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Introduction

When people around you know that you are a diver, it will not take long 
before somebody asks you to take something into the water or to bring 
something out. Fulfilling such desires is always a challenge. For a small ob-
ject, such as a wedding ring, the search might be complicated. Bigger objects 
are easier to find, but getting them in or out of the water can be a challenge.

Search & recovery training provides you with techniques that are needed to 
overcome such challenges. This book covers techniques for searches, mark-
ing and lifting, along with considerations for safety and comfort. The tech-
niques covered in this book require practical training. Such training is part 
of search & recovery courses that are offered by qualified diving instructors.
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Objective &
Equipment
There are different reasons to do search & recovery. The techniques can be 
used in a wide range of situations. For that reason, a first step is to formu-
late the objective of a dive. The objective must be formulated in order to 
choose appropriate equipment and techniques.

This chapter covers how objectives are formulated and gives an overview of 
the equipment that is used for search & recovery dives.
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Setting the Objective

You will encounter various situations in 
which you can make use of techniques for 
search & recovery. They are used every 
time you want to take something in or out 
of the water.

There are limits. As a recreational diver you 
cannot engage in the lifting of heavy loads, 
such as a car. You should also stay away 
from sites and items with archaeological 
value or anything related to crime. Normal 
common sense will tell you what you can,
or cannot, remove from the water.

Before doing a search & recovery dive, you must make a plan. For searching, 
marking and lifting you need additional equipment. This requires that you 
take a moment to decide what the objective of the dive is. Only then can you 
decide on the additional equipment that is needed to meet the objective of 
the dive in the given diving conditions.

An objective can be as simple as 
“searching on good luck”. For many 
years people have lost things in the 
water or have disposed of their 
trash. A tea pot which was consid-
ered trash 150 years ago can now 
have historical value. A bracelet that 
was lost on a day out on a boat can 
have direct monetary value. You 
never know what ended up in the 
water throughout history. 

Searching on good luck can involve keeping your eyes open during every 
dive you make and having a mesh bag with you for collected items. It can 
also mean that you specifically select dive sites where you anticipate good
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chances of finding something. This can be around a bridge or near a jetty, a 
place that is known for recreation or a location where old houses stand 
close to a river or canal.

It can also be that the objective is to locate a known object. This can be 
something that was lost or an object that was intentionally brought into the 
water, but needs to be taken out for maintenance or because it is no longer
needed.

Knowing exactly what you are looking for makes the planning of the dive 
easier. You know how precise the search needs to be and how heavy the 
object is. Search & recovery techniques are also used for environmental 
purposes. This can involve removing trash from a lake or river, or diving to 
build artificial reefs.

When building artificial reefs, 
you take something into the 
water rather than taking some-
thing out. Also for this objective 
it is easy to make an appropriate 
planning. You know the weight 
of the object(s) and where they 
have to go. With that infor-
mation it is not difficult to select 
the required equipment and 
techniques.

No matter what the objective is, search & recovery dives cannot be success-
ful without planning. You must plan for the equipment and techniques used. 
Planning also allows for a thorough briefing for all the divers in the team.

Equipment for Search & Recovery

A search & recovery dive has three phases. The name of the activity gives 
the impression that there is only a search and a recovery phase. However, 
between the two the location of the object that is found must be marked. 
Recovery equipment is too bulky to be carried along during a search. You 
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may need to exit the water to collect 
lifting equipment between the search 
and the actual recovery of the item.

The needed equipment does not only 
depend on the phase of the dive, but 
also on the diving conditions. The 
most important factors are bottom 
composition and current. In a strong 
current it is hard (or even impossi-
ble) to use a compass to swim a 
search pattern. Search patterns guid-

ed with a rope are difficult if the bottom composition would cause the rope 
to be entangled when moved over the bottom.

Other factors that need to be taken 
into consideration are visibility, the 
size of the object, limitations with 
respect to available equipment, the 
number of divers, the depth and the 
allowable dive time (based on no-
decompression limit and water 
temperature).

Additional equipment to be used in 
all phases of the dive are working-
gloves. Neoprene gloves are made to 
keep your hands warm. They are 
not suitable for handling ropes and heavy loads or to protect you against 
cuts and puncture wounds caused by sharp objects. You can wear working 
gloves over the neoprene gloves or on your bare hands, depending on the 
need for thermal protection.

Equipment for Searching

In recreational diving it is not common to use electronic equipment such as 
metal detectors, sonar and ROVs (Remote Operated Vehicles with video). 
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For professionals, there are many tools available, but most of this equip-
ment is too expensive for recreational purposes. We will therefore focus on 
the equipment that is common in recreational diving. 

To systematically search an area, you have to know where you are, where 
you are going and where you have already been. This need for information
requires some sort of navigation.

The lightest piece of equipment to do 
this is the compass which you prob-
ably already have with you as a 
standard equipment item. A compass 
allows you to swim patterns under 
water, which will be discussed later. 
In strong current a compass is not of 
much use.

For more complicated search pat-
terns you can consider the use of a 
scuba sextant. The sextant in combi-
nation with a compass can be used to 
keep track of your location and the 
area that was already covered during 
the search.

Ropes and lines allow you to search in currents and limit the attention 
needed for navigation. You can concentrate completely on searching. This
makes ropes and lines a good option when looking for small items. The 
drawback is that ropes cause drag. If the rope “moves” with you during the 
search, it is best to have a thin line with positive buoyancy. If the rope also 
functions for safety and communication, you should opt for a thicker rope 

with positive buoyancy.

For some search patterns the 
rope is placed on the bottom as a 
navigation reference. In that case 
you should use weighted line. 
Weighted line is used for fishing 
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nets and other purposes. It has small pieces of lead inside to assure negative 
buoyancy (another option would be a line with positive buoyancy with a 
weight at each end). For search & recovery you should have a selection of 
ropes and lines of different length, thickness and buoyancy.

If the object you are looking for is very 
small and if the location of the object is 
known with reasonable accuracy, then 
you can make use of a grid. You can stick 
pins in the bottom and create a grid with 
thin line, or you can make use of a grid of 
metal. In this case you will search the 
squares from the grid one after the other. 
Searching with grids is common in ar-
chaeology and biology. It allows making a 
drawing or taking a picture of the exact 
location where an object is found (ar-
chaeology) or to quantify the number of 
organisms for a given surface area (biology).

If you need to clear a small area of sand or 
mud, you can create the needed suction by 
blowing air into a section of pipe (in this case 
via the inflator connection). The air inlet 
must be far enough from the end where the 
suction should take place (normally at least 
six times the diameter of the pipe). The pipe 
should be long enough to evacuate sand and 
mud away from the search area.

The air blown into the pipe will ascend in-
side the pipe as bubbles occupy the entire 
diameter. This causes upward suction. The 
suction will allow you to remove sand from 
the bottom. Small objects will also be sucked 
in. If you are looking for something very 
small, then it is advisable to equip the upper 
side of the pipe with a net. This allows you to 
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continue working and look at the end of the dive if the object you are 
searching for is in the net. 

Equipment for Marking

When searching for bigger objects, you must take something along to mark 
the location where the object is found. When doing a search pattern with a 
line or rope, you can use that same rope to mark the location. Just signal the 
diver at the other end of the line that you need more slack and tie the line to 
the object.

You can also use your compass to 
mark a location. In that case you 
ascend to the surface exactly above 
the object (this technique will not 
work at a location with current, but 
on such a location you do not do a 
compass search in any case).

At the surface you take a bearing 
for two locations that you will rec-
ognize again. The more the angle 
between the two locations ap-

proaches 90 degrees, the more precise your ability to relocate the object will 
be. A smaller or bigger angle between the two bearings will reduce accuracy. 
It is of benefit if one of the bearings is to the location where you enter and 
exit the water. This will allow you to swim on your back to the object (at the 
surface) in one of the bearings, while verifying the second bearing from time 
to time. You use the bearing of the entry point to swim in the direction of the 
object and the second bearing to measure the distance you have to swim.

You can use the same technique without a compass. In that case you need 
two objects on shore which stand behind each other to fix one bearing. By 
keeping the two objects in line, you swim in a straight line to the location. 
You need a second bearing to two other objects that are in line to measure 
the distance. Also here, the closer the angle between the two bearings is to 
90 degrees, the more accurate you are. 
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If the use of the search line or a compass is 
not an option, you can also use a marker 
buoy. A marker buoy has a weight, a strip 
of lead or a Velcro strap to attach the line 
to the object. A small buoy is attached to 
the other end of the line that rolls off the 
moment the buoy is released.

You can easily make a marker buoy your-
self. Use a piece of cork or an empty con-
tainer. Select any item with positive buoy-
ancy that is thinner in the middle than at
the sides. That shape helps to prevent the 
line from coming off before you actually 
release the buoy.

Small objects do not need to be marked. The moment you find them, you can 
simply take them along. If you are looking for small items, it is advisable to 
carry a mesh bag. It is easy to lose something that you carry in your hands 
during an exit.

Equipment for Lifting

The best tool to lift an object from the 
water is a winch. With a winch you can 
bring an object out of the water and 
onto the boat or shore. Even if you use 
a lift bag to bring the object to the sur-
face, you may still need a winch to 
bring it out of the water. A lift bag can 
only bring an object from the bottom to 
the surface, but the heaviest part of the 
lift is bringing the object on land.

Lift bags are available in different sizes. If a lift bag can hold more than 30 
litres of air, it is recommended that it is equipped with a valve to vent air 
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from the bag during the ascent. Smaller 
lift bags can easily be tilted to vent air.

You should have lift bags of different sizes 
available to match the lifting force to the 
weight of the object. If you use a lift bag 
that is too big, you risk that the air ex-
panding in the bag will lead to an uncon-
trolled ascent. This can cause a dangerous 
situation. If you have lift bags for 25, 50 
and 100 kg, you can combine these to lift 
25, 50, 75, 100, 125, 150 or 175 kg loads. 
This provides for adequate flexibility.

If you prefer to create your own lift bag, 
then you can easily do this with 
inner tubes from cars, trucks or 
tractors. Inner tubes are availa-
ble in various sizes. You just 
need to cut a hole on one side of 
the tube and pass a rope 
through the entire loop. You 
then tie both ends of the rope to 
a ring or karabiner.
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Searching
Over the years many effective techniques have been developed to search for 
things that got lost underwater. The technique that is used must be adapted 
to the situation at the dive site. It is not possible to use the same technique 
in all diving conditions. That is why this chapter covers a wide range of 
search patterns. The chapter is completed with information on useful knots 
for search & recovery.
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Searching in Normal Conditions

If you are looking for a known object, the first step to take is defining the 
search area. Gather as much information as you can. Especially when some-
thing has fallen from a boat, the information on the location where the ob-
ject should be might be far from accurate.

You define the search area based on the information you have. Take cur-
rents into consideration and allow for a margin of error. It might be a good 
idea to start the search in the centre of the area – the location where the 
object is thought to be – and then expanding the search. If needed, you can 
mark the area with buoys. This can easily be done with plastic containers 
with a weight as anchor. Once the area is defined you can use a search pat-
tern to locate the object.

The goal of a search pattern is to visit the entire search area without leaving 
a part out or searching the same area twice. If there is no current, you can 
make use of a compass. There are two common patterns when using a com-
pass. These are U-patterns and an expanding square. The expanding square 
is used when you are in open water and U-patterns are used when you have 
a reference on one side, such as the shore.

If you are working in an area with too many ob-
stacles to swim a “normal” search pattern, then 
you can make use of a Scuba Sextant to keep 
track of the locations you have already visited. 
Navigating with a Scuba Sextant is time consum-
ing. It is a fantastic tool to make a map of an un-
derwater area and a big help for navigation, but 
for searching it is only useful if the search loca-
tion does not allow you to swim an easier pat-
tern.

Currents and bottom composition are the most 
important factors for the choice of a search pattern. Another factor is the 
number of divers available for the search. If there are 20 divers present, you 
would not use the expanding square, because you could only efficiently use 
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two divers. In that case U-patterns would be more appropriate, since you 
can assign each team of divers to a different section of the search area. 

Once you have selected a search pattern, the next step is to decide how ac-
curate the search is going to be. You can adapt every search pattern to the 
visibility and the size of the object. Each length of the search can be 50cm 
apart or 5 metres. This does not change the pattern, only the accuracy. If 
time is an issue because of the depth or water temperature, you can also opt 
to do a fast search first with a bigger distance between the lengths, and only 
engage in a detailed search if the initial run was not successful.

For the expanding square, you make 90° 
turns in the same direction after every 
length. Each length is one unit longer than 
the previous one. It does not matter if you 
work with arm spans or fin cycles; you 
always add the same number for the next 
length. If the visibility allows you to have 
the lengths 4 arm spans apart, you start 
with 2, then 4, then 6, etc. If you need an 
accuracy of 2 arm spans, you start with 1, 
then 2, then 3, etc.

For a U-pattern you have two 
options. If you are doing an 
accurate search, you start to 
swim in a 90° angle from 
your reference line, which 
can be a weighted line, the 
coast, a jetty or any other 
underwater structure. When 
completing a length, which 
can be measured by reaching 
another line, a distance in 

kick cycles or a specified depth, you move an arm span to the side and swim 
back in the reciprocal compass bearing. You repeat this procedure each time 
you arrive at the other side. 
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If the distance between the lengths is considerable, you can also use the 
compass for the sideward lengths. In that case the pattern is plus 90°, plus 
90°, minus 90°, minus 90°, plus 90°, etc.

When you are close to shore, you might not need a compass to swim a U-
pattern. Sand ripples will allow you to swim in a straight line using natural 
navigation. The shore line is a good reference for U-patterns, but you might 
want to consider swimming the long lengths along the shore line and not 
toward and away from the shore. Swimming along the shore allows you to 
prevent repeated ascents and descents. When swimming to and from the
shore for each length you might get problems equalising after a while. 

In deeper water (where there are no sand ripples) you could use the same 
technique by following the depth lines with the use of your dive computer. 
Most dive computers allow you to read the depth with 10cm intervals, 
which provide for enough accuracy to do a search on a sloping bottom.

If there are no sand ripples and if the depth lines do not allow you to navi-
gate a search pattern, you can use a weighted line. The line is placed on the 
bottom and used for reference.

The procedure is as follows. Two divers each hold one end of the line. They 
pull the line straight and place it on the bottom, giving a pull to indicate to 
the buddy that the line is in position. Now both divers start to search the 
area at the right side of the line (as they swim in opposite directions, the 
search is done at both sides of the line).

Arriving at the other end, both divers pick the rope up and place it (depend-
ing on the visibility) 1 or several meters to the side, give a pull again and 
again search the area to the right side of the line.
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This procedure with a weighted line allows for a very accurate search of a 
small to medium sized area and is mostly used to relocate small objects. If 
you don’t have weighted line available, you can also use “normal” line with a 
weight at each end.

Some more experienced teams for searches can use a line to guide a group
of divers. One diver uses a compass to maintain direction and the others 
position themselves at the line by paying attention to the orientation of the 
line in their hands. They adapt their depth and speed to the rest of the team. 
Normally several training runs need to be done before a team can use this 
method efficiently. When it works it permits the searching of a big area in a 
relatively short time.

The idea is to use the line as an indication for 
your position, but not pulling the line in any 
direction. If one diver in the team pulls the line, 
the entire team will swim in the wrong direc-
tion.

Each diver should be sure that the rope left and 
right from his hands is in line with the piece of 
rope between his hands. If it is not, he should 
not pull the rope into position, but swim in 
order to bring himself into position. The tech-
nique requires some training, but it is a chal-
lenging and fun group effort. 
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A traditional search pattern with a rope is the circular pattern. It is useful on 
a flat bottom and will still work with in a relatively strong current.

The anchor in the middle is usually
a diver and the rope is used both for 
navigating the search pattern and 
for communication. The only thing 
the diver who is swimming the 
search pattern needs to worry 
about is that the rope is continuous-
ly under tension and that he knows 
when a circle is completed. The 
diver in the middle must make sure 
that he always stays at exactly the 
same location. This can be done by 
sticking something in the sand in 

the centre location. If necessary, an earth anchor can also serve as the centre 
of the search, but a diver in the middle is more efficient.

To avoid drag while swimming, the 
line that is used should be thin. If a 
diver is in the middle, then it is that 
diver who is holding the reel. The 
diver navigating the circle swims 
out until the line is under tension, 
sticks a metal pin or another mark-
er in the bottom and starts swim-
ming the circle. Arriving back at the 
marked location, the diver knows that the circle is completed and pulls 
twice on the line to communicate to “the anchor” that he needs more line. 
The anchor rolls out more line from the reel (how much depends on visibil-
ity and the size of the object). The navigating diver swims out until the line 
is under tension, sticks the pin in the bottom and starts on the next circle. 
This way the circle is expanded as long as needed. 

When the object is found, the navigating diver pulls twice to ask for more 
line. In this case the extra line is used to tie the search line to the object. 
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Often the pin for marking the beginning of a circle is lost. Don’t use some-
thing you would not want to 
lose. 

If you use a pattern with half 
circles close to land, you do 
not need a pin to mark the 
beginning of a half circle. You 
just swim until cannot swim 
further, ask for more line by 
pulling twice, swim out until 

the line is under tension and swim the next half circle. This pattern is useful 
for medium sized and bigger objects that were lost close to shore. It does 
not offer the required accuracy to find a small object. Circular patterns with 
a line are not used in many situations. A compass is more practical when 
there is no current. When there is current these patterns force the diver to 
alternate between swimming with the current and against the current, 
which is not really pleasant. In most cases navigating with a weighted line 
on the bottom is more comfortable.

If only a small line (such as a bud-
dy-line) is available and you have 
to search for something without 
delay, you can alternate the role of 
“swimmer” and “anchor” and search half circles “around each other”.

Searching in Zero Visibility

A search in zero visibility cannot be done with a compass. Searching with a 
line is the only option. In this case the navigation must be done by someone 
at the surface who can observe the bubbles of the diver to make sure that 
the diver swims a complete search pattern. 

The person on land (the tender) guides the diver through the search pat-
tern. The only reference the diver has is the direction of the rope to the ten-
der, so all instructions to the diver are based on this reference. The only 
thing the diver has to take care of (in addition to searching) is to always 
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keep the line to the tender under tension. The communication between the 
tender and the diver is done by line signals. It is essential to practice this in 
clear water (a pool) before using the techniques in zero visibility. During 
practice, the diver can wear a blinded mask.

The diver descends and swims away from the tender until the line is under 
tension. He then gives one pull to confirm that he is okay. One pull means 
“are you okay”, “I am okay” and “attention”. Whenever the diver or the ten-
der give one pull, the other party needs to return the same signal as confir-
mation.

When the tender wants the diver to change direc-
tion, he gives one pull. This is the signal for the 
diver to stay where he is, to orient himself in the 
direction of the line and to confirm that he is okay 
by returning one pull. The tender now signals the 
direction in which the diver must swim. One pull 
means swim to the right. In that case the tender 
will not give more line and the diver swims to the 
right with the line under tension. The diver is thus 
swimming a half circle around the tender.

When the tender now wants the diver to stop, he 
pulls once. The diver stops, positions himself and 
confirms the signal. After the confirmation from 
the diver, the tender can now give 3 pulls, which 
means that the diver should swim in the same direction as the line. In this 
case the tender should allow the diver to pull more rope, but should let the 

rope slide through his hands in a manner 
that the line stays under tension. 1 + 1 pull 
means right, 1 + 2 left, 1 + 3, swim away 
from the tender, 1 + 4 swim to the tender 
and 5 or more pulls means that there is an 
emergency. 

The tender must hold the rope with two 
hands far apart. The hand at the side of 
the diver is used to give signals and to let 
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the line slip through when it is pulled in or out. To give a signal, the move-
ment of the hand at the side of the diver should be in relation to the length 
of the line to the diver. The further the diver is away, the bigger the move-
ment to give a signal should be.

The end of the line must be secured on land, because the line is also used for 
the safety of the diver. When the diver pulls 5 times or more, the tender has 
to pull the diver back to land or (if that does not work) send a diver down 
along the line to go and assist the diver.

The diver needs to attach the line around his body. To do this you tie a bow-
line around the waist. The technique shown below should not be used in an 
area with moving equipment, because your hand is in a loop at some point.
An unexpected pull on the rope could cause injury.
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The advantage of tying a bowline in this manner is that you can pull the knot 
tight around your body. The loop which is later on in front stays at the side 
of your body. This allows you to pull the short end of the rope until it is in 
the desired position and tight around your body. Then you pull the long end 
of the rope to tighten the knot. This action pulls the loop to the front around 
the long end and secures the knot.

The “normal” way to tie a bowline is more useful for attaching a rope to a 
found object in order to mark it or to lift it. First make a loop and then pass a 
folded part from the long end of the rope through it to create a sliding loop. 
The short end is now positioned around the object to be tied. Pass the end of 
the short end in the sliding loop and close it. Attention! You do not have a 
bowline yet. The sliding end must be pushed over the short end of the rope 
that passes through is. Only when the loop is positioned correctly, the knot 
is ready.
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The clove hitch can be used to tie a rope to a tree or something similar, but 
you must tighten the knot well before putting tension on the long end.

If a rope is too short, you can use the sheet bend knot to tie two ropes (of 
different thickness) together. To recognize a correctly tied sheet bend, pay 
attention to the ends of the ropes. The thicker rope should run parallel to 
the long end, while the end of the thinner rope should stand off at a 90° 
angle. The initial loop is to be made with the thicker rope.
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Recovery
Recovering objects that were found underwater requires special techniques. 
Depending on the weight of the object, it can be a challenge to remove some-
thing from the water. This chapter starts with the calculations that are 
needed for the recovery of bigger items and then progresses to the tech-
niques for using lift bags.
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Preparation for Recovery

Before lifting an object, you must have an idea of both the underwater 
weight and the weight at the surface. If you want to use a winch to lift the 
object, you must know if the winch can handle both the weight under water 
and the weight at the surface.

When using a lift bag, the underwater weight must be known in order to 
select an appropriate size of lift bag. If the lift bag is too small, you cannot lift 
the object. With a bag that is too big, you risk an uncontrolled ascent, which 
can create damage to things at the surface. Too big a bag comes with the risk 
that the momentum of the lift bag and object is too high when arriving at the 
surface. If this is the case, the object will push the lift bag above the water. 
There it will lose air and then sink back to the bottom with the risk of harm-
ing the divers, or the risk of having to start searching all over again.

To calculate the approximate weight of an object underwater and at the 
surface, you must know its size and the specific weight of the object. The 
measurements do not need to be very precise as we are just looking for an
approximate weight.

Normally a specific weight is given 
in kg per litre. As a litre is a dm3, it 
is best to calculate from the be-
ginning in dm. 10cm is 1dm. This 
means that the box measures 5dm 
x 5dm x 10dm = 250dm3 or litres.

In fresh water, the size in litres or 
dm3 is equivalent to the upward 
force in kg exerted by the weight 

of the water. The consequence is that this object is 250kg lighter underwa-
ter than it is above water. This information is important for the winch. If you 
want to calculate the upward force in salt water, you have to multiply by a 
factor 1.03. 
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The list with specific weights can be used in two different ways. You can 
measure an object, such as a block of concrete, and use the list to calculate 
its weight. Or you can use it to calculate the volume (and thus the underwa-
ter weight) of an object (such as an outboard engine) of which you know the 
weight from the factory specifications.

Specific Weight List for Search & Recovery
Metal, alloy or 
material

kg/dm3 Metal, alloy or 
material

kg/dm3

Ordinary steel 7.8 – 7.9 Silver 10.49
Stainless steel 7.48 - 8 Bronze 7.4 – 8.9
Aluminum foil 2.7 – 2.75 Iron 7.85
Melted aluminum 2.56 – 2.64 Cast iron 6.8 – 7.8
Mercury 13.6 Molybdenum 10.2
Gold 19.25 Brass 8.4 – 8.7
Lead 11.34 Platinum 21.4
Copper 8.93 Tin 7.28
Tungsten 19.1 Zinc 7.1
Asbestos 2.1 – 2.8 Bakelite 1.3 – 1.4
Concrete 2.2 – 2.45 Tar 1.2
Diamond 3.5 – 3.6 Rubber 1 - 2
Fiber 1.1 – 1.45 Graphite 1.9 – 2.3
Plaster 2.3 Linoleum 1.15 – 1.3
Marble 2.52 – 2.85 Brick 1.4 – 2.2
Mica 2.6 – 3.2 Porcelain 2.2 – 2.5
Quartz 2.5 -2.8 Glass 2.4 – 2.6
Crystal 2.9 – 3.4 Ocean water 1.02 – 1.03

Continuing on the previous example, we have a block of concrete with a 
volume of 250 litres. According to the above list, the specific weight of con-
crete is 2.2 – 2.45. We want to do the calculation for the “worst case”, mean-
ing that we calculate with the 2.45kg/dm3. This is the highest specific 
weight. 
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250dm3 x 2.45kg/dm3 = 612.5 kg. This is the weight of the object above 
water, and thus the weight for which the winch must be rated. Underwater 
we benefit from an upward force caused by the displaced water. With a 
volume of 250dm3, the upward force will be 250kg (in fresh water). To lift 
the object we need lift bags with a volume of 612.5 – 250 = 362.5 litres. 

The calculation for an object with a known weight has no relevance for the 
winch (as long as you do not risk that water remains trapped in the object 
during the lift from the surface onto the boat). This calculation is only meant 
to determine the size of the lift bag needed.

A case with porcelain plates is found under 
water. It is marked that the case has a 
weight of 50kg. The case has a size of 30cm x 
30cm x 50cm = 45,000 cm3 or 45dm3. Under 
water, the weight of water that could be in 
the case does not have any relevance, be-
cause the water in the case would have the 
same specific weight as the water around 
the case. This would result in an upward 
force of zero (the same force going up and 
down).

We ignore the weight of the case itself and assume that all the weight is 
porcelain. 50kg divided by the specific weight (worst case) of 2.5kg/dm3 = 
20dm3. This will be the upward force in kg. The lift bag needs to be able to 
handle 50kg – 20kg = 30kg.

Let’s just see what happens if the water in the case is taken into account. 
20dm3 of the total volume of the case is porcelain. When ignoring the case 
itself, 45dm3 – 20dm3 leaves 25dm3 of space for water. The actual weight of 
the case is thus 50kg of porcelain plus 25 kg of water, totalling to 75kg. The 
size of the case was 45dm3, meaning a total underwater weight of 75kg –
45kg = 30kg. The result is the same, because the weight of the water does 
not play a role for lifting underwater. The 75kg can be relevant for the 
winch when lifting the case on land. If the water cannot drain from the case 
when it is lifted, the winch will also have to lift the water, increasing the 
weight from 50 to 75kg.
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In short the above means 
that the search & recov-
ery diver always needs 
to take three factors into 
consideration for lifting 
an object. The first is the 
weight underwater in 
order to select an appro-
priate lift bag. The next 
factor is the weight above water to see if the winch can handle that weight. 
As a last precaution you should look at the possibility that water is trapped 
inside the object, which will not make any difference under water, but above 
water (and thus for the winch) the difference can be substantial. Estimating 
weight is not always easy and the weight of water is easily underestimated, 
which makes an approximate calculation the preferred option. 

Recovery Techniques

When lifting the object from the 
bottom all the way out of the water, 
the only thing you need to verify is 
that the winch is strong enough to 
handle the weight of the object and 
in some cases the weight of the 
water trapped in the object.

When using a lift bag, there are 
some more considerations. First of 
all it is a good idea to have different 

sizes of lift bags available and to make sure that all bags that have a greater
volume than 30 litres are equipped with a dump valve. Smaller lift bags can
easily be tilted to dump air.

If you are making your own lift bags, you can use standard dump valves 
from a BCD for the lift bag. You may need to replace the spring in the dump 
valve. The pressure of the air in the entire lift bag will be equal to the water 
pressure at the lowest point of the air space in the lift bag. In a bigger lift 
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bag, the air pressure in top of the completely filled bag can be considerably 
higher than the surrounding pressure (1 meter high – 0.1 bar above ambient 
pressure). A dump valve also functions as an overpressure relief valve and it 
may be set to activate at a lower pressure difference. In that case a stronger 
spring would be needed.

When selecting lift bags, it is recommended to double the size between the 
different bags. Having a 25, 50, 100 and 200 litre bag available allows you to 

adapt to loads of 25, 50, 75, 100, 125, 
150, 175, 200, 225 and with the same 
intervals up to 375kg objects (under-
water weight). If you were to add a 
400 litre lift bag, you could handle 
loads in 25kg steps all the way up to 
775kg (although that would be far 
beyond recreational purposes). 

Pay attention that you do not simply 
add lift bags to the object until it 
comes free from the bottom. If you 
have roughly calculated the underwa-
ter weight of the object and it does not 

start to lift when the appropriate amount of lift bags are attached and filled 
with air, then it is very likely that the object has suction with the bottom. 
The force of this suction can be substantial and when you simply add more 
lift power, the subject will come loose at some point and shoot to the surface 
at an enormous speed. Such a situation poses a big risk to anybody at the 
surface and the divers who stay below the lift bag.

If an object is sucked in the bottom, you have to work it free before the actu-
al lifting can start. This can be done by moving the object with help of a met-
al bar that you work into the bottom under it.

Another technique is removing the sand or silt around the object with a 
suction pipe. In a similar manner, you could attach an intermediate pressure 
hose to a thin section of pipe. You push it under the object and then open the 
cylinder to release air under it. All three techniques will eliminate the suc-
tion and allow you to start the lift in a controlled manner.
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You cannot expect yourself to control a lift with the dump valve on the lift 
bag. If you release a little bit too much air, the object with the lift bag will 
start sinking. This requires you to descend and lower the air source you are 
using to add air to the lift bag. It can be done, but more often than not, you 
will find yourself going up and down with the object and the lift bag. The 
only really adequate solutions are to have a lift bag of the correct size or use 
several lift bags totalling to the correct size. 

On the way up, the air in the lift bag(s) will expand. If the lift bag can hold 
this expanding volume, the ascent will run out of control. This is not so 
much a problem with smaller loads, but the heavier the object, the more 
critical such a situation can be. If the lift bag is of the appropriate size, the 
expanding air will escape from it and the volume available for lifting will 
stay constant. A difference from 10 or 15kg can still be reasonably con-
trolled. You should however not use a 100kg lift bag on a 20kg object at 30 
metres depth. 

It is not a problem to use a lift bag that is too big when you are relatively 
shallow. If you are lifting an object from a depth of 6 metres, the expansion 
of the air in the lift bag does not increase the speed of the ascent too much. 
The expansion is relatively small and speed increases with delay because 
water has a high resistance to movement (drag). By the time the lift bag is 
really increasing speed, it will already have arrived at the surface.

Depth is also a consideration for the air supply. We have already calculated 
the volume the lift bag needs to have in order to recover the object. We now 
need to multiply that volume with the density at the depth of the object in 
order to find out how much air will be needed to fill the lift bag.

In a previous calculation, we were dealing with a need for lift bags with a 
total volume of a bit more than 360 litres. At a depth of 20 metres (a pres-
sure of 3 bars), the quantity of air needed to fill the lift bag would be 3 bars 
multiplied by 360 litres = 1.080 barlitres (barlitre = quantity; litre = volume 
or dm3). If we were to fill the lift bag out of our 10 litre cylinder, we would 
use 108 bars of our breathing gas supply. This is more than half of the cylin-
ders content (1.080 barlitres / 10 litres = 108 bars).
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This brings us to the point of the air source that should be used to fill a lift 
bag. There is no “standard” answer for all situations. You must answer a few 
questions in order to decide on the technique to be used.

· Can I spare the quantity of gas needed to fill the lift bag from my supply of breathing gas? If the answer is 
yes, then just do it. If it is no, then you will have to bring a separate cylinder to fill the lift bag(s).

· I would not want to use my main regulator for filling the lift bag. Can I use my octopus without risk of 
entanglement? With search & recovery there are sometimes many lines and ropes around. When filling the 
lift bag with an octopus, you cannot let go when the octopus gets entangled. You will be pulled up with the 
lift bag. If you anticipate a higher risk of entanglement, then use a separate system that is not attached to 
your body in any way.

· Can the second stage handle the flow without freezing the regulator? Especially plastic second stages can 
freeze up quickly. In colder conditions you need a second stage with enough conducting surface to adapt 
the inside temperature to the water temperature in order to prevent regulator freezing. In cold circumstanc-
es you might consider a metal second stage or a metal air gun.

You should also 
carefully look at 
where you attach a 
lift bag to the ob-
ject. You should
attach the lift bag 
to the lighter side 
of a long object.

It is always prefer-
able to attach the 
lift bag(s) at one 
end of the object. 
You will not be 
able to predict the 

centre of gravity of the object, so the moment the lift of an object starts with 
a lift bag attached in the middle it can tilt in an unexpected position. The 
person who is filling the lift bag is so close that he could be injured by this 
unexpected movement. If the lift bag is attached at the end of the object (the 
lighter end) the position it will assume under the lift bag when the lift starts 
is predictable.
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The only inconvenience of this method is that it complicates a beach exit. 
The object is hanging under the lift bag and sticks rather deep. If the object 
is lifted onto a boat with a winch, this does not really matter. When the ob-
ject must be brought onto the beach, you should be able to bring it to a 
depth shallow enough for divers to stand.

This means that we 
prefer lift bags that are 
not too high, but have a 
larger diameter. These 
bring the object higher 
in the water. 

If the size and shape of 
the lift bag and object 
do not allow you to 
come close enough to 
shore to reach water 
shallow enough to 

stand up in (so that a group of people can carry the object out), you can at-
tach a second lift bag to the other end of the object to bring it to a more hor-
izontal position. 

Depending on the weight distribution of the object, it can be that it will not 
assume a completely horizontal position. In part the first lift bag will come 
higher in the water, as it is lifting less of the weight, but at least the second 
lift bag will pull the object in a tilted position. Also in that case the object 
will be higher in the water and you can get closer to shore.

Using a lift bag on the opposite end of the object should only be done when 
the object is already lifted and at the surface, or when you are lifting some-
thing from very shallow depth.

When using more than one lift bag for the lift, they should all be attached at 
the same end of the object. Even if two lift bags are of equal size, there will 
always be one of the two that assumes the highest position during the as-
cent. When the first lift bag hits the surface, it will not stop ascending imme-

http://www.scuba-publications.com


. . . Search & Recovery

www.scuba-publications.com
Page 30

diately. The momentum and the force of the second lift bag will push it fur-
ther.

Especially if the lift bags 
were bigger than needed, 
this momentum can push the 
lift bag so far up that the 
opening comes above the 
surface. The moment this 
happens, the lift bag will lose 
its air and collapse. Since you 
now lost close to half of your 
lifting power, the object will 

sink again at high speed. As a consequence there is a risk of injuring the 
divers below.

There is always a risk that a lift goes wrong and that the object sinks back to 
the bottom. The cause can vary but the consequence is always the same. The 
object sinks fast.

The sinking object can hurt a diver under it. This means that all divers must 
clear the area before you start inflating a lift bag and that you as the diver 
doing the filling must move away from the object the moment it starts as-
cending. You can ascend side by side with the object (provided it is not as-
cending too fast), but you are never to ascend under or above the object and 
lift bag.

If the knot slips and the object is released from the lift bag, the object will 
sink at high speed and the lift bag will shoot to the surface at high speed. 
Both can have enough power to knock you out. For the same reason you 
should verify that the area above the lift bag is clear before starting to inflate 
it. 

Safety is not the only reason to anticipate that the object might sink back to 
the bottom. There is also a practical reason to take this possibility into ac-
count. If you lose the object and it sinks back to the bottom, you might need 
to start the search all over again.

http://www.scuba-publications.com


Recreational . . .

Page 31
www.scuba-publications.com

When finding the object, you have normally attached either a rope or the 
line from a marker buoy to it. It is recommended to leave the line or rope in 
place until the object is safely on land or on the boat.

Extra lines around the object do require discipline. Make sure you and other 
divers are clear from all ropes and lines before you start inflating the lift 
bag.

Entanglement is a risk that is related to search &
recovery and you should always pay attention to 
your surroundings.

You can limit the risk of entanglement by short-
ening the lines. Roll in reels to the minimum 
length of line you need and remove any lines 
used for the search, but that are not needed 
anymore.

Although you need to be able to tie knots as a 
search & recovery diver, there will be many 
occasions in which you would prefer the use of a 
karabiner or a similar hook.

Search & recovery diving has some additional 
hazards and safety considerations, but following 
the guidelines and recommendations mentioned 
throughout this book will help you to enjoy this 
activity in a safe and responsible manner. Use 
common sense. Not only in the selection of what 
you lift, but also in how you are going to lift it.
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