything is stable and there i IS no requwement for guy lines
or anchors. ‘ &




Tripod

Three legged device which
provides an over head lift point .
Adjustable legs to allow set up on
uneven surfaces. Ca‘n be-adjusted
from 6-10 foot, depending on

WP ' el vt l

Avoid S|de Ioadmg

The resultant sheuld fall |n3|de
the footprint of the tri-pod

Do not exceed rated capacity

Added equipment reduces the
amount of head room

Safety line attachments should
be independent of tripod

=



H
Technical Rescue Tripod

Friction Mr’anageme‘nt Selutio’n_

| needs trbe managed outSIde the footprlnt of the trlpod
. ;The foetpnj" & 'A‘V':i,glnary perlmeter Ime that can be




Arizona Vortex

Artificial high directional
systems (AHD),
All-inclusive klt
Precision twwplece head
A-frame with adjustabl'éf?‘- :
leg Iengths T
Gin Pole
A-Frame
Tri-Pod
Artificial high dlrectlonal
Pulleys can be attached

Use with high lines and
tracking line offsets

Rope access

I’OCl‘i%XOthEI

\




TerrAdaptor

Artificial high directional
systems (AHD),
All-inclusive k|t
Precision 3- plece head

Adjustable Ieg Iengths
and Feet Attachments___ .

Gin Pole - "'ﬁ_‘_'
. A-Frame
Tri-Pod ;;;_
Quad- Pod el
Artificial hlgh dlrectlonal
Pulleys can be attached

Use with high lines and
tracking line offsets

Rope access

Quality Gear for Life

Seattle
Manufacturing
Corporation




Crane Operations = Danger

Powered Wlnches and other
power equment such as

Overhead Gantryé:CPanes or
Pickers should not be
to make a rescue,

Forcmg the sy" tem by
pulling harder may resul
catastrophic line failure 5% & o
further injuries to the patient
and/or litter adjunct. '
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Angular Vector Forces

Angle Force on Anchor
0°=200%

30° ~190% e
45°~185% .
. 60° ~17o% il

75°= 160%:
90° = 140% S
120°= 100% " A included
150°= 50% e
180°= 0%

45°










Rescue Fundamentals:

A Tri-Link can be used anywhere a carabiner can be used. A
carabiner cannot be used anywhere a Tri-Link can be used.

Any Haul system 'could be used as a Lowerlng system.
Inverser, a Lowerlng System cannot be used as a Haul
System. e e e o

A Butterﬂy Kne'could be used anywhere a D|rect|onal 8 (In-

Line 8) could be used, A Dlrectlonal 8 cannot be used
anYWhere a butterﬂy could be used. s

A Prusik Hltch could be used anywhere a rope grab could be
used. A rope grab cannot be used anywhere a Prusik Hitch
could be used.

All systems should be abIe to pass a Whistle Test.
All systems should pass a Critical Point Test




Terrain Types (Ground Based)

Rope rescue is defined as any rescue attempt that requires rope and
related equipment to safely gain access to, and remove patients from,
hazardous geographic areas with limited access such as mountains, high
rise buildings, above or below grade structures, by means of a rope
system. Rope rescues are dlvrded |nto two general categorles non-
technical and techrfcal EGI s 5

Non- technlcal evacuatr - thi e"?f‘f of Iess than 40 degree lncllnatlon
Technical evacuatrehs are cenS|d'ered those from 40 degrees to 90
degrees. Technlcal-.,,,evacuatlens requrre the dlspatch of a Technical
Rescue Team. Technlcal rescues wlII be dlspatched as High-Angle
incident. » | |




Terrain Types (Ground Based)

Technical

= Litter Carries

- One Rope Belay Possible

» Rescuers Not Tied To System
* Less Risk

* Majority Of Weight On Ground
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System Type (Arial Based)

Once the decision is made that it is a Technical Rescue, there are 5
categories of Arial Based op‘erations that should be considered. These
categories may change the way the anchors and systems are rigged to
meet the addltlonal forces that WI|| be encountered

0° - 15%: Fall L|ne or Vertlcal Systems These systems use tag lines to
gain a m|nor angle chan o»-r-"CIear obstacles dlrectly underneath the

15 280" (Mlnor)\Offsets These systems use tag I|nes or guiding lines to
achieve a landing zone no more than 30° from the anchor See Offsets
Section ' i 5

30° - 45°: (Major) Offsets — Major offsets usually employ some type of
mechanical advantage system to aid in the angular drop. This is due to the
excessive forces that it takes to get the load that far offset from the anchor,
usually no more than 45°. See Offsets Section



System Type (Arial Based)

45° - 60°: Steep Highlines — These systems are built in the fashion of a
highline, but due to gravimetric forces, more anchor stress is on the
elevated anchor than the lower anchnr due to the control line also lowering
the load. See nghhgnes Sectlon S o

60° - 90°: nghlm_es-» 2Se
of physics as well as




System Type (Arial Based)

300 Foot or Higher
Extreme Highlines
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Extreme Height Systems

Due to the length of the ropes that are typically deployed in the field,
additional precautions may need to be addressed if the operations
are hlgher than 300 foot .

Vertical system& 300 foot cr taIIer are cIass1f|ed as havmg multiple
changes in the fall I|ne Thls;ls because resettmg or knot passmg
must be empleye to ;;;_;.»;f.’ > th _j_i}h,aul cr Iower

are taller than 300 foct a_.__' classn‘" ed as Extreme
nghllnes due tc: """"l}lar sﬂuatrcns such as knet passmg that could
occur durlng reevmg“operatlcns B U




Rappel

To descend by sliding down a rope passed under one thigh,




Rappelling

2



SO

Rappelling Commands

Quiet!

Safety ready? — Ready

Belay ready? — Ready

Rappeller locked off and ready? - Ready
Load the line.

Transition the edge

On the Ground — Acknowledge

7/



Belay:

The method by which a potential fall distance is controlled to




Bottom Belay

For rappelling only!

"v‘Main' Iihe is positioned around




Pick Off:

Abseiling to the stuck person, attaching them to ydur;;sabSeiI device
and then removing them from the rope(s) to wh1ch they'a're attached,




Pick Offs

- The transferring of the victims
welght onto the rescuers rope

Use the approprlate decent
___to'ntrol deVIce




Ascending:

The act of climbing a fixed rope with Prusikflb‘o;ps
ers .

or mechanical rope




Ascending




Climbing:

Climbing is the activity of ascending, especially with the aid of
ropes and special equipment. The concept is to reach an end
point, or a summit, of a structure usually at or above a patient
(victim). This can be done with specnflceqmp ment ;-fdependmg







Protected Climbing

Rescuers may come across a situation where they cannot reach a victim
stranded on a manmade structure with their ladders or they are unable to
be lowered from above. In these situations, the rescuer must climb the
structure in order to gain access to the victim and set up an anchor or
directional change for thelr rope rescue system :

The rescuer must maln" ’_“ftwo pomts of contact wrth the structure at all
times for safety reason ;_-,.__,At a minimum, the rescuer must carry a drop line
long enough to reach the ground from workrng herght This drop line can
be used to hoist a main line, belay line, ‘and any other equipment needed
to package and lower the V|ct|m to the ground. If the victim is not secured
to the structure, the rescuer must also carry a victim harness and any

equipment needed to secure the victim to the structure.



Climbing Commands

The following are standard commands between climber and
belayer, from the beginning to the end of a pitch. This example
involves a female belayer and a male climber.

Climber: That's me! The belayer above is taking in all the
slack rope before putting it into her belay device. The
climber calls this when he is tugged by the rope from
above, indicating that there is no more rope to take in.

Belayer: Belay on! The belayer is anchored in and has the
rope set up through her belay device. She calls this
command to let the climber know she's ready to belay.

Climber: Slack! The climber needs extra rope in order to
make the first move or to finish taking apart his belay
anchor.

SANNNNNNNNNN
1/ =
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Climbing Commands

Climber: Up rope! The climber no longer needs the slack in
the rope. Asks belayer to take it in. (This can be used at
any point in the climb to signal to the belayer to take up
slack.)

Climber: Climbing! The climber signals that he is ready to
start climbing.

Belayer: Climb on! or Climb! The belayer again signals she
is ready for the climber.

Climber: Watch me! The climber is making a move in which
he might fall. Asking the belayer to be ready to catch him.

717/ =

Climber: Tension! Same as above.
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Climbing Commands

-~

Climber: Falling! The climber is falling and putting sudden
stress on the rope. Belayer should have the rope locked off
and be braced for any shock.

Belayer: Halfway! The belayer lets the climber know that he
has half the rope's length left to use.

Belayer: Feet-three-oh! four-oh, etc. (30 or 40 feet of rope
left.) The belayer lets climber know how many feet of rope
are left for him to use.

1////777/7

Climber: Off belay! The climber is tied in to the structure
with a personal anchor and no longer needs the belayer.

Belayer: Belay offl The belayer has taken the rope out of
the belay device and is no longer watching the climber.
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Climbing Commands

Climber (rappeller): On rappel! Lets people below know to
get out of the way of loose rock and to be ready to grab the
end of the rope if necessary to stop the rappeller.

Rope! Anyone at the top of a structure calls this loudly after
looking for a clear space below to throw the rope for a
rappel or to send the top rope back down.

Heads Up! Anyone calls this loudly and repeatedly when
stuff is falling until everyone is out of the way.

Take! Used by the climber at the top of a route, it asks the
belayer to take the climber's weight on the rope and lower
him down. Take is not used in traditional climbing since the
climber is not lowered, but rather expected to anchor in
before being taken off the belay.

1/ =
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Climbing Commands

At times you'll even be out of hearing range of your climbing
partner. Background Noise can make verbal communication
difficult or sometimes impossible.

Use names to avoid confusion when more than one team is
within earshot. For example, "John, on belay!" or "Anne, up
rope!"

Agree on rope signals when voices can't be heard. Some
climbing partners have a system of tugs on the rope to signal
their intentions. These are sometimes hard to feel on long
routes and aren't always totally reliable.

Use 2-way radios for clear communication on long routes or
very windy conditions when you can't hear each other. They
can be particularly useful in emergency situations when a lot of
information needs to be conveyed back and forth.

Most importantly, decide on a system with your climbing
partner before you leave the ground!

1/ =






Lowering Systems:

A rope rescue system used to lower a load under control




Lowering System Overview

Vertlcal <
. Horizontal: = B
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Tandem Prusik

Cé"n'.-e;-'u'sed for both one
0 person loads.







Brake Bar Rack

With Prusik Bypass

Can be used for both one and two
person loads.

o Ifafal -_shou'lgd.féccur the operator
~_must activate by “Braking”.

- Should Not be used as a lowering

~system on anything vertical without

~_prusik bypass. Will not pass a
~whistle test without it.
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SO

Lowering Commands
Quiet!
Safety ready? — Ready
Mainline ready & locked off? — Ready (Locked off)
Rescuer ready? — Ready
Load the line
Transition the edge
Lower

Stop

7/






Mechanical Advantage:

The amount of force that is required to move a load and is expressed
in the terms of a ratio of output force to input force.

Input force = (Haul Slde)
Output force = (Load
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Directional

=

Pulley Types

Traveling
Pulley

point)

Directional Pulley — Changes
the direction of the rope
(Usually attached to an anchor

| TravellngPuney-— Creates
e MeChanlCal Advantage
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Progress Capture

Placed at the anchor pulley

Used to hold the load if tension is
relieved off the haul system

'._'Wil-l:ial.lo‘.vf\ifithé ‘Sy'st_e‘m to be reset if
- pulleys collapse together

oy :;’Alzé'onreférf‘e_dv as Ratchet Cam

Software Cam Example : Prusik

Hardware Cam Examples: Rope
Grab and/or Ascender




Prusik as Progress Capture

Travels and grabs well on dry
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mag }t’he rope mantle
it higl forces |
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Light Use Performance Requirements
13.5kN (3,038 Ibf) to double performance
Add a Tandem Prusik
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Haul Cam or Haul Prusik

Utilized to grab rope

. Software-'Cam Example :
o Pasiice
-+ Hardware Cam Examples:
-~ Rope Grab and/or Ascender

Traveling
' /Pulley ‘ 80 to haul cams
7y Haul Cam ’

’ Or Prusik
-

T"r'a'vél'li;ng' pulleys are attached




Advantage vs. Disadvantage

If you are pulling against the Disadvantage
anchor, the system is rigged |

to disadvantage. Thisis < = Advanta i
because there are additional .
forces to the anch@r due to o
the pulley pr|n0|pal e

If you are pulhng tow dthe
anchor, the system Js;._r'lgged
to advantage. Due to the Iack?ff-?f?f”"
of additional stress on the
anchor due to the pulley
principal.

Toward the
Anchor
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These Add C1T]

Load Line

Using this overly simplified "T method" we are applying
theoretical force to the input side.

NOTE:
When calculating theoretical force, ALWAYS start from the
input side!

In this example, we are starting with 1 unit of tention, we
are calling this unit of tension "1T". 1T is where the hand is
pulling up.

NOTE:
Pulley principle 1 states: Tension on one side of the pulley must
be equal on the other side of the pulley.

Pulley principle 2 states: Those two tensions must add to the top
of the pulley.

Following the pulley principle(s) there is 1T on each
side of the pulley. These tensions add (1T+1T=2T) and are
thrown to the Prusik grabbing the load line.

The 1T continues up towards the Pulley at the rigging
plate. The same theory applies. The 1T+1T=2T gets added to
the top of the pulley and adds to the rigging plate

The 1T then continues down to where the haul Prusik
grabs the haul line (1T+2T=3T). Those forces combine 3T
at the load.

There is 1T on the input and 3T on the output. This is a 3:1
Mechanical Advantage System with 2T on the anchor.




MA System Types

There are several Types of Mechanical Advantage System
configurations. When a system is being built “on the fly” it is important to
know which style system is being built. Understanding the basics
(conceptually) will help |dent|fy what is needed to be constructed for a
particular task. These are the 8 types of system conflguratlons used in
rope rescue: e i

Simple Systems. = e i e
Compound Systems o e
Complex Systems

Piggy Backed Systems

Ganged Systems '

Inside Systems

Force Accumulation Systems

RADS Systems

=



Simple Mechanical
Advantage Systems




Simple MA Systems

For a system to be simple, all
. traveling pulleys move toward the
. anchor AND at the same rate of
| speed e

Calculate by “T” Method tension
LR anaIyS|S o

Toward the
Anchor




12 Simple MA Systems

These are the 12 most common Simple Mechanical Advantage
Systems used in rope rescue. 4

SIMPLE MECHANICAL ADVANTAGE SYSTEMS Note: For a system to be simple, all pulleys that move, must move toward the anchor and at the same rate of speed.

]

1:1 "CD, Whip or Redirect” 2:1 "Invert" 2:1"Block & Tackle - Gun"  3:1 "Block & Tackle - Luff*  3:1 "Block & Tackle - Offset" 3:1"Z Rig" 3:1 "Z Rig - Offset" 4:1 "Block & Tackle - Double" 4:1"Split 4:1" 5:1 "Block & Tackle - Gyn"  5:1 "Simple 5 or Split 5" 5:1 "Split 5 Offset"

D D D




Compound Mechanica

Advantage Systems
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Compound MA Systems

For a system to be compound, a
 simple system pulling on another
- simple system
- Alitraveling pulleys move toward
. the anchor but different rates of

Traveling Speed .
Pulley I -;,_‘Calculate by multlplylng the simple
X — “systems. together or “T” Method
’ Caveat: more resettlng required

Traveling
Pulley

Example:
Black Rope = System 1
Dotted Blue Rope = System 2




8 Compound MA Systems

These are the 8 most common Compound Mechanical Advantage
Systems used in rope rescue. 4




Complex Mechanica
Advantage Systems




H
Complex MA Systems

At least one of the traveling pulleys
~ move toward the load (Away from
_ the Anchor)
. Does not meet the requirements of
- the Simple or Compound systems

Calculateby 'A'm'UItipIying the simple

~ systems together or “T" Method
Caveat: more resetting required,
needs a larger haul field

Example:

Red Pulley = Complex Pulley
moving toward the load
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6 Complex MA Systems

These are the 6 most common Complex Mechanical Advantage
Systems used in rope rescue. 4

COMPLEX MECHANICAL ADVANTAGE SYSTEMS

Note: For a system to be
Complex, at least one of the
pulleys that move, must move
toward the Load.

(Away from the Anchor)

Note: Any compound system
that is inverted becomes a
complex system.

R = Complex Pulley

14:1 "Texas 8:1 on 2" 22:1"Zig Zag on 2"

5:1 "California 6:1" 7:1 "Texas 8:1" 10:1 "California 6:1 on 2" 11:1 "Zig Zag"
Complex Complex

Complex Complex Complex Complex




The Z-Rig

The 3:1 Z-Rig is one of the quintessential mechanical advantage
system used by rescuers. This system when “offset” requires 1/3 of
the rope than the 4:1 block and tackle system. It can be converted
easily to a 6:1 compound by the addition of a single pulley (kick) and
is a powerhouse due to its abrlrty to be modn‘red while loaded if
progress capture |s |n place e R

With a few modn‘rcatrons the Z Rrg can grve a Rescue Team as much
as a22:1 Mechanrcal Advantage The Z- -Rig is reasonably easy to rig,
is easy to add a progress capture device and provrdes an appropriate
amount of mechanical advantage to raise one or two people.

This system is paramount to a rescuer’s arsenal and will unlock true
stroke advantage with minimal rope consumption while offering a
multitude of benefits both vertically and horizontally.

=



Z-Rig Construction

CONSTRUCTION OF THE Z-RIG

When constructing a Z-Rig Add a "Progress Capture
always start in the #2 Hole Device" such as a Tripple
of the rigging plate. This will Wrapped Prusik in order to
allow for additional mechanical hold the load while resetting
advantage through the process the system.

of adding a 2:1 later if needed.

Start off by placing a carabiner
attached to a prusik minding pulley
in the #2 hole of a rigging plate.

Run a rope from the load or
direction of the load through the
pulley and back toward the load.

Add an additional pulley
and carabiner in order to
grab the load line. Run the
rope through the pulley

back toward the anchor. Add a Tripple Wrapped
This will make a "Z" shape 4 Prusik to the load line

out of the rope. This is how and connect it to carabiner
the "Z Rig" gets its name. | attached to the lower pulley.

This creates a 1:1 CD

Load Line

Ensure all carabiners are
locked.

OAD\

1:1 "Change Direction or CD" 1:1 CD with "Progress Capture" 1:1 CD with Progress Capture 3:1"Z Rig"
and added pulley and carabiner




Evolution of the Z-Rig

This shows the evolution or progression of the Z-Rig. By adding or
changing a pulley or pulley’s position, different systems are created.

EVOLUTION or PROGRESSION OF THE "Z"

Crevasse”
lex
R= Complex Pulley

="on 2" Pulley

These systems could be Simple, Compound, Complex or
Inside, depending on configuration.




Piggy Back & Gang
Mechanical Advantage
Systems




Progress Capture

Note: When adding a "Piggy Back"
System to a Load Line, ensure a
progress capture is on the Load Line
(Tandem Tripple Wrapped Prusiks),
and not on the MA System. This
allows the MA system to be reset on
the Load Line.

aur peo-

m OAD\  3:1 "Z Rig" Piggy Back with 2:1 Gang

Note: The addition of a "Gang"

on a Haul System allows for more
distance in a haul field OR additional
Mechanical Advantage without
additional rope consumption of the
MA System's rope.

Note: The blue rope is a 2:1 Gang
added to a 3:1 Z Rig. This creates
a 6:1 MA on the Load Line.

ZRig 21
31 x 2.1 =61

Note: Gang systems do not require

Tandem Triple Wrapped Prusiks

due to the force is greatly diminished

on the back side of the MA System.

A single Prusik (or rope grab/ascender)

also allows for faster reset time and

effeciency.




Inside Mechanical
Advantage Systems




Inside MA Systems

An Inside Mechanical Advantage

System is an adjunct system

attached within a host rope system.
~Unlike a Piggy Back or Gang
. system, an Inside System attaches
~toboth the Load side of the host
~rope and the Haul side of the host
- Tope that is ran through a change
e .dlrectlon pulley

Differential

= ._Creates a complex system.

. The adjunct system (Compression
System) is now acting on both sides
of the Change Direction Pulley
which changes the function to a
Differential Pulley.

Caveat: more resetting required




H
6 Inside MA Systems

These are the most common Inside Mechanical Advantage
Systems used in rope rescue. %

INSIDE MECHANICAL ADVANTAGE SYSTEMS NOTE: For a system to be "Inside" the adjunct system must grab the load line and the haul line




Force Accumulation
Mechanical Advantage
Systems




|S]

Force Accumulation System

English Reeve, Confined Space Rig

Note: A Force Accumulation

System occurs when a directional
change pulley is added between

two mechanical advantage systems.
This adds additional forces to areas
that may not be as recognized
compaired to the forces at termination
anchors. Some forces are an
accumulation of multiple points and

anchors that are then added together.
2:1 Invert

50% Load 50% Load
50% Load

3:1 Z Rig

Compound Force Accumulation System Example: 6:1" Z on 2"




RADS Effect Systems




RADS Effect

Hauler is the Load
The RADS Effect is a force effect felt by the

Anchor and a weight effect felt by the Hauler
when the hauler becomes the load. RADS
doubles the system effectlveness

The pulley pl’lnClp_"‘_ﬂi‘A‘-’:lS then mverted ,
reducing stress on the ancher to only the

weight of the load. The load is now dwnded ] Progress
el Capture 100lbs/4:1=
by the system I|ne andthe haul I|ne = B holds 100% '
e e f g of weight 25Ibs
Example: 2001b Ioad/2"— 100|bs . g when notpuliing

Due to MA system reductlon (4 1 MA) the hauler would';' :
only be pulling 1/4 of 100 Ibs. :

100/4 = 25Ibs or 4:1 with RADS = 8:1

Note: you may only RADS a system that is rigged to
disadvantage.
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Hauling Commands

Quiet!
Safety ready? — Ready

Main line ready? — Ready

Haul team ready? — Ready

Rescuer ready? — Ready

Haul

Stop

Lock off (Shunt) and Reset

7/






Patient Assessment

In all cases requiring emergency medical treatment, immediately call,
or have a co-worker call to request emergency medical assistance.

Minor First Aid Treatment :

First aid kits are stored in the Rescue Trarler i an employee sustains an
injury or are mvolved inan acordent requrrlng mlnor flrst a|d treatment they
shall: e Lo ok

. Inform therr_-supervrsor

. Administer. flrst aid treatment to the |nJury or wound

. If a first aid kit is used indicate. usage on the accident investigation
report. '

. Access to a first aid k|t is not |ntended to be a substitute for medical
attention.

. Provide details for the completlon of the accident investigation

report.



Patient Assessment

Non-Emergency Medioal Treatment

For non-emergency- work related | |njur|es requiring professional medical
assistance, management must first authorize treatment. If an employee
sustains an |nJury requrrlng treatment other than flrst ald they shall:

w.' e

s ,»:-...r.tm-.-

. | Inform thelr supervrsor

. Proceed to the posted_, medrcal faCIIlty The supervrsor will assist
with transportetloj_,_ __lf:-"necessary el
. PrOV|de;q.‘ff""ta'| _s:‘ffor the completlon of the accrdent investigation

report.

Eye Wash Statlons/Safety Showers shall be used in the event an employee
accidentally spills or splashes injurious chemicals or liquids on their
clothing or body. Employees shall notify their supervisor if they use the
Eye Wash Station/Safety Shower.



Patient Assessment

Emergency Medical Treatment
If an employee sustains a severe injufy'requiring emergency treatment:

. Call for help and seek as3|stance from a co-worker

. Use the erﬁergency telephone numbers and lnstructlons posted next
~to the telephone in your Wor\karea to request aSS|stance and
transportation
. Provide det
report.

First Aid Tralnlng

Each employee will recelve tralnlng and mstructlons on the following first
ald procedures. |
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Patient Assessment

First Aid Procedures

WOUNDS:

Minor: Cuts, Iaceratrons abrasrons or punctures - Wash the wound using
soap and water rinse it well. Cover the wound using clean dressing.

Major: Large, deep and bleeding - Stop the bleeding by pressing directly
on the wound, using a bandage or cloth Keep pressure on the wound until
medical heIp arrrves S a

BROKEN BQNE} i e L e o
Do not move the victim unless lt is absolutely necessary

If the victim must be moved "splint” the injured area. Use a board,
cardboard, or rolled newspaper as a spI|nt

BURNS:

Thermal (Heat) Rinse the burned area, without scrubbing it, and immerse it
In cold water; do not use ice water. Blot dry the area and cover it using
sterile gauze or a clean cloth.
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Patient Assessment

CHEMICAL.:
Flush the exposed area with cool water immediately for 15 to 20 minutes.

EYE INJURY:

Small particles - Do nOt.rub our eyes. Use the corner of a soft clean cloth
to draw particles out, or hold the eyelids open and flush the eyes
continuously wﬂhwater S e ea e e e

Large or stuck particles - If a particle is stuck in the eye, do not attempt to
remove it. Cover both eyes with bandage.
Chemical - |mmed|

for 30 minu’tes._-.j.:'gj :

ely irrigate theeyesandunderthe eyelids, with water,

NECK AND SPINE INJURY:

If the victim appears to have injured his or her neck or spine, or is unable to
move his or her arm or leg, do not attempt to move the victim unless it is
absolutely necessary. MR

HEAT EXHAUSTION:

Loosen the victim's tight clothing. Give the victim "sips" of cool water. Make
the victim lie down in a cooler place with the feet raised.
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Patient Assessment
CPR (Cardiopulmonary Resuscitation)

Alternative names: Rescue breathing, chest compressions - for adults;
resuscitation, cardiopulmonary = for adults

Definition: CPR |s.a combination of rescue breathmg (which provides
oxygen to the victim's lungs) and chest compressrons (whroh keep the
victim' S heart C|rculat|ng_ oxygenated blood) .

Consrderatlons CPR oansbe"‘llfesavmg but lt is best performed by those
who have been trained in a CPR. course The prooedures described here
are not a substltute for CPR tramlng -- s e

Time is very lmportant when deallng W|th an unconscious who is not
breathing. Death can occurin 8 to 10 mlnutes and brain death begins after
4 to 6 minutes without oxygen.

Causes: Cardiopulmonary arrest is a combination of 2 life-threatening
conditions: absence of breathing and no heartbeat.



Patient Assessment

Symptoms:

. No Breathing

o No pulse

. Unconsoiousr\ess &

NOTE: DO NOT g}ve chest compressmns if there rs a heartbeat doing so
may cause the heart to stop beatmg e e

NOTE: DO NOT move the victim head eCtOCheCkfor breathing if a
spinal i |nJury IS sua;fﬂ sl B e e

Call |mmed|ately .er-;emergency medlcal aSS|stance ®

. If you are not alone have one person call the Iocal emergency
number while another person begins CPR.

. If you are alone, shout for help and administer CPR.
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Patient Assessment

First Aid:

1.

2.
3.

Check for consciousness. Shake or tap the victim gently. See if the
victim moves or makes a noise. Shout, "Are you OK?"

If there is no response, shout for help.

Position the victim on his or her back on a hard surface, keeping the
back in a straight line, supporting the head and neck. Unfasten the
victim's clothing if necessary to gain access to the victim's chest.

Kneel next to the victim's chin. Tilt the head back and lift the jaw
forward to move the tongue away from the windpipe. If a spinal
injury suspected, pull the jaw forward wntheut moving the head or
neck. Don't let the victim's mouth close.. 7

Place your ear close to the victim's mouth and watch for chest
movement. For 5 seconds, look, Ilsten and feel for breathing.

If the victim is not breathing, begln rescue breathing. Maintain the
head position, close the victim's nostrils by pinching them with your
thumb and index finger, and cover the victim's mouth tightly with
your mouth. Give 2 slow, full breaths, with a pause in between.



Patient Assessment

7. If the chest does not rise, reposition the head and give 2 more
breaths. If the chest still doesn't rise, the victim's airway is blocked.
Follow these instructions for chocking:

Chocking Symptoms:
Unconscious
Lack of breethmg . R
Inablllty to mov i:atré'-lnte- th'e*'l'ungs W|th mouth to mouth resuscitation

)T try to grasp an obij’ectthat is lodged i the victin's throat.
This mlght push it farther dewn the alrway If the object Is visible in the
mouth, it may be removed - o

NOTE: DO NOF begln the chest CompreSS|ons of CPR (|f heartbeat has
stopped) until the airway |s Cleared. -
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Patient Assessment

Basic Airway Management:

a.

Roll the victim onto their back on a hard surface, keeping their back in
a s}ra!ghtglnqt, firmly supporting their head and neck. Expose the
victim's chest.

Open the victim's mouth with your thumb and index finger, placing your
thumb over his tongue and your index finger under his chin. If the
object is visible and loose, remove it. ~

38 L <

Lift the victim's chin while tilting the head back to move the tongue
away from the windpipe. If a spinal injury is suspected, pull the jaw
forward without moving the head or neck. Don't let the mouth close.
If the victim is not breathing, begin rescue breathing. Maintain the head
position, close the victim's nostrils by pinchi nﬁ them with your thumb
and index fl-n'ggieff_r,‘;:a'nd_ct)ver4 the victim's moutr ‘;tlggltly with  your
mouth. Give 2 slow, full breaths, with a pause in between.
If the victim's chest does not rise, reposition the head and give 2 more
breaths. L R ookl L
If the victim's chest still doesn't rise, begin abdominal thrusts, as
follows. Kneel at the victim's feet or astride the thighs (or to the side if
the victim is obese or pregnant). Place the heel of your hand in the
middle of the abdomen just above the navel, well below the tip of their
breastbone. (If the victim is obese or pregnant, place the heel of your
hand in the middle of the victim's breastbone. Do not place your hand
on the ribs or on the tip of the breastbone.) Place your other hand on
top of the first hand.



Patient Assessment

Give 6 to 10 quick thrusts compressing the victim's chest about 2
inches, pressing your hands inward and upward. Do not press to either
side. Each thrust is a separate attempt to clear the victim's airway by
forcing air out through the windpipe

Open the victim's mouth with your thumb and index finger. If the object
is visible and loose, remove it. Observe the V|ct|m S breathlng If the
infant stops breathlng begin CPR. o

If the object is th_ dislodged, give 2 bréaths 6 to 10 abdomlnal thrusts,
and then check for t *;e';object Repeat this sequence unt|I the object is
dislodged or help /es. LI ST ,




10.

11.
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Patient Assessment

If the victim's chest does rise, place 2 fingers on the victim's Adam's
apple. Slide your fingers into the groove between the Adam's apple
and the muscle on the side of their neck to feel for a pulse for 5 to
10 seconds.

If the victim has a pulse, glve 1 breath every 5 seconds. Check the
pulse after every 12 breaths.:

Be sure the local emergency nUmber has been called. Have
someone else make the call If pos3|ble Contmue glvmg breaths and
checking the puise 5

If the victim has no pulse begln chest compressmns Maintain the
head position and place the heel of your hand 2 finger-widths above
the lowest notch of the victim's breastbone (where the lower edge of
the ribcage meets in the middle). Place the heel of your other hand
directly over the heel of the first hand. Interlock your fingers; don't let
them touch the victim's chest. Lock your elbows straight. Lean your
shoulders over your hands, and firmly press down about 2 inches
into the victim's chest. Repeat the compressions 30-times. Give the
compressions in a smooth, rhythmic manner, keeping your hands on
the victim's chest. Don't rock back and forth - push straight down.
Don't pause between compressions.



12.

13.
14.

195.
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Patient Assessment

Give the victim 2-breaths, followed by 30-chest compressions.
Repeat this sequence 4 times. Count aloud as you pump in a
regular rhythm. You should pump at a rate of about 100-times a
minute. Count 1 and 2 and 3 and 4 and... 30 and (breathe, breathe).

Recheck the victim s pulse for 5 to 10 seconds.

Repeat steps 12 and 13 until the victim's pulse resumes or help
arrives. If the pulse resumes, go to step 9. |

- Once pulse and resplratlon resume, roll the person onto his side

taking care to move the body as a whole unit. This is called the
recovery posmo' _but it should not be used if you suspect there
might be a neck or spmal mJury Stay by the person until help

aI’I’IVGS



Patient Assessment

FEEL FOR CAROTID PULSE. KEEP PULSE CHECKS TO 10 SECONDS OR LESS

IF NO PULSE OR IF UNSURE A PULSE IS FELT, BEGIN CPR

PLACE OTHER HAND ON TOP AND INTERLOCK FINGERS

KEEP ARMS STRAIGHT AND PRESS DOWN, COMPRESSING THE CHEST 2 INCHES

OPEN AIRWAY WITH HEAD-TILT, CHIN-LIFT

GIVE 1 BREATH OVER 1 SECOND, THEN GIVE THE SECOND BREATH

-
o

RESUME CHEST COMPRESSIONS




Patient Assessment

SIMPLIFIED ADULT CPR
IMMEDIATELY RECOGNIZE CARDIAC ARREST
Unresponsive, No breathing or no normal breathing (only gasping)

Immediately
start CPR
Push down on
center of
chest

Activate Push Hard
Emergency at least 2” deep
Response Push Fast

Call 911 at least 100/min

Get defibrillator
(if available)
turn on &

follow  /
instructions |

Continue CPR
/& Shock as
" indicated until

help arrives



Patient Assessment

CPR REVISED GUIDELINES
THINK CAB
Compressions AIRwAY BREATHING

B | ®-Do 30 chest Compressions

(Place heel of hand on center of breastbone and
heel of second hand on first hand).

.} - If trained in CPR, Open the Airway by tilting head back.

() - Attempt two Breaths if trained in CPR, Repeat steps
(®, ) and () until victim starts breathing or until
emergency help arrives.







Patient Packaging

The process of se
in a transfer dev



Yates Spec Pak

Patient packaging and extrication system
that combines the backboard
immobilization of a short board with the
suspension and support of a full body
harness. " - :

Extremely useful for any oonflned space
operation where a verttcal enwronment |s
encountered e

Patient can be Ilfted.vertroally from D nng
located at top of backboard A

It must be used in conjunctron W|th proper
spinal immobilization such as the use of a
cervical collar where conditions and
protocols dictate. '

Color coded straps make application
quick and easy

Fits from small children to large adults

=




SKED Stretcher

Immobilize spine and neck injuries
and lift patients out of tight spaces

Used to drag patlents on muItlpIe ;
terrains

Has a load cap;‘amty over 1 350 Ibs

Highly reSIStant to amds and alkall :
and unable to be pe -etrated‘by‘??ﬁ“’f':f{l: o
liquids - et b
Vertical and honzontal hft capabllltles"':‘i"‘_',f'_"fr
Transport the pa’uent through narrow "
openings . e
Drag the patient when personnel are.
limited




Reeves™ Sleeve

Immobilize spine and neck injuries and
lift patients out of tight spaces

Used to drag patients on multiple terrarns
Has a load capaC|ty over 1,000 Ibs

Highly resistantto acids and alkali, and
unable to be penetrated by IIC]UIdS bt

Vertical lift p0|nt and | """orlzontal llft pomts
Transport the patlent th'rQUgh narrow
openings ““giea el o
Drag the patlent when personnel are |
limited '
Removable Velcro head-securi-ng blocks

Adjustable head- and chin-securing
straps

Five chest and leg straps and a "fail-safe"
strap




Long Spine Board

Backboard

Immobilize spine and neck injuries and
lift patients out of tight spaces

Has a load capacity over 1,000 Ibs
Highly resistant to acids and alkali, and -
unable to be penetrated by I|qu1ds
Vertical and horizontal lift pomts &
Transport the patlent through narrow
openings S B
Should be placed in a Stokes L|tter or
SKED Litter prior to lowering

=




Scoop Stretcher

Used to lift people who may have
a spinal cord injury from the
ground, either due to

unconsciousness or in order o
maintain stabmty |n the case of 5

trauma.

Has a structure that can be spllt

vertically into two parts wrth
shaped 'blades towards the
center which can be brought
together underneath a patlent

Reduce the chance of movement
of injured areas during transfer of
a trauma patient,

More comfortable than a long
spine board for transport




Universal Head Immobilizer

The Universal Head Immoblllzer is
simple to use, Ilght welght and easy to
clean. | i -

It comes with tvvo plastlc coated
closed-cell foam headrfsu‘p.ports i
A universal attaohmen. ’ias’e and two
durable head 'str_ i e

The base plate Tlts alI Ferno backboardsf‘-‘- |
(except the NAJO Sports Board) i

Head supports can be used on standard '
backboards, or turned around for use on
the Ferno Scoop Stretcher.




Stokes Litter

Designed to be used where there are
obstacles to movement or other hazards: for
example, in confined spaces, on slopes In
wooded terrain. -

Shaped to accemmodate an aduIt in a face up

position and |t |s used in search and rescue c
operations. == .. asara s w0 sk =
The patlent is strapped lnto the basket makmg
safe evacuatlon possﬂale ) . ;

The patient generally is further protected by a
cervical collar and sometimes a long spine
board, so as to immobilize the patlent and
prevent further injury. ‘




Horizontal Bridle

Litter Configuration
“Horizontal Sto

Only 1 Tag line needed

P P P LL



Arizona - IPS Quad-Bridle




2 Tag lines recommended




H
Pick and Pivot System

Litter Conflguratlon —
Vertical

Rescue Package i
Connection - Double Flgure{"‘, S
8 on a Bight WIth Butterﬂyfl o
and Scaffold fo

Yoke XL Ca

Brldle % Clove : -.;rap _
2 mirrored Clove Hltches =
2 wrap, 3 wrap, 4 wrap
Square Knot with Safety

Pick and Pivot can become >
the Tag line



Victim Harness

Improvised harness
constructed out of 1.inch
tubular webbing_:

Requires - 20 POOt sectlon
of webbing tied in al :.o.p
using a water knot T

Use caution to 'preve'nt
patient from rolling out










The Golden Hour

\V/[TelTor=1 professmnals ConS|der
the 60-minute period follewmg
an lnjury or |IIness':t0 be the

period.

60- Mlnutes

_y'Jesswa," at 18 months old, feII down a
in\her aunt's backyard in Midland TX.

An “average” elevated, conﬁned'
space rescue in the industrial
arena should not take longer

than 15-minutes

She remalned trapped in the weII for 58 hours.



Typical Rescue
Response Times

0-3 mlnutes (3 m|n duratlon)

Permlt-Re u1red Conflned Space |nC|dent occurs and rescue
team is called Lo mEa e 2

3 - 13 mlnute

23 - 38 mmutes (15 mln duratlon)
- Rescue team reaches and rescues patlent

38 — 53 minutes (15 min. duration)
- Patient is transported and arrives at emergency room







Offsets

Offset: A rope system that allows Fe of the
proposed path, or orientation of a s e






Tag Line - (Minor)

Landing Zone

Anchor

-
©
£
a

Move The Tag
From the Litter

to the Yoke if k
(Minor) Offset/
Bridle




Guiding Line - (Minor)

Guide Line
Should be
connected
to the Yoke

Landing Zone

Hand Tension







Carriage ¢4

,§§P

45° 30°
Landing Zone

.\ \ J{ Lower Tag could be Hand Tension or Mechanical Advantage
J-




|S]

Block - (Major)

High Point Anchor /&
Above Patient

,\g‘

Landing Zone

Mechanical Advantage Tension




S|

Skate Block Distance

1:1 - Vertical Height = Horizontal Distance
This will achieve a 15°angle



















Highlines

Highline: A tensioned horizontal or dlagonal ropé system
drawn tightly across a chasm to assist the access of
rescuers, patients and/or equipment nsists




HIGHLINE SYSTEMS - Quad Bundle with an English Reeve

Control Side

Highlines

Carriage System
. OO

~ Quad Bundle

- Double Carriage

Single Control Line
English Reeve

Termination Side (Far Side)




Highlines

Highlines are one of the most dangerous and complex vertical rescue
operations. Highlines incite the use of evolved rigging skills, performed
by the most advanced rescue technicians. Under no circumstances
should highline construction be attempted soIer on the information
within this material. Anyone interested in executing hlghllnes must have
intermediate skills as a prerequIte and seek advanced training
through an accredlted sohool of rope rescue. This section only gives a
general overV|ew A_of_,the extremely cemp]ex subject of highlines.

99% of the tlme most hlgh angle rescues can be accompllshed through
the use of other methods combined with various forms of offsets. It is
that rare 1% of the time that a highline might be needed. Typically,
highlines are incorporated where a long span of difficult terrain or swift
water must be negotiated for the successful extrication of a victim.



Highlines

Highlines should almost always be used as a last resort option. The
benefit of a highline system is that it's a viable option that gets the job
done; the caveat is that there are just about as many reasons why not
to do one. As Pat Rhodes said “If over tensronlng a rope and rope
abrasion are the nemeses of rope rescue, than conS|der these two evil
the devil |ncarnate to a hlghllne o -

By their very nature a hlghllne go agalnst most every oonventlonal rule
of “safe” 'anchor bundlng In most cases, we try to keep the critical
angle between multr -point anchors about 90° or less. At 120° the force
at each anchor equals the weight of the load. With highlines, you are
looking at a vector angle of at least 150° or more. This alone will
multiply (with the rescue load in the middle of the trackline) the weight
of the load anywhere from 2 times at 150° up to 11 times at 175 ° at
each anchor, which is a tremendous amount of stress!



nstruction of
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on the anchors, here
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ighlines
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Track Lines

A tensioned horizontal or diagonaAlg
drawn tightly across a gap to allow
to travel. It is the “highway” in whic

travels.



Deflection

Projected Load Line

250 Lbs

1oo§Lbs
10 Ft Span
100 Ib Load

10% Deflection of span
250 Ib Hit on the Anchors

Field Calculation:

TIME OUT - Terrible Angle (T)
150°
Note: The following rigging calculation must be applied. Try to achieve
10% Deflection based on span. (10% of Span)

Span x Load 10ft x 100Ibs 1,000

= Anchor Lbs

(4) x Deflection T T




Single Track Line

A single track line is typically used when a larger amount of
deflection between anchors may be allowed. As a fast rule, we want
no less than 10% deflection on a single track line. Deflection is the
amount of “sag” between the two anchor points. A simple example
would be a 10t~foot span between the anchors requiring no less
than a 10% deﬂectlon This would require a 10- foot sag on the track

line because 10—foot l'_ffl"lfO% of the100 foot dlstance

10% of 100 ft = 10 ft




S|
Single Track Line Tensioning

A Single Track line requires‘OnIy a 3:1 tensioning system on the host
rope to ensure that the proper amount of deflection is achieved.

3:1 Tensioning System

Host Rope — 3:1 Tensioning System



Single Track Line Setup

HIGHLINE SYSTEMS - Track Line

Track Line <

3:1 Tensioning System s 1 ‘D ‘
After System is tensioned, to Backtie Tripods |
tie off 2 Half Hitches K iace Svsim
. arriage System
Note: Could have 2
Kootenay Carriages

. Track Line Tension Analysis
Only use a single
trippl? wrapped 'Pll"usik Note: The following rigging calculation
for a "Poor Man's' must be applied. Try to achieve 10% Deflection
Load Cell. based on span. (Deflection = 10% of Span)

ziind ‘g deim Y

Span x Load

(4) x Deflection = Anchor Lbs

100ft x 400lbs 40,000
(4) x 107t 40

Tripod Hobble
e ——————

EXAMPLE: =1,000 Ibs

Control Side Termination Side (Far Side)




Twin Bundle Track Line

A Twin Bundle track line is typically used when a lesser amount of
deflection between anchors may be needed. As a fast rule, we want
no less than 5% deflection on a Twin Bundle track line. An example
would be a 100-foot span between the anchors needing a 5%
deflection. This Would require a 5- foot sag on the track line because
5-foot is 5% of the1OO foot distance. There is half the deflection, but
two ropes These two ropes wﬂl share the stress of the |oad

5% of 100 ft = 5 ft

|S]



Twin Bundle Tensioning

A Twin Bundle track line requires a symmetrical tensioning system to
ensure that both ropes share the load equally. This is managed by

the use of a differential pulley. This tensioning system shows how to
maintain symmetrlcal tens:on on both ropes

: 3:1 Symetrical Tensioning System

||

The yellow pulley is the differential pulley
Black Rope — Lacing and Tensioning System



win Bundle Setup

HIGHLINE SYSTEMS - Twin Bundle Track Line
Termination side option

N Prusik Bypass "Load Cell(s)".
3:1 Symetrical Tensioning System \ * Twin Bundle - Track Line(s) JCIS Tie ropes to rigging
After Syster is tensioned, tie off plate with Fig. 8 on Bil

with 2 Half Hitahes o the anchor Opposing Prusiks around both Track Lines 1 |

to Backtie Tripods

Carriage System
Travels on Track Line(s)

Only use a single tripple . . . )
wrapped Prusik for a "Poor Track Line Tension Analysis for Twin Bundle
Man's" Load Cell on each
Track Line Note: The following rigging calculation
must be applied. Try to achieve 5% Deflection
based on span. (Deflection = 5% of Span)

eI

Span x Load

(@ x Deflection - Anchor Lbs

ziind ‘e

100t x 400lbs 40,00
(4) x 5t 20

EXAMPLE: 2,000 Ibs

Tripod(s) are used for a High Point Anchor(s)
Note: Although there is 2,000 Ibs of tension Used to send and recieve
Tripod Hobble on the anchor(s), only 1,000 Ibs of force is rescue package and/or adjunct(s)
on each Trackline due to symetrical tension
of the lacing system sharing the load.

Termination Side (Far Side)



Quad Bundle Track Line

A Quad Bundle track line is typically used when the least amount of
deflection between anchors is required. As a fast rule, we want no
less than 2.5% deflection on a Quad Bundle track line. An example
would be a 100-foot span between the anchors needing a 2.5%
deflection. This Would require 2.5- foot sag on the track line because
2.5-foot is 2. 5% of the 100-foot dlstance There is now 2.5%
deﬂectlon but four ropes These four ropes WI|| share the stress of

2.5% of 100 ft = 2.5 ft

S|



Quad Bundle Tensioning

A Quad Bundle track line requires a symmetrical tensioning system
and a lacing system to ensure that all four ropes share the load
equally. This is achieved by the use of a differential pulley on the
lacing system that is being tensnoned by the tensmnmg system. This
tensioning system shows how to achleve symmetrlcal tension on all
four ropes. ’

-~ (:i .

— mr-

3:1 Symetrical Tensioning Syste
Equalizing Lacing system

The yellow pulley is the differential pulley
Black Rope — Lacing System
Neon Green Rope — Tensioning System

|S]



Quad Bundle Setup

HIGHLINE SYSTEMS - Quad Bundle Track Line

ziind ‘e desy

wrapped Prusik for a "Poor
Man's" Load Cell on each
Track Line (Prusik Bypass)

Track Lines are tied back into
Anchors if Prusiks begin to slip

3:1 Symetrical Tensioning System
pulling on Diffeential Pulley

Black Rope & Blue Pulleys = Lacing System
Brown Rope & Red Pulleys = Tensioning System
Silver Pulley = Differential Pulley

After System is tensioned, tie off
with 2 Half Hitches to the anchor

: e : Quad Bundle - Track Line(s)

Opposing Prusiks ‘ [ | D‘
around 2 sets of doubled up v @ o}

Track Lines to Backtie Tripods Carriage System

Travels on Track Line(s)

Track Line Tension Analysis for Quad Bundle

Note: The following rigging calculation
must be applied. Try to achieve 2% Deflection
based on span. (Deflection = 2% of Span)

Span x Load

(@ x Deflection - Anchor Lbs

100t x 400lbs 40,00

EXAMPLE: —— X705
@)x2ft 16

2,500 Ibs

Note: Although there is 2,500 Ibs of tension
on the anchor(s), only 625 Ibs of force is
on each Trackline due to symetrical tension
of the lacing system sharing the load.

Tripod Hobble

/
Termination Side Option
2 x Wrap 3 Pull 2

Tripod(s) are used for a High Point Anchor(s)
Used to send and recieve
rescue package and/or adjunct(s)

Termination Side (Far Side)




Control Lines &
Carriage Systems

Control Lines: Ropes rigged on both ends of 5




Single Control Line
Single Carriage System

HIGHLINE SYSTEMS - Single Control Line with Single Carriage System )

Note: When using a singe Control Line, ensure there is enough
rope to move the Carriage System the entire span required.
Usually at least twice the distance between anchors.

The use of the SOF allows

to raise and lower the Control
Line to clear an edge as
needed for deployment and
retreval of the Carriage System

Carriage System

Prusik Bypass

The Control Line moves the
Carriage System Horizontal.
The Control Line is a working
belay line.

The Control Line and Carriage
System is rigged in a maner so
that if there were a catastrophic
failure of the Track Line, the
Control Line keeps the entire
load from cratering. To ensure
the System does not receive a
"Shock Load" the Carriage is
rigged with "Prusik Bypasses".

The Carriage System connects
to the Reeve Line/System for
verticle movement of the Rescue
Package.

Control Line
Hangers

Set Of Fours

Control Line Hangers
only need to be placed /
every 50 Foot apart

Replacing the pulley on the Z-Rig

with the Petzl ID allows the system

to be used for both sending and recieving
the rescue package in both a "lower" and
"haul" configuration with very quick and
efficient conversion

Termination Side (Far Side)




Dual Control Line
Single Carriage System

HIGHLINE SYSTEMS - Dual Control Line with Single Carriage System

Note: When using a Dual Control Line, ensure there is enough
rope on each side to move the Carriage System the entire span
required. Usually both Control Lines should travel at least the
distance between anchors.

>

The use of the SOF allows

to raise and lower the Control
Line to clear an edge as
needed for deployment and
retreval of the Carriage System

Carriage System

Prusik Bypass

The Control Line moves the
Carriage System Horizontal.
The Control Line is a working
belay line.

The Control Line and Carriage
System is rigged in a maner so
that if there were a catastrophic
failure of the Track Line, the
Control Line keeps the entire
load from cratering. To ensure
the System does not receive a
"Shock Load" the Carriage is
rigged with "Prusik Bypasses".

The Carriage System connects
to the Reeve Line/System for
verticle movement of the Rescue
Package.

Control Line
Hangers

Set Of Fours

Control Line Hangers
only need to be placed /
every 50 Foot apart

Replacing the pulley on the Z-Rig

with the Petzl ID allows the system

to be used for both sending and recieving
the rescue package in both a "lower" and
"haul" configuration with very quick and
efficient conversion

Termination Side (Far Side)




Single Control Line
Double Carriage System

HIGHLINE SYSTEMS -Single Control Line with Double Carriage System'

Note: When using a Single Control Line, ensure there is enough Carriage System

rope on each side to move the Carriage System the entire span

required. Usually at least the twice distance between anchors. Shock Absorber

\

Control Line | /| |

X Hangers
Control LN

\ Butterfly / Set Of Fours

The Control Line moves the Control Line Hangers

Directional 8 Carriage System Horizontal. only need to be placed /
The Control Line is a working every 50 Foot apart
belay line.

The Control Line and Carriage
System is rigged in a maner so
\ that if there were a catastrophic
The use of the SOF allows 1\ failure of the Track Line, the
to raise and lower the Control | A Y Control Line keeps the entire
Line to clear an edge as 3 load from cratering. To ensure
needed for deployment and A the System does not receive a
retreval of the Carriage System \ "Shock Load" the Carriage is
\ rigged with "Prusik Bypasses".

Replacing the pulley on the Z-Rig

with the Petzl ID allows the system

to be used for both sending and recieving
the rescue package in both a "lower" and
"haul" configuration with very quick and
efficient conversion

The Carriage System connects

to the Reeve Line/System for

verticle movement of the Rescue

Package. Termination Side (Far Side)




Dual Control Line
Double Carriage System

HIGHLINE SYSTEMS - Dual Control Line with Double Carriage System )

Note: When using a Dual Control Line, ensure there is enough
rope on each side to move the Carriage System the entire span
required. Usually both Control Lines should travel at least the
distance between anchors.

>

ol Line

) contr!

Directional 8

The use of the SOF allows

to raise and lower the Control
Line to clear an edge as
needed for deployment and
retreval of the Carriage System

The Control Line moves the
Carriage System Horizontal.
The Control Line is a working
belay line.

The Control Line and Carriage
System is rigged in a maner so
that if there were a catastrophic
failure of the Track Line, the
Control Line keeps the entire
load from cratering. To ensure
the System does not receive a
"Shock Load" the Carriage is
rigged with "Prusik Bypasses".

The Carriage System connects
to the Reeve Line/System for
verticle movement of the Rescue
Package.

Control Line | /| |
Hangers

Set Of Fours

Control Line Hangers
only need to be placed /
every 50 Foot apart

Replacing the pulley on the Z-Rig

with the Petzl ID allows the system

to be used for both sending and recieving
the rescue package in both a "lower" and
"haul" configuration with very quick and
efficient conversion

Termination Side (Far Side)




Reeve Lines




AZTEK Reeve

HIGHLINE SYSTEMS - Aztec Reeve (SOF)

Note: When using a singe Control Line, ensure there is enough
rope to move the Carriage System the entire span required.
Usually at least twice the distance between anchors.

Carriage System

The Aztec Reeving System
is for short Reeves.

This Reeving System is managed
by the Recue Attendant/Adjunct.

Termination Side (Far Side)

The AZTEK Reeve is more for honzontal tranSport of a patient than vertical.
This reeve system is typlcally used to clear the top of an object or to clear or
negotiate an edge due to sagging of the Track Line. This Reeving system is
typically used for shallow reeving not more than 10-feet in depth.



Norwegian Reeve

HIGHLINE SYSTEMS - Norwegian Reeve

Note: When using a Norwegian Reeve, ensure thert ugh Carrlagﬁystem
ope to move ethcht im/Rescue Package/Adju ct thee ( ire depth
required. Us ally at least the distance between anchors and

twice the ving depth. T
| . f

Gontro! Line

Load Verticle.

The Norwegian Reeving System
is for medium depth Reeves.

This Reeving System is managed
by theControl Side and Recue
Attendant/Adjunct.

Termination Side (Far Side)

The Norwegian Reeve is |deal for short to medlum depth Reeves. This reeve
system is typically used to descend into spaces that are between 10 and 30 feet
in depth. The Norwegian Reeve is typically chosen over the English Reeve
when rope consumption is an issue due to the span of the Highline. A downfall
to the Norwegian Reeve is that as the control line moves horizontally, the reeve
line must be managed at the same time to alleviate the altitude adjustment of
the rescue package.




English Reeve

HIGHLINE SYSTEMS - English Reeve

QdBdITkL

Termination Side (Far Side)

The English Reeve is the “Cadlllac of Reeve Systems This reeve system is
typically used to descend |nto spaces that are between 30 and several Hundred
feet in depth. The English Reeve is used when rope consumption is not an
issue due to the span of the Highline or depth. The English Reeve works
completely independent from the Control line unlike the Norwegian Reeve as
the system rolls through the carriage system without altitude changes while
moving horizontally.

i
1
i
.







Incident Command

National Incident Management System — Overview

The National Incident Management System (NIMS) grew out of a notable
lack of a unified command structure during 911 as well as Federal concern
with the absence of an |nC|dent command system that was standard across
thenation. .. e . 2 ; e

’ej"focus NIMS soon grew |nto an ent|re
emergency manageme,nt organlzatlon system It is the goal of NIMS to
provide a conSISten,_'natlonW|de approach for respondmg to all kinds of
incidents — no matter what the S|ze scope cause or compIeX|ty

Wh|Ie onglnally |CS Wa

Chief benefits ofNIMS B S S
. It is Applicable across jurisdictions and functions.

. Used for all types of emergencies
. Encourages interoperability
. Enhances the ability of different classes of responders to work

effective together



Incident Command

Concepts and Principals

. NIMS provides a flexible framework that facilitates government and
private entities working together to manage domestic incidents.
. NIMS prOVidieS a set of standardized organizational structures, as

well as req__gi:_rements for.v,prooesses, proced’Ures‘,_an_d systems.

- _,(.s.-..,r.._z S

NIMS IS comprlsed of several oomponents that work together as a system to
provide a national fra_‘mework for preparlng for preventlng, responding to,
and recovering from_domestlc 1nC|dents E o e

. Command and Management

. Preparedness

’ Resource Management ‘ _

. Communication and Information Management
. Supporting Technologies

. Ongoing Management and Maintenance



Incident Command

The Incident Commander

. Fix the responS|b|I|ty for Command on a certain individual through a
standard |dent|f|cat|on system depend|ng on the arrival sequence of
employees rescuers and supervisors. '

:  Ensure that a strong direct, and V|S|ble Command WI|| be established
from the onset _ef:«thei{tnmdent S raa 5
. Establish an effectrvelnc:ldent organlzatlon deflnlng the activities and

responS|b|I|t1.,_séia'SSIgned to the 1n01dent commander and the other
individuals: operatlng thhln the Incrdent Command System.

. Provide a system to process |nformat|on to support Incident
management, pIannlng, and decision maklng
o Provide a system for the orderIy transfer of Command to subsequent

arnvmg superV|sors



Incident Command

Command Tactical Objectives

The incident commander is respon3|ble for the completlon of the following
tactical objectlves - g .

. : Prowde for

econtmuedsafetyof nen-lnvolved p’e,rs’:onnel and

. Remove;';'é ,.,,..da._'__g_,g;ered pccu pants ahd treat the |n Jured
. Stabilize the lnc:ldent L
. Conserve property



Incident Command

The Incident Command System is used to facilitate the completion of the
tactical objectives. The incident commander is the person who drives the
Command system towards that end. The incident commander is responsible
for building a Command structure that matches the organlzatlonal needs of
the incident to achuve the completlon of the tactical objectlves for the
incident. The funotlons of Command define standard activities that are
performed by themc& QOmmander to achleve the tactlcal objectives.




Incident Command

Functions of Command

The functions of Command |nqude

Assume and announce Command and establlsh an effective
operatlng posntlon (Command Post).. oo

| Rapldly evaluate the S|tuat|on (Size up)

Initiate, malntal?’"'""”’}“"_‘_ﬂd control the oommunlcatlons process.
Identify the o)

ﬂferall strategy, develop an InC|dent management plan,
and aSS|gn compames and personnel conS|stent W|th plans and
standard operatlng procedures A

Develop an effectlve Inoldent Command organlzatlon

Review, evaluate, and reVIse (as needed) the Incident Management
plan.

Provide for the continuity, transfer, and termination of Command.




Incident Command

The incident commander is responsible for all of these functions. As
Command is transferred, so is the responsibility for these functions. The first
five (5) functions must be addressed |mmed|ately from the initial assumption
of Command :

Establishing Command St

The flrst rescuer to arrlve at the scen'e of a major event requmng the rescue,
victim treatment, and scene stablllzatlon shall assume Command of the
incident. The lnltlal InCIdent commander shall remarn in Command until
Command is transferred to a supervisor, hlgher qualified member/rescuer,
or the incident is stablllzed and Command IS termlnated

When possible the first arriVing reScuer Initiates the Command process by
giving an initial radio report.



Incident Command

The Radio Report should include:

. Identification of who Is on the scene and talking.

. A brief descrlptlon of the mcndent situation, (| e. buﬂdmg size,
.occupancy,type of hazard type of aCC|dent etc.)

. _ ObVIOUS condltlons:(ﬂoodmg, hazmat splll multlple patlents etc.).

. Assumptlen and |dent|flcat|on of Cemmand
. Assume & Announce accountablllty Iocatlon




Incident Command

Incident Management
Size-up

Size-up is a rapld overview of the obwous what |s observed by everyone,
and what is sald by W|tnesses o Sathoae o

CAN. report <Condm cuons andNeeds)

This is an ongomg commumcatlon tool between rescue personnel and
Command, the focu" QIIS_;OH S|mple dlrect communlcatuon

Level 1 Staging

Level 1 staging is the immediate gethering location of first arriving rescue
personnel, typically in close proximity to command, (typically, close enough
for voice communication)



Incident Command

Level 2 Staging

Level 2 staging is a Iocatlon desngnated by command where continued
arriving resources gather and await further assignment. Level 2 staging is
typically posmoned well outside the field of action, yet close enough to
advance forward to the scene W|th|n a couple of minutes. This allows for a
systematic poolmg of equlpment rescue and support personnel without
overwhelming the sc wﬂh congestlon X

e A Groups

Sectors are subdivisions ".o‘_‘flla'rge}r command events that require a
manageable span of control by Command.

Sectors are named by Command, typically using their location and/or
function. i.e. North Sector, West Sector, Sector 2 (2nd floor), Rescue Sector,
Hazmat Sector, or Treatment Sector, etc.



Incident Command

Each sector will have a Sector Officer who is responsible for communicating
with Command (C.A. N report) and superwsmg the actions within that
sector. »

Sections and Branches

Sectlons and Branc es ar
Command even"’

ubd |t510’ns des:gned for extremely large
: spat "?of«.control by Command.

IC ---> Sections —-> Branches---> v'vDivi‘éi’:cijﬁ‘sf/GrOUpé/Sectors
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Phase lll - Rescue




Phase IV - Termination
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OSHA Regulations

29 CFR 1910.146: Confined Space' & Confined Space Rescue

29 CFR 1910 147 Energy Isolatlon (LOTO) : .

20 CFR "191:0:,-1;200 Haza rd Commu nlcatlon(HAZCOM)

29 CFR 1910 120 Hazardous Waste Operatlons & Emergency
Response (HAZWOPER) |

29 CFR 1926.57: Ventilation




NFPA Standards

NFPA 1983: Life safety rope and equment for
emergency services

This icon indicates NFPA1983 Standard 2017I|nk_:_.:,.->_r4 adbi

1983

NFPA 1006 Resc jf—._je_, technIC|anprofeSS|onaI

NFPA
1006

NFPA 1670 ;_,;Q
search and res

Thisi icon- |nd|cetes~-:_

NFPA
1670

FPA1670 Standard = 2017 fink: -

Linked content may requwe a hlgh speed mternet
connection. '







Note: All 3 criteria must be met to make it a
confined space.




Permit Required Confined Space

How To Catagorize Work Space

1. Large Enough to Bodly Enter and Perform Work
AND

2. Limited Means of Entry and Egress :
AND

3. Not Designed for Continous Human Occupancy

Not a Confined Space

YES

Confined Space

Hazardous Atmosphere

And/Or

Engulfment Hazard
Permit Required

Confined Space And/Or

No Permit Required
Configuration Hazard

And/Or

Any Other Recognized
Serious Hazard




=

OSHA Attendant Guidelines

Is the confined _s»pace entryatte._nd,ant part of the rescue team?

The attendant m be a member of the rescue team but may not perform
entry rescue unlessrelleved by another quahfled attendant The attendant

|derescue ser\nce? i

Yes, but |t is up to the employer to assUre that any outS|de service (i.e.,
munlc:lpal service or private serV|ce) members are properly trained and can
respond in a timely manner. i



OSHA Employer Guidelines

What does the stahdérd reduiré 'yqf‘_'._émployers?

The employer m :f"”'t;develop and |mplement procedures for the following:
.Summomng;re ”””mergency Serwce | Fral




OSHA 911 Guidelines

Can an employer rely upon “911” for rescue?
No! Specifical;ly;di;sallqwed; ’

OSHA wants tonow L
. Who provldes{ 1e off-site '"servnces’? Sale

Where |s thef ase o d |

s the agree by_l, entract "Iettei:'or verbal?

How did empl ;fer determme adequacy ef serwce’?

Are the rescue personnel adequately tramed’?

How are they summoned’? o e

Is the service on-site or on caII durlng entry’?

What is their response time?

How does employer verify availability during entry?




OSHA Equipment Guidelines

What equipment is required for rescue?
OSHA provides no specific equipment requirements, but states
that the employer ensures that the necessary equipment is
available to perform a rescue from the space rn questron This
equ1pmen’f must be Ilsted on the entry permrt

What tramrng’fre s n apphcable‘> 4
- Rescuersm ave'a clear under"tandrng of therr jOb
responSIlerties and it’ S rsks. oya
. Rescuers must obtain suffrcrent formal educatron to perform a
possrble technical rescue.

- Rescuers must be able to repeat Iearned rescue skrlls during a
critical incident. '




OSHA Training Guidelines

What other training requirements are specific to rescue?

Each rescuer must be prowded with and tralned in the use of
necessary PPE and rescue equment ‘

Each rescuerlmustfbe tralned‘;to perferm as5|gned rescue duties

Annual hands—en rescue slmulatlons from the actual spaces (or
representatlve spaces) that may be encountered

A simulation from each type of space to be encountered

All rescuers must have First Aid & CPR training, with at least
one member being currently certified.
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Workers in Excavations

Access and means of egress. Stairs, ladders or ramps shall be provided
where employees are required to enter trench excavations over 4-feet deep.
The maximum distance of lateral travel (e.g., along the length of the trench)
required to reach the means of egress shaII not exceed 25-feet.
Structural ramps. - , i
Structural ramps used solely by employees as a means of access or a
competent person shall desrgn egress igelng excavatlons “Structural ramps
used for access or egress of equment shaII be desrgned by a person
qualified in structural desrgn and shaII be constructed in accordance with
the deS|gn i . : 4 M v & S
Ramps and run:ways constructed of two or more structural members shall
have the structural members connected together to prevent movement or
displacement. ' ' = ,
Structural members used for ramps and runways shaII be of uniform
thickness.
Cleats or other approprlate means used to connect runway structural
members shall be attached to the bottom of the runway or shall be
attached in a manner to prevent tripping.
Structural ramps used in place of steps shall be provided with cleats or
other surface treatments on the top surface to prevent slipping.




Workers Iin Excavations

Ladders
- When portable ladders are used, the ladder side rails shall extend a
minimum of 3 feet above the upper surface of the excavation Ladders

shall have nonconductive side rails if work will be performed near
exposed energlzed equnpment or systems. ;

Two or more ladders, or a double-cleated Iadder will be provided
where 25 or more employees WI|| be conductmg work in an
excavation where ladders serve as the prlmary means of egress, or
where Iadde"r“’“‘s,,rve two-way traffic. e

Ladders will be mspected prior to use for S|gns of damage or defects.
Damaged Iadders will be removed from serwce and marked with “Do
Not Use” until repalred ; Sl



Workers In Excavations

Ladders shall be used only on stable
and level surfaces unless secured.
Ladders placed in any location where
they can be dlsplaced by workplace
activities or traffic shall be secured, or
barricades shall be used to keep these
activities away from the Iadder 1

Non- self-supportmg ladders shaII be &
positioned so that the foot of the Iadder‘?f"_
is one- quarter of the Workmg Iength
away from the support | s

Employees shall not be allowed to
carry any object or load while on the
ladder that could cause them to lose
their balance and fall.
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Workers in Excavations

Exposure to vehicular traffic
Employees exposed to vehicular traffic shall be provided with, and shall
wear, warning vests or other suitable garments marked with or made of
reflectorized or high-visibility material. Warning vests worn by flagmen
shall be high-visibility red, yeIIow or orange, and shaII be of reflectorized
material if worn*durlng night work o
Employee exposure to falling loads e -
No employee shall b""gpermnted underneath Ioads handled by lifting or
digging equrpmean‘..,_,';Employees shall be requrred to stand away from any
vehicle being loa jed or unloaded to aveld belng struck by any spillage
or falling materrals Operaters may remain in the cabs of vehicles being
loaded or unIoaded when the vehlcles provrde adequate protection for
the operator durlng loading and unloadlng operatlons
Warning system for mobile equrpment '
A warning system shall be used when mobile equipment is operated
adjacent to the edge of an excavation if the operator does not have a
clear and direct view of the edge of the excavation. The warning system
shall consist of barricades, hand or mechanical signals, or stop logs. If
possible, the grade should be away from the excavation.




Workers in Excavations

Hazardous atmospheres

Test the atmosphere in excavations over 4-feet deep if a hazardous

atmosphere exists or could reasonably be expected to exist. A hazardous
atmosphere could be expected, for example, in excavations in landfill

areas, in exoavatlons in areas where hazardous substances are stored

nearby, or in excavatlons near or contalnlng gas pipelines.

Adequate preoautrons shall be taken to prevent employee exposure to

atmospheres oontalmn“"*less than 19.5 percent oxygen and other

hazardous atmospheres" "These preoautlons mclude proper respiratory

protection or forced ventﬂatlon of the workspaoe

Forced ventllatron or other effeotlve means shall be used to prevent

employee exposure to an atmosphere contamlng a flammable gas in

excess of 10 percent of the lower flammability limit of the gas.

When controls are used that are intended to reduce the level of

atmospheric contaminants to acceptable levels, perform continuous air

monitoring. The device used for atmospheric monitoring shall be

equipped with an audible and visual alarm.



Workers in Excavations

Atmospheric testing will be performed using a properly calibrated direct
reading gas monitor. Direct reading gas detector tubes or other
acceptable means may also be used to test potentlaIIy toxic
atmospheres. L

Each atmosphenc testlng lnstrument shaII be callbrated on a schedule
and in the manner. recommended by the manufacturer except

The Department prtor to_ use shall recallbrate any atmospheric testing
instrument that has n f?b'_een used within thirty (30) days.

The Department __:a;lflzfcallbrate each atmesphenc testmg instrument at
least every month and bump test every shift. |

Copies of callbratlon records will be fonNarded to the Safety Coordinator.
Each atmospheric testlng instrument will be field checked immediately
prior to use to ensure that it is operating properly.
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Workers In Excavations

Personal protective equipment
All employees working in trenches or excavations shall wear approved
hardhats and steel toed shoes or boots.
Employees exposed to flying fragments, dust, or other materials
produced by drllllng sawing, sanding, grinding and similar operations
shall wear approved safety glasses with side sh|eIds -
Emponees exposed to;h{azards produced by, or performlng welding,
cutting, or brazmg 0 a'tl'ons shaII wear, as determlned by the Project
Manager, approvedv(sp,e%ctacles or a weldlng faceshleld or helmet.
Employees entermg bell-bottom p|er holes or other similar deep and
confined footing excavatlons shall wear a harness with a lifeline securely
attached to it. The Ilfehne shall be separate from any line used to handle
materials and shall be mdwrdually attended at all times while the
employee wearing the lifeline is in the excavation.
Employees shall wear, as determined by the Project Manager, approved
gloves or other suitable hand protection.




Workers in Excavations

Employees using, or working in the immediate vicinity of, hammer drills,
masonry saws, jackhammers or similar high noise producing equipment
shall wear suitable hearing protection.

Each employee at the edge of an excavation 6 feet or more deep shall be
protected from fallmg Guardrail systems, fences, barricades, covers, or
a tie-back system meetmg the reqwrements of the FaII Protection
Program shall prevrde faII protectlon : s el

Emergency rescue eqmpment such as breathlng apparatus a safety
harness and ||ne and a basket stretcher shaII be readily available where
hazardous atmospherlc condltlons eX|st folg may develop during work in an
excavation. This. equrpment shall be attended when in use. Only
personnel that have received approved training and have appropriate
equipment shall attempt retrieval that would require entry into a
hazardous atmosphere. If entry into a known hazardous atmosphere
must be performed, then the Safety Coordinator shall be given advance
notice so that the hazards can be evaluated and rescue personnel placed
on standby if necessary.



Workers Iin Excavations

Walkways and guardrails

Walkways shall be provided where employees or equipment are
permitted to cross over excavations. Guardrails shall be provided where
walkways, acceSS|bIe only to on- S|te prOJect personnel are 6 feet or more
above lower Ievels Lons e Fov

Protection from hazar_ds assomated wnth water accumulatlon

Employees shall net.;fwork in excavatlons that contaln or are accumulating
water unless preca f have been taken to protect employees against
the hazards poee'" y;water accumulatlen The precautlons taken could
include, for example speCIaI support or shleld systems to protect from
cave-ins, water removal to control the IeveI of accumulatlng water, or use
of safety harnesses and lifelines. =~

If water is controlled or prevented from accumulatlng by the use of water
removal equipment, the water removal equipment and operation shall be
monitored by a person trained in the use of the equipment.




Workers Iin Excavations

If excavation work interrupts the natural drainage of surface water (such
as streams), diversion ditches, dikes, or other suitable means shall be
used to prevent surface water from entering the excavation. Precautions
shall also be taken to provide adequate drainage of the area adjacent to
the excavation. Excavatrons subject to runoff from heavy rains shall be
re-inspected by ihe Project Manager to determlne |f addltlonal
precautions should be ‘taken. . Cogge e L

The Project Manager._ afI'I’,_"rnform workers of the precautlons or
procedures that ‘are-'_to be followed if water accumulates or is
accumulatlng |n_an excavatlon P |




Workers In Excavations

Stability of adjacent structures
The Project Manager will determine if the excavation work could affect the
stability of adjoining buildings, walls, sidewalks or other structures.
Support system's'(sthh as shoring, bracing, or underpinning) shall be
used to assure the stability of structures and the protection of employees
where excavatlen operatlons could affect the stabrllty of adjommg
buildings, walls, or other structures : & o
Excavation below th:e,, Ievel of the base or footlng of any foundatlon or
retaining wall that could be reasonably expected to pose a hazard to
employees sha[l not be permltted except when:
1. A support system such as underplnnlng, is prowded to ensure the
safety of employees and the stab|I|ty of the structure; or
2. The excavation is in stable rock; or
3. A registered professional engineer has approved the determination
that the structure is sufficiently removed from the excavation so as to
be unaffected by the excavation activity; or
4. A registered professional engineer has approved the determination
that such excavation work will not pose a hazard to employees.



Workers Iin Excavations

Sidewalks, pavements and appurtenant structure shall not be
undermined unless a support system or other method of protection is
provided to protect employees from the pOSSIb|e coIIapse of such
structures. : e , i

Where review or approval ofa support system by a reglstered
professional engmeer IS requrred the Department shaII secure this review
and approval in wrrtmgf "efore the work is begun A copy of this approval
shall be prowdedfft’ afe RO S




Workers in Excavations

Protection of employees from falling objects and loose rocks or soil
Adequate protection shall be provided to protect employees from loose
rock or soil that could pose a hazard by falling or roIIing from an
excavation face. Such protection shall consist of
1. Scaling to remove loose materlal .

2. Installation ef protectrve barricades, such as ere mesh or timber, at
appropriate intervals on the face of the slope to stop and lelglezllg
falling materta:l—}' i e e

3. Benching suﬁ?lc;tent to.-.cohtamffalllng materral

Excavation personnel shaII not be permltted to work above one another

where the danger of fallmg rock or earth eX|sts i

Employees shall be protected from excavated materrals equipment or

other materials that couId pose a hazard by falling or rolling into

excavations. -

Protection shall be prowded by keeplng such materials or equipment at

least 2 feet from the edge of excavations, by the use of restraining

devices that are sufficient to prevent materials or equipment from falling
or rolling into excavations, or by a combination of both if necessary.




Workers in Excavations

Materials and equipment may, as determined by the Project Manager,
need to be stored further than 2 feet from the edge of the excavation if a
hazardous loading condition is created on the face of the excavation.
Materials piled, grouped or stacked near the edge of an excavation must
be stable and self-supportlng -

Inspection by-the Praject I\/Ianager a0 »
The departmental PrOJect Manager shaII conduct dally inspections of
excavations, adjacent areas ‘and protectlve systems for evidence of a
situation that could result in: pOSSIble cave-ins, failure of protective
systems, hazardous atmospheres or other hazardous conditions. An
inspection shall be Conducted by the PrOJect Manager prior to the start of
work and as needed throughout the shlft Inspections shall also be made
after every rainstorm or other hazard-increasing occurrence. These
Inspections are only required when the trench will be or is occupied by
employees.
Where evidence of a situation that could result in a possible cave-in,
failure of protective systems, hazardous atmosphere, or other hazardous
conditions, exposed employees shall be removed from the area until
precautions have been taken to assure their safety.



q Of aII mspections



Excavation Protective Systems

Protection of employees in excavations
Employees in an excavation shall be protected from cave-ins by using
either an adequate sloping or benching system or an adequate support or
protective system The only exceptlons are.
1. Excavations made entlrely in stable rock; or
2 Excavatlons Ie$s than 5-feetin depth where exam|nat|on of the ground
Inage -'-"'”"'eyldes no lndlcatlon of a potentlal cave-in.

The slope and col _:ﬁguratlon’bf sloplng’{and benchlng systems shall be
selected and constructed by the PrOJect Manager as follows:



Excavation Protective Systems

Option 1 - Allowable configurations and slopes
Excavations shall be sloped at an angle not steeper than one and one-
half horizontal to one vertical (34 degrees measured from the horizontal),
unless the PrOJect Manager uses one of the other options listed below.
The slopes used shall be excavated in accordance wrth the sIopes shown

for Type C sorl rﬁ*pr.pendrx B

2 [0'_ éSiand conflguratrons usmg Appendlx A& B
ar _:va_,allowablef}conflguratlons for sloping and
et;the requrrements set forth in appendix A &

Optlon2 Determ/rnatr.
Maximum allowab

Option' 3 - Designs us _gother tabulated data |
The design of sloping or benchlng systems may be selected from, and
shall be constructed in accordance with, other tabulated data, such as
tables and charts. The tabulated data used must be in written form and

include all of the following:



Excavation Protective Systems

a. ldentification of the factors that affect the selection of a sloping or
benching system;

b. Identification of the limits of use of the data, including the maximum
height and the angle of the slopes determined to be safe;

c. Other |nformat|on needed by the user to make correct selection of a
protective .,s"_"_‘fif,;_"tem et 0 e

One copy of the tabulated data that ldentlf es the reglstered professional

engineer who _approv‘ the data shall be malntamed at the job site during

construction of the | tve system After that time the data may be

stored off the jebf’SIte',_but;a copy of the data shaII be made available to

the Safety Coordlnater upen request -

Option 4 --Design by a reg,lstered professlonal ,ehgiheer.
Sloping and benching systems not utilizing Option (1), Option (2) or Option
(3) shall be approved by a registered professional engineer.



Excavation Protective Systems

Option 4 - Design by a registered professional engineer
Sloping and benching systems not utilizing Option (1), Option (2) or Option
(3) shall be approved by a registered professional engineer.

Designs shall be in written form and shall include at least the following:

a. The maX|mf;i;-'_;'_Z;f'\ helght and angle of the slopes that were determined

to be safe for the '-p'artlcular'pro;ect L
b. The |dent1ty-aof‘?’ is "rofessmnal engmeer approvmg the
deS|gn i o
At least one co he design sha'II‘_.-;'f;l;){ mamtalned at the job site while
the slope is bel‘" "strUcted After that time the design need not be at

the job site, but a eepy shaII be made avallable to the Safety Coordinator
upon request. : s













Monitoring Confined Spaces

. Collectasample from
top, middle, and bottom
or every4feet s

‘ —p055|ble

‘samplmg,,,._bﬁ t"
or rest on the bottom

. Check for 02, LEL, and
Toxic vapors in that
order



Oxygen In Atmosphere

During atmospherlc
testing, Oxygen
concentrations should be
between 19.5% and"'-;‘j G
23. 5% S £

Oxygen Percentage in Atmosphere

Typical Oxyger
concentration i
atmospherezllz 2

~ Normal Atmosphere

Any readmg below
is classified as Oxy
deficient and ID|_'zH_~-'
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Any Reading above
23.5% is classified as
Oxygen Enriched.



Flammability (LEL)

The Explosive Range is
the measurement of fuel in
atmosphere.

Explosive Range in Atmosphere

Too Lean Too Rich
If the % of fuel is beIQw the | |
LEL then thereisnot .
enough Fuel to supp"‘i
combustion (Lean). If
% of fuel is above
there is too much f
support combus.th,

Flammable Range

% of Fuel in Air

Upper Explosive Limit

0
x
LLl
o
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3
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=

Between the LEL and the:
UEL is the Flammable
Range, here there is the
correct amount of fuel for

the amount of oxygen to
support combustion.

=
m
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Tomc Gases

A PEL is a quantity usuaIIy g
glven as a tlme—Welghted Toxic Gases in Atmosphere
average (TWA), which is .

the average exposure
workers have toa
substance without .
experlencmg s19m

Over Exposed Over Exposed
Quantity § Quantity and Duration

>
Fer
=
=
®©
e,
(@)

exposed.

Over Exposed
Duration

Chemical exposures 5 Eball

should remain below the Duration
PEL or TWA of that

chemical unless additional

protective equipment is

worn.




Nine Basic Rules for
Atmospheric Nonitoring

Know monrtor s I|m|tat|ons per manufacturer
Know monrter s operatronal parameters o
Always fresh;a_tr calrbrate monrtor

Be sure aII b ,s.,a 4 c'harged after eac.:_ USG.‘:‘?’;,“; e
Power on monltor in knewn atmosphere e







Respiratory Protection

This does not apply to contractors as they are responsible for providing
their own respiratory protection programs and respiratory protective
equipment. This is a risk management program designed for the selection
of respiratory protectlon a rescue team should wear,

Supervisors shall contact the HSEQT Manager pnor to non-routine work,
which may expose workers to hazardous substances (o] oxygen deficient

atmospheres. Examples of Werk WhICh may reqwre the use of resplrators
includes, but are not}-lr’"f edto: _

Asbestos abatementactlvmes L

Abrasive blastmg ik bR Ry '. ke

Cutting or meltlng Iead or stnpplng Iead based palnts from surfaces
Welding or burning

Painting, especially with epoxy or organlc solvent coatings

Using solvents, thinners, or degreasers

Any work which generates large amounts of dust

Working in a confined space




Respiratory Protection
Procedure

Procedure:

Selection — Respirators shall be NIOSH-approved and selected on the
basis of the potenti_al hazards to w_hic_h'the worker is exposed.

Medical Evaluatlons — The employee shall fill out a Medlcal Evaluation
Questionnaire (MEQ) "’before being fit tested. In the event of prolonged
respirator use, the wearer should have a ‘medical examination to
determine if he/she | -_'_edlcaliyé' able to Wear respiratory protective
equment,_WItth fe] ,Avatl‘ng a pre exr_".f;v;mg medlcal condltlon

Resplrator Fit Testlng A flt test shall be used to determlne the ability of
each individual respirator wearer to obtain a satlsfactory fit with any air-
purifying respirator. Quan_tltatlve fit tests will be performed. Personnel
must successfully pass the fit test before being issued an air-purifying
respirator.



Respiratory Protection
Procedure

Training — Appropriate training and instructions in the proper use of each
type of respirator shall be provided. Respirator users and their supervisors
will receive training on the contents of the Respiratory Protection Program
and their responsibilities under it. They will be trained on the proper
selection and use, -as well as the Ilmltatlons of the resplrator Training also
covers how to ensure a proper fit before use and how to determlne when a
resplrator iS no [onge’ \ndlng t e;_'gprotectlon mtended

Types of Resplrators .
1. Air-Purifying Resprrator

These resplrators remove air contamlnants by fllterlng, absorbing,
adsorbing, or chemical reactlon with the contaminants as they pass
through the respirator canister or cartridge. This respirator is to be used
only where adequate oxygen (19.5 to 23.5 percent by volume) is
available. Air-purifying respirators can be classified as follows:



Respiratory Protection Types

2. Particulate removing respirators, which filter out dusts, fibers, fumes
and mists. These respirators may be single-use disposable respirators or
respirators with replaceable fiI~ter_s‘., '

NOTE: Surglcal masks do not prowde protectlon agalnst air contaminants.
They are never t@b_e“used |.‘ *'place of an aw-purtfylng resplrator They are
for medlcal use on}y POt N O

3. Gas and vap‘ resplrators \‘ﬁ_whlcﬁ_:_,remove spec:lflc individual
contaminants ora rnfbjn-a _"lo'n?of contamlnants by absorptlon adsorption
or by chemical reactlon ’*_Gas masks and chemlcal-cartrldge respirators are
examples of gas- and vapor-removmg resplrators G

4. Combination particulate/gas"and Vapor-removing respirators, which
combine the respirator characteristics of both kinds of air-purifying
respirators.



Respiratory Protection Types

5. Supplied-Air Respirators

These respirators provide breathing air independent of the environment.
Air must be Grade D or better and cylinders containing air must meet DOT
requirements. A Certificate of Analysis must accompany any cylinder that
is being used for breathlng air. Such respirators are to be used when the
contaminant has insufficient odor taste or |rr|tat|ng warning properties, or
when the contammant is of such high concentratlon or toxicity that an air-
purifying resplrater is madequate Supplled alr resplrators also called air-
line respirators, _:are.ficliasssfled as follows s

a. Demand - s resplrator supplles alr to the user on demand
(lnhalatlon) WhICh creates a negatlve pressure within the facepiece.
Leakage into the faceplece may occur if there IS a poor seal between
the respirator and the user’s face.

b. Pressure-Demand - This resplrator malntalns a continuous positive
pressure within the facepiece, thus preventing leakage into the
facepiece.

c. Continuous Flow - This respirator maintains a continuous flow of air
through the facepiece and prevents leakage into the facepiece.




Respiratory Protection Types

6. Self-Contained Breathing Apparatus (SCBA)

This type of respirator allows the user complete independence from a
fixed source of air and offers the g’reatest degree of protection but is also
the most complex. Air must be Grade D or better and cylinders containing
air must meet DOT reqwrements A Certlflcate of Analysis must
accompany any ;gffj_hnder that ds. belng used for breathlng air. Training and
practice in its use andi \aintene “nce* s_-fessentlal ThTS type of deV|ce will be
used in emergenCﬁ_ on ' 8




Respirator Cartriges

|dentification of Respirator Cartridges and Gas Mask Canisters

Respirator cartndges and canlsters are deS|gned to protect against
individual or a combination of potentlally hazardous atmospheric
contaminants, and»"fjare speCIflcaIIy labeled and cdlor ceded to indicate the
type and nature I:!arotectlon they prowde - =iy

‘svpeCIfy the maximum
artndge or canister is

An apprd‘{iedx};
concentration
approved For

‘DO NOT WEAR IN ATMOSPHERES IMMEDIATELY DANGEROUS TO
LIFE. . MUST BE USED IN AREAS CONTAINING AT LEAST 20
PERCENT OXYGEN. DO NOT WEAR IN ATMOSPHERES CONTAINING
MORE THAN ONE-TENTH PERCENT "ORGANIC VAPORS BY
VOLUME. REFER TO COMPLETE LABEL ON RESPIRATOR OR
CARTRIDGE CONTAINER FOR ASSEMBLY, MAINTENANCE, AND
USE.”



OSHA Cartridge Color Code

Contaminant

Acid gases

Hydrocyanic acid gas

Chlorine gas

Organic vapors

Ammonia gas

Acid gases and ammonia gas

Carbon monoxide

Acid gases & organic vapors

Hydrocyanic acid gas and chloropicrin vapor
Acid gases. organic vapors, and ammonia gases
Radioactive materials, except tritium & noble gases
Pesticides

Multi-Contaminant and CERN agent

Any particulates - P100

Any particulates - P95, P99, R95, R99, R100
Any particulates free of oil - N85, N99, or N100

Color Coding on Cartridge/Canister

White

White with 1/2 inch green stripe completely around the canister near the bottom.
White with 1/2 inch yellow stripe completely around the canister near the bottom.
Black

Green

Green with 1/2 inch white stripe completely around the canister near the bottom.
Blue

Yellow

Yellow with 1/2 inch blue stripe completely around the canister near the bottom.
Brown

Purple (magenta)

Organic vapor canister plus a particulate filter

Olive

Purple

Orange

Teal
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Respirator Failure Signs

WARNING SIGNS OF RESPIRATOR FAILURE
. Particulate Air-Purifying

When breathing diffi‘culty is encountered with a filter respirator
(due to partial clogging with increased resistance), the filter(s)
must be replaced Dlsposable fllter resplrators must be discarded.

n.  Gasor VaporAlr-Purlfylng

If, when u3|ng*’~a‘:§;gas or vapor resplrator (chemlcal cartridge or
canlster) any. off?f-‘the warnmg propertles (e.g., odor, taste, eye
irritation, or resplratory |rr|tat|on) occur promptly leave the area
and check the followmg ol

Proper face seal i
Damaged or mlssmg resplrator parts
Saturated or mapproprlate cartrldge or canister

If no dlscrepan0|es are observed, replace the cartridge or canister.
If any of the warning properties appear again, the concentration of
the contaminants may have exceeded the cartridge or canister
design specification. When this occurs an airline respirator or
SCBA is required.



Respirator Failure Signs

WARNING SIGNS OF RESPIRATOR FAILURE

V.

doubt abou

Service Life of Air-Purifyi‘nvg Respirator Canisters and Cartridges

The canisters or cartridges of air-purifying respirators are intended
to be used until filter resistance precludes further use, or the
chemical sorbent is expended as signified by a specific warning
property,aeg ‘odor, taste, etc. New canlsters cartridges or filters
shall always bej;provlded when a resptrator is reissued. When in
;;j_prewous use of the resplrator obtain a
replacement can.lster or cartrldge

Supplied A|r Resplrator

When usmg an alrllnes resplrator Ieave the area immediately
when the compressor failure alarm is actlvated or if an air
pressure drop is sensed. When using an SCBA leave the are as
soon as the air pressure alarm is activated.

=



Respirator Selection
PROCESS OVERVIEW OF RESPIRATOR SELECTION:

1. Ascertain the PEL from the SDS of the chemical you are trying to
protect yourself from. -

2. Plug the PEL |nto the foIIowmg NIOSH Formula to f|nd the limitation of
the resplratorwf""'" - e o

Half Face Negative = Limitation

Full Face Negative-Pressu ¥ 2B EEL = Limitation
Full Face Positive A .'Pgnfylng Resplrator PAPR 100 x PEL = Limitation
Full Face Supplled—_ lr_lfResplrator e T SAR ] 1 000 x PEL = Limitation

Full Face Self Contalned Breathlng Apparatus SCBA 10 000 X PEL = Limitation

3. Monitor the area to determinethe Coneentration of that chemical

4. Select the appropriate respirator with the limitation that supersedes
the monitoring resuilt.



Respirator Selection

NIOSH Formulas PEL

HF 10 X 1o = IOpme I
FF 50 X Loon =[50memX
PAPR 100 x 1on #£]1000n ).
SAR 1,000 x Loon ={2,000:0n

SCBA 10,000 X Zoon =[20,000:0r]
Perform Atmospheric
1

Monitoring

Step ll for Specific Chemical

MSDS v Note: In this example for
Benzene Benzene, the monitor result
is 5¢ pp, the lowest safe
leve| Of respiratory protection

would be a PAPR. due to
O PEL the protection faCtor being
TWA= 8 Hours above the reading. If PAPR'S
are not available then breathing

air (SAR'S) heed to be worn.
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Breathing Air Calculation

A human breathes volume, not pressure. Therefore, to calculate usable air
by individuals or groups we must convert the pressure reading on the
gauges to volume. The following form"_ula converts PSI to Ft3.

XY(ABE &

')é

fhat we are solvmg for)

Y = Number of Cylmder‘v (6.‘."‘:Pack of breathlng alr would be 6 for example)
A = Regulator Pressure rn PSI (equahze aII the cylmders and look the
gauge) ueﬁle;, -3 o7 _ --..;

B = Reserve Pressure (Approxmately 25% Cyllnders air by Volume. On
most Type G Cylinders this number is 500 PSI)

Z = Cylinder Divider (Requires knowing cylinder PSI when full and Volume
of Cylinder When Full. The average Type G Cylinder is 300Ft3 at 2,400
PSI). Divide the Cubic Foot by the Pressure (300/2400=.125)

X = Volume of A|r (Th“ s



imple: Lets say
all of the cylinders

5
EZATE

X=6(1800-500).125  X=6(1



Breathing Air Calculation

The result is 975 Cubic Foot of “usable” air. Remember, we had to remove
25% of the cylinders volume as a safety factor so we do not run out of air
that is where the "usable” part comes .'_from.

Now we must calculate our breathing rate.

On average, a huma ,'A:.,'.:ffould_ "breathe between 1 5 and 2. O Ft3 per minute.
As a general rul Unless I‘-.-f_-know the mdlwduals breathmg rate, from
statistics) | alway calculate usmg 2 0 i

As a side note aﬁdv“’ahoth-e‘f_gUideIi'ne 'yeLi"e'hno.L‘lId_ﬁe-Ver’ have more than
one person breathing off of one cylinder. So in this example, there should
not be more than 6 people using the 6-pack of breathing air.

6 people breathing at 2 Ft3 per minute = 12 Ft3



Breathing Air Calculation

Now take the 975 Cubic Foot of “usable” air and divide it by the 12 Ft3 per
minute of consumption.

975/12=81.25 .
81.25 Minutes of air. That means a 6-pack of breathing air that has
1800psi will last 6-people with a breathing rate of 2.0 Ft* per minute:

Time Conversion Chart
(Minutes to Decimal Hours)

Remember this is a d o
equation for time so here is -
a conversion chartto help: =~

(4 |07 24 |40 |44 |

|5 (08 |25 |
(6 [0 26 |
(8 |13 28 |
(9 [ |29 |
(20  [33 |40 |

.67



Supplied Air Set-up




Supplied Air Set-up

Place Breathing Air Cyllnders uph|II or upwind as close to the entry point
as possible. - 4
« Usage should not exceed 1 person per cylinder
Connect High- Pressure Hose (OPTIONAL) to connect the regulator to
the cylinders. .A
Trynottoe fj'...,,;e,d 500ft of ngh Pressure Hose e
Verrfy th_at ngh Pressure Hose has CGA—346 Flttrngs
Connect the ressure b’”lt’éa‘larm to the cylinders.
»  Verify th 346 Flttmgs
- Tighten t 1/ o'rr’o‘n_lY.,hand tight if it has a
hand whi A
Connect the‘f‘Mam it ;
the regulator ’ As
« Only8 people can operate per regulator
« Do not use a manifold if: only one person is wearing breathlng air equipment
Connect Low-Pressure Hose to Regulator
- Do not use more than 250ft of low pressure hose or 5 connections
Connect the Point of Attachment this could be a 5-minute or SCBA with

hose line capabilities.

Id:(_OPTIONAL);LIf multlple= pe‘ople are workmg off of



Emergency Egress Line

Emergency Egress rne (EEL) may be nece’ssary for vessels that would be
to large, deep or Configured to egress WIth only 5 mlnutes of usable air.

The EEL would consist of the foIIowmg |

- A separate (stand-alone) 300 ft3 cylinder (or bank of cylinders) of
breathing air

* A regulator with a low-pressure bell alarm

 Alow-pressure hose suspended in the vessel at waist height to the
rescuer



SCBA Checklist

Check gauge to see that the
bottle is full 2
Check straps to see theyare
fully extended -

Tighten shoul;der straps sQ o
pack is. sﬂtlng pmperl'y*on;‘th‘e*;;..;;-_,,

inplace
Tighten che _\strap (|f L
provided)

Do a final tlghtenlng of face |
mask straps (chin, temple, top)‘

Do a fit test (cover hole on
mask or end of the hose)

Completely open the flow valve
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Energy Isolation
RESPONSIBILITY

Rescue Technicians shall be instructed in the safety significance of the
Lockout / Tagout precedures, as well as how to use those procedures, by
the Project Manager. Only authorized technicians may lockout or tagout
machines or equment All authorlzed techmmans shaII be identified on
each Hazardous' Energy Control Form. o

1. Affected techmcrans and any other techmmans whose work operations
are or may be in the affected area erI be mstructed in the purpose and
use of the Iockeut L tagout procedures by the prOJect manager.

2. Affected technlcrans or their job titles shall be identified on each
Hazardous Energy Control Form. The authorized technicians will notify
them whenever a lockout or tagout will occur, as well as when the
equipment is being placed back in service.

3. ltis the responsibility of each authorized technician to provide all
Hazardous Energy Control Procedure Forms to the Project Manager.

4. The HSEQT Manager shall do an annual inspection of the
lockout/tagout program to ensure that procedures and requirements
are being followed.

=



Energy Isolation
PREPARATION FOR LOCKOUT OR TAGOUT

1. A survey shall be made to locate and identify all energy sources to be
certain which switch, valve, or other energy isolating devices apply to
the equipment to be locked or tagged out. More than one energy
source (electrlcal ‘mechanical or others) may be involved. Findings of
this survey will be documented on the Hazardous Energy Control
Procedure Form fcrsth_e equrpment or machme to be de-energized.

2. ldentify all affecte:d echnicians by name or therr jOb tltle that may be
involved in the lmpendlng I@ckout / tagout '

THIS ENERGY SOURCE
HAS BEEN LOCKED OUT!
UNAUTHORIZED REMOVAL OF

' e h, c,\k? p
THIS LOCK/TAG MAY RESULT l (’(‘ l(("] l S S
IN IMMEDIATE DISCHARGE. Al

L £ "
REMARKS: E
4 v%
——— yots Ltd
Reece Safety Products
— Tel: 01422 310456
—_— WWW. reecesafely.couk

2




Energy Isolation

LOCKOUT OR TAGOUT SYSTEM PROCEDURE

1.

Notify all affected technicians that a lockout/tagout system is going to be
utilized and the reason. The authorized technician shall know the type
and magnrtude of energy that the machlne or equrpment utilizes and
shall understand the hazards. -

Shut down the equrpment by normal stoppmg procedures Operate the
equipment to ensure: equment is off. 2 -

Operate the swrtch vaive or other energy rsolatrng device so that each
energy source (electrrcat mechanrcal hydrauhc etc) Is disconnected or
isolated from the equrpment at the main drsconnect Stored energy such
as that in capacrtors sprrngs elevated machine members rotating fly
wheels, hydraulic systems, air, gas steam or water pressure; must be
dissipated or restrained by methods such as grounding, repositioning,
blocking, bleeding, etc.

Authorized personnel shall lockout and tagout the energy isolating
device with designated single keyed padlock and “DANGER - DO NOT
OPERATE" tag. The tag shall contain: name of the authorized person
and reason for isolation; a multi hasp device shall be affixed to the lock.



Energy Isolation

After ensuring that no personnel are exposed, and as a check on having
disconnected the energy sources, the authorized person shall try to
activate/start the equipment or machine at the remote push start button
or other normal operatlng control to make certain equipment will not
operate. CAUTION - return operatlng control(s) to neutral or “off”
position after the test. - _ ~

Each technician: performlng malntenance SeI"VICIng or cleanlng activities
on the de- energlzed machme or equnpment shall then place his / her
single keyed desngnated pad Iock and tag (statlng ‘DANGER - DO NOT
OPERATE” WIth hIS / her name date and reason) on the multi lock
equipment at the remote start Contro_l pnorto performlng work activities.
Periodic inspections of the lockout/tagout system shall be completed by
the on-site safety supervisor. A record of when the inspection was done
should be written in the Daily Job Log.



=

Energy Isolation

GROUP LOCK OUT

1.

In instances when numerous technicians will be performing work
activities on a piece of equ1pment and the magnltude of locks would be
impractical, a multi group lock may be utilized.

After isolation of the equment by the authorlzed person, the Foreman
in charge of the work task shaII pIace hls/her Iock and tag on the muilti
hasp lockoutdevice.. .~ ‘

The Foreman shall ,then'f plaoe _e{{key m a deSIgnated Iock box or
cabinet. ol e e S

Each techmcian; performlng work act|V|t|es shaII place his / her lock and
tag to a multi hasp Iocklng device to the Iock box / cablnet controlling
access to the Rescue Lead S key b




Energy Isolation
RESTORING EQUIPMENT TO SERVICE

1. After servicing and / or maintenance is complete, all tools have been
removed, guards have been relnstalled and equment is ready for
normal production operatlon % »

2. Each craftsman / serV|ce personnel shaII remove hIS / her lock and tag.

LOW ED TO REMOVE ANOTHER |

3. The Rescue Lead’shall mspect the machme or equrpment to ensure all
activities are complete and equupment s ready for service prior to
removing his / her pad lock and tag. .

4. The authorized technician sha\llcheck the area to ensure that no
technician is exposed, prior to removing his / her lockout / tagout device
and restoring energy to the machine / equipment.



=

Energy Isolation

EXTENDED WORK ACTIVITIES: will involve more than a single work shift
1. The authorized technicians locking device will stay affixed to the control

| energy sources until job task is complete and system is to be re-
energized. '

Each craftsman / service person of the off gomg shift shall remove his /
her pad lock and tag, as the oncoming shift at the beglnnlng of the next
working day reapplres thelr Iocks and tags

EXTENUATING REM.VAL‘T"-.OF L.CKS

1.

Any techn|0|an transferred to another task/ aSS|gnment and no longer
working with / on the equrpment/ machlne lnvolved shall remove his
lock and tag upon transfer. R |

In a case where an technician has |nadvertent|y Ieft his / her lock and
tag in place and work activities are complete or key is lost.

The Rescue Lead shall make every attempt to locate the individual or
key for removal.

If the technician / key cannot be located; the Project Manager shall
assure equipment is ready to be placed in service.

The Project Manager shall be present at physical removal of said lock.






Ventilation

In OSHA’s confined space standard 29 CFR 1910.146, they do not
specify how many air exchanges must be circulated per hour. Some
state laws require a minimum air exchange amount of 6 times per hour,
but that number is by no means uni’versal. o

A common rule O"f thumb has aIways been 5 complete air exchanges
prior to entry and at least that per hour durlng entry There are other
experts who advocate 7 or 10 complete changes before work begins.
Some manufacturers of ventllatlon products recommend 20 air
exchanges just to be on the safe S|de but the best way to determine
safety for your partlcular space is by performlng a complete and
accurate atmosphere evaluatlon with proper instrumentation.

In practice, ventilate for as long as possible before entry, and those who
plan their days well often set up the equipment and get it fired up far in
advance of the scheduled work. Ongoing monitoring of the space using
a monitor allows entrants to make sure the atmosphere stays safe.




Ventilation

1. Use the applicable geometric shape formula to get the volume
(estimated volume) of the space. — Example: L x W x H for a
Rectangle (measured in feet)

2. Multiply that volume by the number of times you want to change out
the space — Example 6 Times: per hour G

3. Find out the cfm (Cubic Foot per Minute) of the A|r Mover in which you
are going to use — Example 2,000 CFM e

" "_i;;si“_,_,l,,:iailr mover's capablhtles (to calculate {o]§

shape pace, pneUmatlc deficiencies, power surges or

load, manwaygrf"""-trlctibns;' Example: 2,000 x 80% = 1,600

4. Calculate usmg 80%f

etc.)—
5. Divide the totat volume from step 2 by step 4 ThIS WI|| give you the
minutes it takes to exchange that volume |

L=20ft W=151t H= 60ft Volume = 18 OOOft3
18,000ft3 x 6 = 108,000ft3 « ~» « = ~

108,000ft3 / 1,600cfm = 67.5 minutes

Since the answer is greater than 60 (minutes of air) then 2 air movers
should be used to achieve at least 6 times per hour. Further reduce risk by
using 1 pneumatic and 1 electric in case of source failure - Redundancy



=

Ventilation

Volume of a Rectangle

To find the volume of any rectangle you need to know the length, width and
height. The formula to flnd the volume multlplles the Iength by the width by
the height. s | e

=
s '\,_; e

Volume = |_ % WXH




Ventilation

Volume of a Cylinder

Calculating the volume of a cylinder involves multiplying the area of the

base by the height of the cylinder. The base of a cylinder is circular and the
formula for the area of a circle is: area of a C|rcle 1'rr2 There is more here
on the area of a C|rcle ' '

,(.».r e ¢ e

cylinder W|th helght and..}radlus marke:d.
Volume = Area of bas PR

Volume = Tir2 x h;;_~

Volume = 1ré h




lation

Vent

Ventilation Ty}pe,_;s';ff &






Decontamination

"Decontamination” means the removal of hazardous substances from
employees and their equipment to the extent necessary to preclude the
occurrence of foreseeable adverse health affects.

Decontamlnatlon - |
1. General: Precedures for aII phases of decontamlnatron shall be
developed and lmplemented |n accordance wrth this paragraph

2. Decontamlnatroniprocedures S ov et s
i. A decontamination procedure shaII ~be developed,
communlcated to employees and |mplemented before any
employees or equrpment may enter areas on site where
potential for exposure to hazardous substances exists.

ii. Standard operating procedures shall be developed to minimize
employee contact with hazardous substances or with
equipment that has contacted hazardous substances.




Decontamination

All employees leaving a contaminated area shall be
appropriately decontaminated; all contaminated clothing and
equipment leaving a contaminated area shall be appropriately
dispose:d- of or d'econtaminated., -

Decontamrnatron procedures shall be monrtored by the site
safety and health supervrsor to determme their effectiveness.
When such ,.ocedures are found to be ineffective, appropriate

_steps shaIJ;-be’f"taken to correct any defrcrencres

Locatlon Decontamrnatron shaII be performed in geographical
areas that WI|| minimize the exposure of uncontaminated
employees or equipment to contaminated employees or
equipment. The next two pages show examples of more complex
decontamination procedures or areas that may need to be set up.




Contamination Reduction

Redress: Boot Covers &
QOuter Gloves

] “—__ WIND DIRECTION

Optional T

Decon

Solution
Water Cartridge

or Canister

\ Change-over
Paoint
Decon Quter I ‘ Remove

_ Garments Boots/Gloves &
Equipment Remove & -@u = ‘Duter Garments for |—=

Drop Boot Covers Disposal & Off Site
& Quter Gloves) Decontamination

] \,/_
| -\-\I-
\_ ,
Can Can

( 55gallon) (55 gallon)

HOT ZONE ' WARM ZONE

F'Iastic:Sheet
of
Chemical Resistant
Tarp




Contamination Reduction
Zones

Ambulance

1 1 pcrking
Hot' zone / point
Casualty === B Ambulance

Decontamination clearing loading
station === p  point




Decontamination

Equipment and solvents. All equipment and solvents used for
decontamination shaII be decontaminated or disposed of properly.

Personal protectlve clothing and equment

Protectwe clothing and equipment shaII be decontamlnated
cleaned,- Iaundered marntarned or replaced as needed to
'marntaln ther effectrveness SO

Employees whose non rmpermeab1e cIothlng becomes wetted

with hazardous substances shall |mmed|ately remove that
clothing and proceed to shower. The clothing shall be
disposed of or decontamlnated before it is removed from the
work zone. -

Unauthorized employees. Unauthorized employees shall not
remove protective clothing or equipment from change rooms.




Decontamination

7. Commercial laundries or cleaning establishments. Commercial

laundries or cleaning establishments that decontaminate protective
clothing or equipment shall be informed of the potentially harmful
effects of exposures to hazardous substances

Showers and change rooms Where the decontamlnatlon
procedure |nd|cates a need for regular showers and change rooms
outside of a cont rnlnated area, they shall be provided and meet
the reqwrerne_:ts:::of 29 CFR 191@ 141. If temperature conditions
prevent the effective use of water then other effectrve means for
cleansing shall be provrded and used
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Heat Stress

Heat stress generally describes the effect of heat, from any source, on the
organs of the body and the person as awhile. The stresses of heat on the
body manifest themselves in five common ailments:

 heat exhau‘sti'on -

» heat cramps

« heat stroke TR
e heat SynCOpe o s e
» heatrash

leferent partsfo‘_:'_.:_he country and world have dlfferent envrronmental
conditions, which affect this. generlc standard Local practlces average
temperatures, and common worklng habrts should be considered.

Once heat levels become higher than 95°F for whatever reason (natural
weather conditions or mechanical heat sources), the rescue lead should
instruct his/her safety advisor or request assistance to develop a heat stress
management plan for the project. The following Heat Advisory Chart should
help in the development of a Heat Stress Management Plan in most
scenarios.




Heat Advisory Chart

ADVISORY

LEVEL

NORMAL PPE

ADDITIONAL PPE

Fluids — Every Hour (Recommended)
Temp. Inside Confined Space Cannot
Exceed 100° F — (Mandatory)

Implement at Least One of the Following:

Heat Stress Prevention Plan Required
Fluids — Every 20 Minutes (Mandatory)
Temp. Inside Confined Space Cannot

Nitrogen (Cooled)
External Cool Device (AC)

I I I Personal Cool Device (Cool Vest)

Exceed 100° F - (Mandatory)
Consider Alternate Work Plan
Implement at Least Two of the
Following:
External Cool Device (AC)
Personal Cool Device (Cool Vest)
Rotate Personnel, Buddy
System/Add to Work Team
Plan Work at Cooler Time of Day

Rotate Personnel, Buddy

System/Add to Work Team
Plan Work at Cooler Time of Day
(If Possible)

.|
Fluids — Every Hour (Recommended)

Temp. Inside Confined Space Cannot
Exceed 100° F — (Mandatory)
Implement at Least One of the
Following:
— Nitrogen (Cooled)

>90° F External Cool Device (AC)
Personal Cool Device (Cool Vest)
Rotate Personnel, Buddy
System/Add to Work Team
Plan Work at Cooler Time of Day
(If Possible)

Fluids — Every Hour (Recommended)
Rest Breaks — Every 2 Hours
(Recommended)

Cool Device - (Optional)

<100° F

Fluids — Every Hour (Recommended)
Rest Breaks — Every 2 Hours
(Recommended)

Cool Device — (Optional)

Fluids - Maintain Adequate Hydration
Rest Breaks — Self Pace
Cool Device — (Optional)




Heat Stress

The plan should contain the following data:

Temperatures expected to be found in the work place based upon
environmental factors such as air temperature, relatlve humidity, air
velocity, and thermal radlatlon i

Based upon temperatures found a ratlon of Work tlme versus rest
periods, with work perr.ods reducmg Whlle rest perlods increase as
temperature rlses | e 7

A medlcal momtormg program for those people exposed to heat stress
and those hlghly susceptibte to heat stress (the obese, unacclimatized
workers, workers with cardio circulatory: diseases, and employees who
may take medications or the heavy use of alcohol.

The plan should include a cooler than ambient temperature rest location,
delivery of iced drinking, and a plan for replenishment of salt within the
body.










Glossary

Accessory Cord — Any low-stretch cordage [rope] made from nylon, Spectra, or Kevlar
fibers and used for any number of purposes. Generally, any cord smaller than 9mm is
considered an accessory cord.

Active Protection — Rock climbing protection (camming devices) which have moving parts
as part of the cammlng mechanlsm Spnng -loaded cammlng deV|ces are considered
“active’. St ,

Air Monitoring — Those actions needed to |nsure atmosphenc safety during a confined
space emergency through the use of specialized monltonng equipment. Air monitoring is
the single most |mportant dlagnosttc tool used in maklng a confined space emergency
atmospherically safe. Ventllation is the prescnbed treatment. Air monitoring must continue
during the full exten_t""’ f the rescue and must work rn harmony W|th the ventilation sector.
The areas of pnma{f;“, Cdncern are - e iy

1. The opening of ti the space. _.'1'5'"{:. e

2. The source of a|r belng Supp|led to the space

3. The air being drafted from the space.

4. The interior of the space (personal monitors on the entry team).

Anchor — Any means of attaching the rope to an object. It may be a natural anchor such as
a tree or rock formation, or an artificial anchor provided by the rescuer, such as a bolt or
rock protection.




Glossary

Anchor Types:
Single Point Anchors:
Anchors that originate from one location, such as a pole, tree, bolt, etc. A single
point anchor may ol bombproof or may be a marginal component of an anchor
system. -
Tensioned Anchors - . Rz S
Anchors worklng m harmony by V|rtue of a back- tle system
Hard Ascender - Hardware cam'mlng deV|ces WhICh grlp the rope in one direction.
Belay System = Protectjon ag‘ 1sta fall by handllng a secondary unloaded rope (belay rope)
in such a manner. that is may be taken in or let out yet can be secured to hold this load in
case of failure of the worklng Ime or rappel fing; 0 aas R :
Bolt — Artnﬂcral rellable means of anchorlng in rock requrrlng the drllllng of holes and the
placement of bolts. s M L SR RS
Brake Rack — A friction devnce used for rappelllng or the safe control of lowering systems.
Typically, the brake rack employs multiple friction bars held in place by a steel frame. The
friction bars are capable of collapsing or loosening around the rope, therefore providing the
needed friction for the safe control of the descent.
Carabiners — Hardware used for the purpose of connecting any two points of a given rope
system. Carabiners typically employ a self-closing, gate as apposed to other connecting
hardware that employ manually operated screws that close the opening, see screw-links and
tri-links.




Glossary

Change of Direction Pulley — A change of direction is a pulley on the anchor that directs the
last leg of rope to the haul team, notated (cd).

Compound Mechanical Advantage Pulley System — Any pulley system that is made up of
two or more simple pulley systems. Example; a compound 6:1 could be a 3:1 pulling on the
end of a 2:1, or a 2:1 pullingona 3:1. The srmple components are multiplied to give the
compound mechanlcal advantage '

Cordelettes — TyplcatLy, a small rope typrcally 8 mmor 9 mm and approximately 10 meters
long, used for ngging Example small puIIey systems Whlpplng and frapping, etc.

Critical Point Test —A test rescue teams use 1o determlne the |nherent safety within a rope
rescue system. In order to pass. the Crltlcal Pomt Test a system must have no point or
single piece of equr ment Whl'*‘h;-f_ were |t to fall Would cause catastrophlc failure of the
entire system. fL- e AR Sl TR

Directional Pulley -;dtrectlonal |s a pulley or pulleys between the puIIey system and the
load to be raised, notated (CD) or (1:1) . s -

Dynamic System Safety Factors — (Movement and maX|mum system stress with a
suspended load) the ratio between the load and the weakest link in a system using the
rated breaking strength of each piece of equipment in the system and a theoretical
prediction of those factors that will add maximum stress to the system. For instance, any
part of a given system will only hold 6000-Ibs. and the work being placed on the system is
1000 Ibs, including approximately 20’ of rope drag at or over the edge, will in effect double
the weight of the load on a raising system. The Safety Factor would then be approximately
only a 3:1. A 7:1 Dynamic System Safety Factor is a realistic goal when a belay rope is
present.




Glossary

Ganged Mechanical Advantage Pulley System —When a separate rope used for a MA
system is attached by a haul grab to another MA system for the purpose of lifting or
lowering a load.

Hardware — Those components of a rope system that are made of metal.

Haul Field — The haul fleld is the available distance a hauIer or haulers can run out or the
space that they have to stand and pull.

High Directional = A means of. suspendlng a Ioaded rope at Ieast 2 meters above the edge
so that edge trauma is. reduced There are structural natural and art|f|C|aI high directionals.

Horizontal Systems Any-"ad-"'unct rope system thatis employed for the purpose of
changing the onglnal_ d_lrectl,ON‘of.the marnhne and belay Ilne systems :

Loaded Changeove ose actlons needed to cenvert the malnlrne from a lowering
system to a ralsmg system’ whlle the Ioad IS suspended and under ten5|on

Litter — A deV|ce used to COntaln a patlent and malntaln stablllty dunng the extrication
process. o ' g 3t |

Lockout/Tagout — Those actlons needed to bnng aII potentlal hazards typically electrical,
mechanical, and engulfment, to a neutral state prior to the beginning of any rescue.

Mainline — Also known as the Working Line, it is the main rope system used to do the
lowering and raising of the rescue package.

Mechanical Advantage — The increase of the input of power for the purpose of moving
objects, typically during rope rescues, this would most often include the use of pulley
systems.




Glossary

Multipoint Anchor System — Any combination of point anchors that are employed to make
one reliable anchor. The following are the two major divisions of multipoint anchor systems:

1. Self Distributing: (Also known.as Self-equalizing) A multipoint system rigged to where
the force of the load is distributed between all the point anchors. Due to friction and
many other unseen factors, this d|str|but|on is not as equal as most would assumed.

2. Fixed Multi= ponnt (AIso known as Load Sharlng A multlpomt anchor system which is
distributing durlﬂg the constructton of this anchor and |s than fixed into place, typically
by virtue of an overhand Ioop : -

Passnve Proteotlon — Rook *clfmbmg protectlon WhICh has no movmg parts (as opposed to

identical S|mple MA’s.i.e. a compound 4:1 (2: 1)(2 1) Ora MA system added to a load line

Pulleys — A small grooved wheel used with a rescue rope to change the direction and point
of application of a pulling force. They may be used in combinations to employ mechanical
advantage especially for the purpose of a raising operation.

Rappelling — The act of descending a fixed rope system in a controlled manner for the
purpose of vertical transportation.

Ratchet — A progress capture device employed for the sole purpose of holding the load in
place during the reset phase of a raising operation.



Glossary

Reset — Action taken to re-extend the pulley system for another haul after it has fully
collapsed during a raising operation.

Rescue Load — As determined at the Forth Annual Technical Rescue Symposium, 1987, a
rescue load is considered to be 200 Kg, 448 Ibs It is the weight of one victim/patient, one
rescuer, and assomated gear ;

Risk/Benefit AnaIyS|s A command deC|S|on that determlnes the type of action needed
based on the hazards: present and the risk they pose to the team and the victim.

Rope — Typically, kemmantle rope is the most common rope used for rescue operations.
(Because of its floatlng propertles polypropylene is sometlmes usedin swiftwater rescue.)
Kernmantle rope IS constructed of a Ioad-bearlng core, or "kern of nylon fibers
surrounded by a brarded protectlve outer sheath, or mantle The core is completely
protected by the mantle and holds most of the load 1t has a hlgh strength to weight ratio,
and maintains most ofits strength when wet (apprOX|mately 85%) Kernmantle rope comes
in two types; Dynamlc and Static. : |

Dynamic Rope = Consists of tWIsted or bundles that make up the core. This twisted core
provides a high stretch quality. This allows as much as 40% stretch in the rope, depending
on the manufacturer. Dynamic rope is very important in rescue work solely for the purpose
of belaying a lead climber.

Static Kernmantle Rope — stretches very little, from 2-4% under load. This type of rope is
made from an outer braided sheath (mantle) which is woven over straight nylon fiber core
(kern). The core supports 85% of the rope's strength. "Static" kernmantle rope is used for
rigging rescue system because of its high strength, low stretch and handling
characteristics.



Glossary

Rope Grabs — Any device attached to a rope for the purpose of holding or grabbing, may
be software or hardware.

Screw-links — Hardware connectors that.employ a manually operated screw to close and
open the gate.

Size-up — The initial evaluatlon of the emergency scene by the first responder.
Soft Ascenders = Any number of rope h|tches which grab the rope in one or both directions.

Software — Any ropewsystem component that IS elther rope Webblng or is constructed of
rope.or webbing.. & vt o Germnn S e

Static System Safety _F:'a n"a atlc state (no movement W|th a suspended load) the
ratio between the load and A,,.,Weakest hnk ina system usrng the rated breaking strength
of each piece of eqqument in the system For tnstance any part of a given system will only
hold 5000 Ibs. and the work belng placed on the system is 1000 Ibs.. The Safety Factor is
then5: 1. A10: 1 Statlc System Safety Factor |s a realtstlc goal when a belay rope is
present. ; > : 5 S -

System Loads ~ See Rescue Loads

Throw = The throw is the available dlstance between maximum pulley system extension
and the need for a reset.

Tri-links = Triangle shaped, hardware connectors that employ a manually operated screw
to close and open the gate. Tri-links are particularly suited for multiple loading in multiple
directions. Also referred to as Delta Links.




. Webbing - Wide

o5

: ‘webbing isa;flat‘_nylon _
software that is relatively ensive tremely strong. Although webbing has multiple
ses, it is particularly suited for anchor rigging. -~~~







ACLS
AHD
ALS
ANSI
APR
AZTEK
BA (B/A)
BLS
C6H6
CD
CFR
CGA
CPR
CRZ
DECON
DOT
EPA
FF
GFCI

Acronyms

Advanced Cardiac Life Support
Artificial High Directional

Artificial Life Support

American National Standards Institute

~Air Purifying Respi'rator’s""
v Arlzona Techn|C|an Edge KiE - o
‘T Breathmg Alr j, G A o

, f'._iCode' of Federal Regulatlons
""'Compressed Gas Assocnatlon

Cardlopulmonary Resusmtahon
Contamlnatlon Reductlon Zone
Decontamlnatlon '
Department of Transportatlon
Environmental Protection Agency
Full Face

Ground Fault Circuit Interrupter



Acronyms

Haz-Com Hazard Communication Standard - 29 CFR 1910.1200
HAZWOPER Hazardous Waste Operations and Emergency Response - 29 CFR 1910.120
H2S Hydrogen Sulfide -

H2S04 Sulfuric Acid

HD oo -Hrgh Drrectronal

HF HaIf Face o e
IDLH i Immedrately Dangerous to ere and Health '
LC50- : _:.;,*“_Lethal Co eentratron 50% i me v e
LD5Q ei g te Lethal Ddse 50% 5

KN - f'._fKrlo Newton equrvalent to 225 pounds force |

MA "Mechanrcal Advantage SHE i
mcg/m3 ' Mrcrograms per Cubic Meter

mg/m3 Milligrams per Cubic Meter

MSDS Material Safety Data Sheet

NFPA National Fire Protection Association

NIOSH National Institute of Occupational Safety and Health
OSHA Occupational Safety and Health Administration

PAPR Powered Air Purifying Respirator
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