CHAPTER 3

SELECTION &
ASSEMBLY
OF THE
SENSORS
PRO TECTION DEVICE

3.1 INTRODUCTION
It is always a good practice to protect the monitoring sensors from local wildlife, debris
and human tampering.
Four types of monitoring sensor protection devices are generally used:

Figure 3.1 Sensor protection devices

1. Sensor or Probe guards are built in protective guards generally made of PVC or
polyurethane and are recommended for use in environments with low degree of
debris, wildlife or human activity. These devices come with the equipment.
2. Sensor guard wrapped with a plastic or copper screen are recommended for
use in environments with large quantities of floating and/or submerged debris,
particularly in rapidly moving rivers and streams. A good practice is to use a plastic
(dark color, e.g. black) or copper screen with a mesh opening size ranging from 1/8 to
1/4 inch (3 to 6 mm). The screen is secured to the guard with rubber bands, cable ties
or tape (duck or plastic electrical). The screen can be used with the protective cage or
the protective pipe to provide additional shielding (CDMO, 2007). Precautions must be
taken to avoid the appearance of different aquatic environmental conditions inside the
screen than outside during sampling due to biofouling of the screen or physical fouling
trapped on the mesh (Figure 3.2).
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Figure 3.2 Fouled screens
(Source: Jacques Cousteau NERR; North Inlet-Winyah Bay NERR)

3. Protective cage has two basic designs:
Î Available or modified cages (e.g., crab pot, raccoon trapping cage, etc.)
Î Special constructed cages
A protective cage can be used by itself, or can be employed with other sensor
protection devices to provide additional safety. Cages can impede small animals (e.g.
crabs) from settling into the built in protection guard and interfering with certain types
of measurements. Protective cages have certain disadvantages, for example:
maintenance issues due to fouling; animals can get trapped inside the cage; special
water environment conditions can be created inside the cage due to fouling, trapping
vegetation, or debris clogged mesh.
4. Protective Pipe
In this chapter, design guidelines to prepare a protective pipe are given. The work
instructions prescribe a specific design method and it does not cover every conceivable
approach.

→

For further reference, the protective pipe is referred to as the “guard-pipe”.

→

The step-by-step instructions given in this chapter are limited to the activities
necessary to construct the guard-pipe to be ready for field deployment.

→

A specific pipe diameter is used due to the dimensions of the monitoring
sensor employed at the Reserve; other diameters and materials may be used to
meet each particular need.

→

The final assembly of the guard-pipe in the monitoring station is addressed in
Chapter 5 - Fixed Structure Monitoring Stations.
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3.2 SENSOR PROTECTION DEVICE: GUARD-PIPE
The guidelines are written in a standard operating procedure style.

3.2.1 SUMMARY OF THE GUIDELINES
A 4 inch diameter Schedule 40 PVC pipe is utilized to protect the monitoring sensor. In
order to ensure the same aquatic environmental conditions inside the pipe as outside,
a set of 2 inch (5 cm) holes along the pipe, and four sets of windows (13 by 2 inches;
33 by 5 cm) at the bottom of the pipe are drilled to guarantee a good water flow. To
ensure the monitoring sensor will be positioned at the windows depth when deployed,
two small bolts are placed at the end of the pipe to act as stoppers. To minimize
fouling, the pipe is painted with antifouling paint.
The monitoring sensor employed in this procedure is a multiparameter sonde that has
a diameter of 8.9 cm (3.5 in) (type of the long term deployment sonde used at
NERRS).
These design guidelines could be equally applied with any other type of pipe material
or sensor diameter. It is a good practice to choose a pipe with a diameter of 1 or 2
inches (2.5 to 5 cm) larger than the diameter of the sonde, and with a length that
exceeds the sonde’s length by several inches (CDMO, 2007).
In this particular guard-pipe design, the pipe can be set in the monitoring station at a
specific height above the substrate for fixed stations, or beneath the water level for
buoyant stations.

3.2.2 QUALIFICATIONS & RESPONSIBILITIES
All users of these guidelines must be familiar with it before implementation and, if
necessary, trained by personnel with previous experience in guard-pipe construction.

3.2.3 HEALTH AND SAFETY WARNINGS
The construction of the guard-pipe requires precaution in the use and handling of the
tools and materials to assure safety.
•

General safety precautions for working with electric and power tools must be taken.

•

When using power tools safety glasses must be used.

•

When drilling holes in a PVC pipe, safety precautions must be taken given that the
drill bit can slip out of the hole and cause injuries.

•

When painting with antifouling coating, protective gloves, glasses and clothing, and
an air-purifying respirator must be used.

•

Personnel engaged in the painting operations should review the paint Material
Safety Data Sheets in order to acquaint themselves with the properties and hazards
of the paint.
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3.2.4 EQUIPMENT AND SUPPLIES
The following tables list the equipment and supplies needed to construct the guardpipe.
Drill
Jig saw
Measuring
Tape

EQUIPMENT
2 in Drill Bit
Round File

SAFETY EQUIPMENT
Safety glasses
Dust mask
Vinyl gloves
Air-Purifying Respirator
Lab coat, apron or other suitable outfit to
protect your clothes
Table 3.2

Drill bits
Square

Straight File or Sand Paper
Table 3.1

SUPPLIES
#
1
2
3
4
5
6
7
8
9

10
11
12

Supply

Description
Length
Quantity
PVC Pipe
16 ft
1
Length
Diameter
Quantity
Galvanized or stainless steel bolt (Hex Head)
1 inch
5/16
2
(recommended 316 SS)
8 inch
9/16
1
Galvanized or stainless steel nuts
5/16
4
4 in × 4 in PVC coupling
PVC cleaner, prime and cement
Padlock (e.g. #3 from Master Lock)
Duck or Masking Tape
Small amount. To be used during the painting process.
Permanent Marker
To be used to mark the PVC pipe
For a 4 in pipe (15 in/ 37cm); for a 6 in
String, a piece of soft cardboard or paper
pipe (22in/54cm) at least long.
OR
A piece of paper and a string
The string must be at least 16 ft long
Preferable one meter long or longer. It will be
Ruler or straight stick
used to mark straight lines in the PVC pipe
Two or three ft long. Used as a helping device
Two pieces of 1-1½ inch PVC pipe.
in the drilling process
Painting Supplies
Schedule
40

Diameter
4 inch

There is a variety of ways to paint the inside - outside of the guard-pipe; using paint brushes
and rollers, paint sprayers, paint sprayers guns, or special design paint tools. In this manual,
three painting methods are briefly described:
a. Using paint brushes to paint the outside and inside
b. Using paint brushes to paint the outside and a pole with a sponge attached at one end to
paint the inside
c. Using a special designed paint tub.
Table 3.3
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SUPPLIES
Micron Extra with Biolux (5696 Dark Blue) from Interlux, International Paint Inc or
other similar. Choose the paint that works best under the environmental conditions
the station will operate (i.e. fresh or salt water).
Antifouling
coating

Black paint is another recommended color. If black paint is selected, care must be
taken if the painted pipe will stay out of the water during hot weather conditions;
the black paint can cause an increase of the temperature inside the pipe.
White or similar paints can not be used – they will cause reflection problems with
the optical sensors.
PVC pipes are generally oily; it is a good practice to clean the inside and outer
surfaces of the pipe with a degreaser (e.g. Simple Green) before painting. The
cleaning improves the bonding between the coating and the PVC.

Degreaser
a.

Using paint brushes to paint the outside and inside
Any kind. Cheap are best to paint the outside of the pipe.
Paint Brushes
1.5 inch wide to paint through the holes the inside of the pipe.
Using paint brushes to paint the outside and a pole with a sponge attached at one
end to paint the inside
Paint brushes
Any kind. Cheap are best to paint the outside of the pipe
Cheap is best to be used as the painting
Clean up sponge
device.
b.

PVC or stick
at least 8 ft long.
c.

The sponge will be attached at one end
(i.e. a ¾ in PVC pipe).

Using a special designed paint tub so the pipe can be submerged in the paint
Schedule Diameter
Length
Quantity
40
6 in
8 ft
1
6 in
1
The type and quantity will depend on the
type of holding structure to be designed.
Cont. Table 3.3

PVC pipe
PVC cap
Wood

3.2.5 CONSTRUCTION STEPS
One attribute that must be assured, in any type of protective pipe design, is that the
aquatic environmental conditions inside the pipe are the same as the outside during
sampling. In order to ensure this in the guard-pipe, four sets of 2 inch (5 cm) holes
(ventilation holes) along the pipe, and four sets of windows (13 by 2 inches; 33 by 5
cm) at the bottom of the pipe are drilled to guarantee a good water flow.
The construction of the guard-pipe is divided into three main activities:
•

Drilling the ventilation holes and windows.

•

Painting the guard-pipe with antifouling paint.

•

Preparing the safety lock system.

38

39

40

41

42

43

44

45

46

3.3 EXAMPLES OF OTHER PIPE-GUARDS
In the following, some examples of other guard-pipe designs are given for illustrative
purpose only.

→

Figure 3.3 shows guard-pipes designed by AMJ Environmental, YSI
Incorporated.

→

Figure 3.4 shows a guard-pipe designed by Nexsens Technology.

→

Figure 3.5 shows a guard-pipe used in the continuous water-quality sampling
programs of the Province of British Columbia, Canada.

→

Figure 3.6 shows a guard-pipe used in high-flow environments.

Figure 3.3 Guard-pipe by AMJ
Environmental, YSI

Figure 3.4 Guardpipe by Nexsens
Technology

Figure 3.5 Guardpipe by The Province
of British Columbia

Even though, all the designs have different layouts and styles of holes, each one
maintains the critical design factor, an adequate opening system to allow a free flow of
water through the pipe.
If the monitoring site is in a high-flow environment, it is recommended to add
additional protection to the sensors (BC Ministry of Environment, 2007). This can be
done by cutting only two or three windows at the bottom part of the guard-pipe to
guarantee a good water flow and leaving a solid part that can be faced upstream to
provide the additional protection from the fast moving debris (Figure 3.6).
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Figure 3.6 Guard-pipe for high-flow environments

3.4 PORTABLE PIPE-GUARD
Portable guard-pipes can be constructed to protect
handheld multiparameter sondes (e.g. sondes to be used
with the YSI MDS 650).
The same design principles must be applied to assure the
same aquatic environmental conditions inside and outside
the pipe.
For example, a portable guard-pipe for the YSI 600XL
sonde is shown in Figure 3.7. This device is used to
perform vertical profiling in high water flow environments.
Figure 3.7 Guard-pipe
for YSI MDS 650
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Figure 3.3 - Guard-pipe by AMJ Environmental, YSI Incorporated.
Figure 3.4 - Deployment Pipe Assemblies. Nexsens Technology.
http://www.nexsens.com/products/deployment_pipe_assemblies.htm
Figure 3.5 – Photo by Frank van der Have. An Example Of A Slotted Deployment
Tube.
BC Ministry of Environment. 2007. Continuous Water-Quality Sampling
Programs: Operating Procedures. Watershed and Aquifer Science. Science and
Information Branch. The Province of British Columbia. Resources Information Standard
Committee.
http://www.ilmb.gov.bc.ca/risc/pubs/aquatic/waterqual/assets/continuous_waterqual.
pdf

50

