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RINGKASAN: Reka bentuk dan pembikinan sebuah pancuran dekontaminasi
kos efek!lfdipersembahkan dalam kertas int: Kaedah reka bentukyang digunakan
ialah reka bentuk menyeluruh yang meliputi kajian pasaran, spesifikasi reka
bentuk produk, reka bentuk konsep, reka bentuk terperinci dan pembikinan
sebuah pancuran dekontaminasi Empat konsep pancuran dekontaminasi telah
dibangunkan dan konsep terbaik menggunakan kaedah matrik penilaian Pugh
telah dipilih. Konsep yang dipilih menyerupaisebuah saluran C. la terdiridaripada
tiga unit paip besi tergalvani sepanjang 1 m bagi membentuk badan, dan enam
unitpaip besitergalvanibergaris pusat 30 mm sepanjang 0.5 m bagimembentu k
bahagian atas pancuran dekontaminas,: Sebagai produk /engkap, sebuah
pancuran dekontaminasi telah dibikin. Pancuran dekontaminasi tersebut adalah
ringkas, mudah a/ih, dan lebih rendah kosnya berbanding unityang sedia ada.
Pancuran dekontaminasi ini hanya memerlukan 5 00 bar untuk beroperasi dan
menghasilkan tekanan yang diperlukan untuk mendekontamin asi seseorang.
ABSTRACT : Design and fabrication of a cost effective decontamination shower
is presented in this paper. The design method follows total design route where
market investigation, product design specification, conceptual design, detail
design and fabrication of a decontamination shower were carried out. Four
concepts of decontamination shower were developed and the best concept was
selected using Pugh evaluation matrix method. The selected concept resembles
a C channel. It consists of three units of galvanized iron pipes with 1 m length to
form the body and six units of 30 mm diameter galvanized iron pipes with 0.5 m
length to form the top of the decontamination shower. As an end product, a
desirable decontamination shower has been fabricated. The decontamination
shower was simple, portable and cheaper compared to the existing unit and
requires only 5.00 bars to operate and produce the pressure needed to
decontaminate a person.
KEYWORDS : Decontamination shower, total design, emergency response,
conceptual design, detail design.
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INTRODUCTION
The residents of any industrial community or even anyone at any place are at risk from
exposures to various materials or hazardous agents, which are potentially harmful to their
health and perhaps even life threatening. The agents to which they may be exposed will vary
depending upon the activity being conducted in the vicinity, and may include, for example,
potential exposure to radioactive particulate fall-out resulting from an accident at a nuclear
power plant, toxic chemical agents accidentally discharged from an industrial plant, or biological
or toxic chemical agents unintentionally or accidentally dispersed into the atmosphere during
transportation because of accident (Cheng, 2004).
Historically many contaminate cases have occurred; for example, on March 28, 1979 at 4:00
am, a minor malfunction occurred in the system which fed water to the steam generators at
the Three Mile Island (TMI) Unit 2 Nuclear Generating Station (Anon. , 2003a). This event
eventually led to the most serious commercial nuclear accident in US history and fundamental
changes in the way nuclear power plants were operated and regulated. In the past for every
accident, emergency responders who attend to contamination material or area used only
water from the fire hose to clean up and the polluted water after cleaning was just left to drain
to natural drainage system and this was harmful to the environment. At present, emergency
responders are equipped with decontamination units, complete with decontamination shower
(Anon, 2003a).
A decontamination shower is an emergency response facility for handling clean up of mass
casualties and victims because of chemical spillage and contamination. During emergency
and hazardous materials response, a response team typically arrives at a decontamination
site in a response vehicle and then attends to a chemical spill at the site. The responders are
often dressed in full chemical gear with self-contained breathing apparatus. After attending to
the chemical spill, the responders should decontaminate themselves prior to removing their
chemical gear (Sutton, 1998).
The safety of emergency responders is an important factor in emergency and hazardous
materials response. In the past, a decontamination shower was developed to provide the
decontamination facilities on site without distracting emergency responders from their primary
task of cleaning up a chemical spill (Demeny, 1995). With this portable shower, emergency
response teams can have emergency decontamination facilities located on site. The unique
design of the portable shower allows the shower to be quickly deployed on site; the shower is
fully operational within seconds of connecting the shower to a water source and turning on the
water source. In addition, victims of the chemical spill should also be provided with emergency
chemical decontamination (Demeny, 1995).
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In general, persons arriving at the facility are required to pass into a shower room for
decontaminatio n clean up with an appropriate decontaminatio n solution. In a typical
decontamination shower, it normally includes means for persons to enter the facility from any
direction without limiting any special entrance and allows passing through the shower room to
speed up the process of decontamination. But for some other facility design, preferably persons
can only pass through the facility in one direction: persons enter a clothing bagging area
where they must remove all clothing, and cannot leave the bagging area until they are
completely free of clothing, jewellery, personal effects, wearable computers, or other devices
attached to their bodies that could interfere with complete decontamination or could harbour
contamination or chemical agents (Cheng, 2004).
Preferably there are dual facil ities, or dual tracks, one for men, and another for women, each
comprising a bagging room, a shower area, and a drying area, with a seventh triage observation
area, or remote video link and remotely operable passage locks and plumbing valve controls
for triage personnel to supervise, observe, and administer the decontamination process and
identify victims who are in greatest need of immediate medical attention. A basin is provided
to the facility to collect the contamination water. The main purpose of doing this is to prevent
the contamination water from going into the drainage system (Cheng, 2004) .
Decontamination means the use of physical or chemical means to remove, inactivate, or
destroy contaminated particles on a surface or item to the point where they are no longer
capable of transmitting contamination and the surface or item is rendered safe for handling.
Decontamination procedures should be tailored to the specific hazards of the site and may
vary in complexity, depending on the hazard and the employee's exposure to the hazard
(Anon., 2003b) .
There is a need to develop a new decontamination shower because the existing system
(Demeny, 1995) has the following disadvantages :
•
The decontamination shower currently available can only accommodate 1 person.
•
The decontamination shower currently available (imported) is very expensive.
Therefore , in this study, the development of a new decontamination shower that can
accommodate more than 1 person with a very competitive cost is presented.

METHODOLOGY
In this research, the comprehensive method of total design process is employed. It is a
systematic activity from the identification of the market need, to the sale of the successful
product to satisfy the need. The activity encompasses product, process, people and
organisation (Pugh , 1991) and it can be divided into 5 phases: marketing investigation, product
design specification, conceptual design, detail design and fabrication.
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In market investigation phase (Sapuan, 2005) , the search for information from various sources
like Internet, patents and company catalogue on decontamination shower was carried out. A
market survey was done in this study in order to obtain some information and ideas. A set of
questionnaires was sent to various potential users of the portable decontamination shower,
which are mainly from Fire and Rescue Department, chemical plants and oil refinery. According
to the results of the market survey, majority of the respondents wished to have decontamination
shower that weighs less than 60 kg.
Product design specification (PDS) is a document that contains a detailed listing of the
requirements to be met to produce a successful design. The contents of current PDS include
information on performance, installation , size and weight, maintenance, cost, materials
and ergonomics.
In conceptual design phase, several ideas and concepts of the decontamination shower were
generated. This phase determines the elements, mechanism , processes or configurations,
that in some combination or others, result in a design that satisfies the need using techniques
such as brainstorming and evaluated using Pugh selection method.
In this technique, a matrix or table is prepared, which consists of criteria for selection in left
column. Most of the criteria selected are from PDS. Meanwhile concepts that have been
generated are listed on the top row of the matrix. A concept is selected as a datum. For each
criterion, every concept is compared to the datum. Positive symbol is given if the concept is
better than the datum for each criteria and a negative symbol is given if vice-versa. 'S' symbol
is given when there are no differences between the concepts . At the end of the evaluation, the
concept that has the most positive symbol is taken as the best concept (Sapuan, 2001 ).
In the detail design phase, a very large number of small but essential points remain to be
decided . It is the phase where engineering science, practical knowledge, production methods
and commercial aspects need to be brought together, and where the most important decisions
are taken . Specifications must include the entire requirement for the component including the
operating parameters, operating and non-operating environment stimuli, test requirement,
external dimensions and interfaces that must be controlled, and maintenance provision. Finally
fabrications of decontamination shower are carried out. The materials used for fabricating the
shower are galvanized iron.
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RESULTS AND DISCUSSION
The results of the design work are presented in this section.
Product design specification
In the design of decontamination shower, the specifications are :
• Performance : Every component of a decontamination shower shall function as designed
when in operation, and there is no leakage in piping system. The water pressure must be
at least 60 psi to 90 psi.
• Installation and assembly : The decontamination shower must be easily assembled so
that user can have emergency decontamination facilities within minutes upon arriving on
site. The unique design of the portable shower allows the shower to be quickly deployed
on site; the shower is fully operational within seconds of connecting the shower to a
water source and turning on the water source.
• Size and weight : The size of decontamination shower must be 2 m in height to suit most
of the Malaysian users. It must not be lower else it will be difficult for a person to use the
facility. Although it is designed to accommodate more than one person, it must not occupy
too large an area. The decontamination shower is required to be as light as possible and
according to market survey, it should be less than 60 kg.
• Maintenance : The decontamination shower is designed to be user friendly. It must be
easy to repair and requires no specialised services. For the purpose of easy maintenance,
the decontamination shower is designed to enable use of standard components.
• Cost : Data from market survey indicated that the cost to fabricate a decontamination
shower is about RM1 ,000. However, customer is willing to pay minimum price of about
RM10,000. The current price of the existing model is RM20,000 (Sukhpal, 2003).
• Aesthetics and ergonomics : For decontamination shower, it need not be very attractive
but it must look firm and strong for cumsumer confidence. The decontamination shower
must be designed to suit human anthropometry. This means user shall not feel pain due
to the water pressure from the shower.
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Conceptual design
From the product design specification (PDS) , the important features and requirements to
design a decontamination shower are identified. Some design concepts are generated as
alternative solutions to the problems. The concepts generated are described as follows:

Concept 1
In this concept, the decontamination shower uses standard hose with couplings spray nozzles
and non-slip raised foot platform so that it is safe for the user. This concept comes with male
instantaneous coupling for connection to fire service standard delivery hose. The flexible hose
is with poly vinyl chloride (PVC) nozzles. Each flexible hose incorporates four nozzles. The
base tubing, which fits around the foot platform, incorporates four male instantaneous couplings,
which were mated with the female instantaneous coupling on the legs. When water source is
turned on, it becomes rigid and forms a stable frame for decontamination shower. The concept
is shown in Figure 1.

Figure 1. Concept 1 for the design of
decontamination shower

Figure 2. Concept 2 for the design of
decontamination shower

Concept 2
In th is concept, forty units of galvanized iron pipes with 0.5 m length and 30 mm diameter are
used to form the frame of the decontamination shower. This concept uses twenty-eight units ·
of sprinkler head, twenty-nine units of straight tee, eight units of three-way elbow and include
instantaneous coupling for connection to fire service standard delivery hose. But this concept
needs a very high water pressure to operate. The installation and assembly of decontamination
shower are difficult and require more than one person. The advantage of this concept is that
the structure is stable and reliable as shown in Figure 2.
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Concept3
In this concept, the design is very simple. The outlook is like C channel. Three units of 30 mm
diameter galvanized iron pipes with 1 m length are used to form the body and six units of 30
mm diameter galvanized iron pipes with 0.5 m length form the top of the decontamination
shower as shown in Figure 3. Pipe fitting used are six 90° elbows, a ball valve, four shower
heads and a coupling for connection to fire service standard delivery hose. It only occupies a
small area.

Concept4
By referring to Figure 4, this concept is combination of a hemisphere and a cubic frame . The
hemisphere is the operating part. It is made of hoses with coupling spray nozzles. When the
water source is turned on, the hose will be rigid and form the shape of a hemisphere with 2 m
diameter. The cubic frame only acts as a support to the hemisphere decontamination shower.
The height of the cubic frame is 1 m.

Figure 3. Concept 3 for the design of
decontamination shower

Figure 4. Concept 4 for the design of
decontamination shower

Evaluation of the best concept
Choosing between alternatives is an important step in design activity. It should be the most
rational and reliable alternative. The selection is done after considering the objectives or criterion
that the design is supposed to achieve. As stated in methodology, 'Pugh' conceptual evaluation
technique is used to select the best concept to proceed with detailing. In this evaluation process,
the method utilised directly one leg of the matrix criteria for selection derived directly from the
specification; the other leg being the concepts themselves. A concept comparison in evaluation
matrix is established which compares the generated concepts, and with the other, against the
criteria for evaluation. A datum choice is chosen where all other concepts are compared. In
this design, concept 1 is chosen as the datum. In considering each concept and criterion
against the chosen datum, the following legends are used :
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+ (plus)
- (minus)

s

meaning positive attribute
negative attribute
meaning same as datum

The score pattern in terms of number of +'s, -'s and S's achieved relative to datum is
established. (Sapuan and Maleque, 2005). The conceptual evaluation chart is shown in Table
1. As a result, the total positive symbol of concept 3 is the highest among 4 concepts, so
concept 3 is chosen.
Table 1. Conceptual evaluation chart for designing decontamination shower
using 'Pugh' evaluation method

Concept

1

2

3

4

s
s

s

~

-

Criteria
Performance
Installation and assembly
Size and weigth
Maintenance

::)

I-

Cost

<(

Material

0

Accomodation
Results

+
+
+
+
34+

+
+
+
+
+
05+

-

s
+

s
s
21+

Detail design
After evaluation of the best concept of decontamination shower, the final design is chosen to
perform the specific task. Concept 3 with C channel outlook was chosen for certain reasons.
This is because the shape of C can support the decontamination shower and reduces the
force applied to the hand of user when holding the decontamination shower. The design is
very simple but still meets the requirement of decontamination and not much machining is
needed, therefore resulting in the lower production cost of the decontamination shower.
The function of a coupling is used for connecting pipes (Blankenbaker, 1978). In this study,
coupling is used to connect the portable decontamination shower to the hose reel to operate.
The front of the coupling is threaded but the end part is smooth .
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Fabrication of decontamination shower
Figures 5 to 9 show the methods to assemble the portable decontamination shower. The
operating portion of decontamination shower is shown in Figure 5. Firstly, a horizontal 0.5m
length pipe is connected to an elbow. Then a bush is connected to the elbow. Shoulder
nipple is placed between the bush and showerhead. The assembly of a portable
decontamination shower with one showerhead is shown in Figure 6. Initially, the operating
portion is connected to an elbow to link it to the first vertical riser pipe and this pipe is in turn ,
connected to another elbow to link it with the second vertical riser pipe. A ball valve is placed
between two riser pipes and finally another elbow is required to join the lower riser pipe with
branch pipe. The horizontal branch pipe is connected to a union joint and the union joint is in
turn connected to a coupling.

Figure 5. Assembly of operating portion

Figure 6. Assembly of portable
decontamination shower with one
showerhead

Figure 7. Assembly of portable
decontamination shower with two
showerheads

Figure 8. Assembly of portable
decontamination shower with three
showerheads

Figure 9. Assembly of portable decontamination shower with four showerheads
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Figure 7 shows the assembly of a portable decontamination shower with two showerheads.
Initially, two operating portions are connected to the distributor pipe by using straight tee.
Then the distributor pipe is connected to riser pipe with an elbow. Figure 8 shows the assembly
of portable decontamination shower that can accommodate three persons. Three operating
portions are linked to the distributor pipe by using a cross. Figure 9 shows the assembly of a
portable decontamination shower with four showerheads. The four operating portions are
connected to distributor pipe by using straight tee and cross. Both distributor pipes are
connected by means of the same cross.
Figure 10 shows the upper portion of decontamination shower that can accommodate three
persons while Figure 11 shows the upper portion of decontamination shower that can
accommodate four persons. Figure 12 shows the connection of the body of decontamination
shower to hose reel. It is clearly seen that the coupling is fixed inside hose reel and connected
to the body. Figure 13 shows the decontamination shower in operation. The body is connected
to the upper portion and hose reel.

Figure 10. Upper portion decontamination shower that can accomodate
three persons (concept 3)

Figure 11. Upper portion decontamination shower that can accomodate
four persons (concept 3)

Figure 12. Body of portable decontamination shower connected to hose
reel

Figure 13. Decontamination shower with
four showerheads in operation
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The calculation of minimum pressure required to operate decontamination shower is
shown in Table 2.
Table 2. Calculation of minimum pressure required to operate
decontamination shower
Number of Elbows I Tees I Ball Valves I Coupling
Quantity of elbows
Quantity of tees
Quantity of ball valves
Quantity of couplings
Equivalent length per turn for elbows
Equivalent length per turn for tees
Equivalent length per turn for ball valves and couplings
Equivalent length due to elbows, tees, ball valves and
couplings

= 6 pcs
= 1 pc
= 1 pc
= 1 pc
= 0.91 m per pc
= 1.52 m per pc
= 0.15 m per pc
= 7.31 m

Total Equivalent Pipe Length due to Pipe and Fittings
Actual pipe length

=
=

Equivalent length due to elbows, tees,
ball valves and couplings
Total equivalent pipe length

4.27 m
7.31 m

=
=

12.74 m

Pressure drop

=

23 psi per 30.48 m

Total Pressure Loss due to Pipe and Fittings

=

2.93 m w.g

Net Static Head Loss

=

2mw.g

Minimum Pressure at Shower Head I
Residual Pressure

=

42.21 m w.g

Total Pressure Head Required

=
=
=

47.14 m w.g

Add 10% Safety Factor

11.58 m

Pressure Loss due to Pipe Surface Friction

Pressure Required to Operate
Decontamination Shower
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CONCLUSION
In this paper, the fabrication of a desirable decontamination shower was performed. The
decontamination shower was simple, portable and of lower cost compared to the existing unit.
It was designed to meet the requirements of decontaminatio n. All the parts of the
decontamination shower were designed according to the product design specifications (PDS).
The decontamination shower only requires 5.00 bars to operate and to produce the pressure
needed to decontaminate a person.
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