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Scope Of Presentation

> Introduction of Ruwais Fertilizer Industries

> Introduction of the presentation

> An overview of radioactive level measurements
> An overview of radar level measurements

> FERTIL Effort-1: Replacement of radioactive device from
radar technology in high pressure Urea reactor level
measurements

> FERTIL Effort-2: Replacement of radioactive device from
tuning fork device in ammonium carbamate service
density measurements

> FERTIL Effort-3:Removal of radioactive device for dust
level from main product conveyor el

> Conclusion 2 e N/
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A. Introduction Of the Company

Ruwais Fertilizer Industries (herein referred to as FERTIL) was
established in October 1980 and the commercial production of
prilled urea commenced in December 1983. The initial capacity was
aimed at 1000MTPD of ammonia and 1500MTPD of Urea based on
Haldor Topsoe and Stamicarbon technologies. Today after
debottlenecking and other modifications the name plate capacities
have increased to 1300 MTPD of ammonia and 2300 MTPD of
granulated Urea.

In October 2009, FERTIL signed a contract with Samsung and
UHDE to execute expansion project of the company which shall

expand production capacity to 2 million MTPY of granulated urea by
first quarter of 2013.
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B. Introduction of the presentation

Despite being reliable, the radioactive source based
instruments always pose potential radiation hazards during
handling / maintenance / replacement / storage and
transportation. Guided by the problem statement FERTIL
has made sustainable efforts in near past to eliminate
radioactive devices from the site. This technical paper shall
discuss the on going efforts made by FERTIL to eliminate
radioactive sources from its site

DUBAI QUALITY

APPRECIATION
PROGRAM

©




C. An Overview of Radioactive A
technology for level measurements

» Two critical levels which require sensitive control in Urea synthesis
are reactor level and stripper level

> A low level in reactor can cause strip gases bypassing the stripper.
A high reactor level causes urea/ carbamate solution to overflow to

the scrubber. Hence the importance of correct reactor level
measurements

> A high stripper level at bottom causes urea/ carbamate solution to
reach lower tube sheet. A low stripper level causes CO2 slippage.
Hence the importance of correct stripper level measurements

> Contact type level measurements failed due to crystallization,
corrosion and strong requirements of high pressure flushing water
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»> From mid seventies the radioactive level measurement devices
came into picture in the fertilizer industry and are still being widely
employed even in new generation plants

> Radioactive radiations provide reliable non contact type level
measurement devices

» The level measurement principle is based on absorption of gamma
rays by the medium it passes through

> A typical radioactive type level measurement system comprises of a
source(transmitter), detector and microcomputer

> The source emits gamma rays which pass thru the medium and are
received at the detector. The percentage of gamma rays being
received at the detector is inversely proportional to the level of fluid.
As the level of fluid increases there is more absorption of gammy
rays and the balance is received by the detector. This forms the
basis of radioactive source level instrument calibration
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The picture above shows a schematic of radioactive Cobalt
rod source (old) for level measurement installed in FERTIL HP

Urea reactor.
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Advantages of radioactive level s
measurement devices

> Good reliability

> Robust

> Non contacting and wetting surfaces

Dis-advantages of radioactive level

measurement devices
> radiation hazards especially during handling /
maintenance / replacement / storage and transportation

This is the most important reason which has contributed
to widespread research on using alternate technologies
around the industry

» Malfunctioning of radioactive devices while xr_ayBH

radiography is carried out s ”‘“j“ b
D An Overview of radar technology for X J;/

level measurement

> Radar is an acronym for radio detection and ranging

» Offers reliable and sustainable technology as non
contact type level measurement devices for critical
services as reactor and stripper levels in a typical
fertilizer complex

> Radar waves are characterized by very low heat
intensity of the order of 0.01mW/cm2

> A typical radar level measuring device consists of a
transmitter, an antenna, a receiver with signal processor
and an operator interface
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Figure-3
A Radar level measurement set-up
Level measurement with radar waves is based
on the principle of reflection of waves by the
media and detection of the reflected wavesmtgyl .
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Radar level measurement device working principle

> The signal is radiated by an antenna toward the surface of the
process liquid .A portion is reflected back to the antenna, where it is
collected and routed to the receiver. Here, a microprocessor
calculates the time of flight and calculates the level. Time of flight is
the period between the transmission of the radar pulse and the
reception of the return echo. It is determined by the radar detector,
which is simultaneously exposed to both the sent and the reflected
signal.

> The depth of the vapor space (the distance between the datum point
and the level in the tank, identified as "d" in Figure 3) is calculated
from the time of flight (t) and the speed of light (c = 186,000
miles/sec): d=t/2¢

> The level (L ) is calculated by figuring the difference between the

total tank height (E) and the vapor space depth (d). This beoomer§
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Knowing the signal velocity (¢) and the dielectric constant (dc) of the
vapor the velocity of the radar wave transmission (V) can be
calculated: V=c/(dc)?*®

The above theory suggests the importance of dielectric constant
utilized in making use of radar technology for level measurements

» The antenna design is either parabolic or horn type
» The level measurement device is of two types namely guided and

non guided

Non contacting radar level devices either use pulsed radar waves or
frequency modulated continuous waves(FMCW). Mostly used in
fertilizer plants is the pulsed radar wave

Radar level measurement devices have been successfully installed
and operating for both Urea reactor and HP Stripper level
measurements across fertilizer sector
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A Typical schematic showing radar waves path in a

level measurement device

Transmis
sion path

Figure4
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Advantages of radar technology in level
measurements

> Safe radiations
> Very low heat intensity

Dis-advantages of radar technology in
level measurements

» Measurements affected by deposits on transmitter and

antenna
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E. FERTIL Effort-1: Replacement of radioactive
level measurement device from radar level

measurement device in high pressure Urea
Reactor

> A Cobalt 60 radioactive source (A rod source of about

2.5m long) was utilized until the year 2011 for measuring
the liquid Level in Urea Reactor
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» A Radar Level measurement system was attempted in
the year 2009 as shown in Figure -6

> A picture of horn shaped antenna utilized is attached

below

Picture-1

—
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> This attempt failed since the level indications were highly erratic and
not reliable mainly due to the turbulent and wavy surface of liquid
level caused by the bubbling of the gas through the liquid stream
inside the reactor

» FERTIL was forced to shut down the Urea Plant and reinstalled the
Cobalt 60 radioactive source for resuming production.

> During May 2011, an innovative in-house modification was carried
out on the failed radar system by extending the internal pipe and
installed a standpipe so that the guided radar waves always face a
non-turbulent liquid surface (Refer Figure-7)

» This modification made the radar system very accurate and reliable

Now the Cobalt 60 radioactive source is redundant and it will be
disposed back to Germany after the Turnaround 2012
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Picture-2

Picture-3

Picture-2 shows gas balance holes in the still
well while Picture-3 shows Liquid entry holes
in the still well
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Salient features Of the modified guided
wave radar system with still well
Make- Vega, Model- VEGAPULS 66, SAFUREX

» The modified radar system is giving trouble free operation since
May-2011

> The radar nozzle is heat traced

» Reduction of false echo due to less transition via the horn antenna

> Due to guided wave /Still well installation there is no interference
from internals

> Higher concentration of the energy emitted by the radar due to
focusing in the stand pipe, which also result in higher reflected
energy level which results in better signals

» The behavior of the liquid surface will be less turbulent in the stand
pipe which results in better signal

> The expected damping effect caused by NH3 vapors on the radar
signal will be less in a stand-pipe as compared, @ (irﬁeyspa’og’g
configuration e
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F. FERTIL Effort-2: Replacement of
radioactive density meter from tuning
fork type density meter in carbamate line

> A Cesium 137 radioactive source (a point source) was
utilized for measuring the Density of Ammonium
Carbamate solution at the suction of HP Carbamate
pumps # P-3301A/B/C/D. This radioactive source was
removed and successfully replaced with the latest and
modern Tuning Fork based Density meter in the year
2009

> The removed radioactive source will be disposed back
to the German supplier as per UAE Government's FANR
guidelines after the Turnaround 2012.
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> The natural frequency of a tuning fork is determined by
its shape and material. If the tuning fork is hollowed out
and filled with a liquid, the vibrating frequency is
determined by the liquid's density. This is the operating
principle of a tuning fork density meter

> A piezoelectric cell vibrates the fork at a resonating
frequency. When the liquid enters the hollow tubes of the
fork the oscillations get damped. Both these frequencies
(piezoelectric cell and tuning fork) are transferred to a
detector and delta f forms the basis of density calibration
as the output signal

> Tuning type density meters are not affected by flow ,
pressure and viscosity
> Mostly a temperature compensator is inbuiluw @
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Picture-4: A typical cross-section of a hollow
tuning fork type density meter
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Specifications of tuning fork meter
installed in carbamate line
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INSTRUMENT INDIVIDUAL SPECIFICATION for ~ DENSITY METER and CONDUCTIVIMETERS

MEASURE ELEMENT QUTPUT:

SERVICE: DEMSITY OUTPUT SIGHALS: #+20mA HART PROTOCOL

SENSOR TYPE: @ CHARACTERISTIC LINEAR

TEMP, COMPENSATION: NTERMNAL POWER SUPFLY. 24¥de POWER LOOP

BOOY MATERALS: FLANGE () ACCURACY: STD. NFR.
2° ANSIRF 9 FACTORY : M

RATING: AN 3008 MEASURING RANGE : 8O0+ 1 200kghm® (T)

ACCESSORIES : ENCLOSURE (ELECTRONIC TRANSMITTER AND HEAD SENSOR):

BUFFER SOLUTION: O recwnen ENCLOSURE PROTECTION:  IP4E MIN,

‘ELECTROUTE SOLUTION: D REQUWRED ELECTRICAL CONSTRUCTION:  EExd IB T3 MM

SPARE PARTS FOR INTTAL ‘CERTIFICATION REQUESTED: ATEX

STRTUTOFAMLZER B wmaumen ELECTRICAL CONMEGTIONS: 142" NPTF
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G. FERTIL Effort-3:Removal of
radioactive device for dust level from
main product conveyor

> From the yvear 1983 till 2009, A Cesium 137 radioactive source (a
point source) was used for measuring the Urea Dust on Belt
Conveyor # X-4717 as the original process of manufacturing of Urea

prills generated urea dust

> Measurement and removal of urea dust was mandatory to maintain
the final product quality

» During the year 2009, FERTIL modified the process, and dust free
Urea Granules are being produced without the necessity for
measuring the dust level and thus totally eliminating the need for the
radioactive source.

> This source was removed and disposed back to the German
supplier safely in the year 2011 as per UAE Government's Federal
. - ' r r—h‘.
Authority for Nuclear Regulation (FANR) on nucleoniispdsdl
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H. FERTIL Effort-4: Future Prospects

> Based on the successful experience gained with the
Guided Radar Wave system in high pressure Urea
reactor, another Cesium 137 radioactive source installed
in the FERTIL-1's Urea Plant HP stripper Level
measurement will be eliminated in future-along with the
HP Stripper replacement

> Because of the mechanical geometry of the vessel only
guided wave radar device having a stand pipe can be
applied for the stripper bottom
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An illustration of guided
wave radar level
measurement in Stripper

Guided wave standpipe installed in stripper DUBAI QUALITY 3 -
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l. Conclusion

> Encouraged by the overwhelming results in its endeavor to eliminate
use of radioactive devices from the site ,M/s FERTIL has suggested
strongly the EPC contractor for its expansion plant (FERTIL-2) to
look into prospects of using radar technology and tuning fork
technology in the new plant

» Currently, Gamma Ray (X-ray) technique is being used for detecting
welding defects across the globe which involves application of
strong radioactive sources like Iridium 192 and Cobalt 60.

> In order to avoid radiation hazards, in many countries, some
industries have already started using phased array UT, TOFD and
other non-radioactive techniques for the same. FERTIL is exploring
the possibility of using different proven alternative NDT methods in
place of Gamma Ray inspection in the future

> Radiation free workplace will provide a peaceful environment and
boost the morale of the employees and the society and the
company's reputation will be enhanced as an enwronment«imndl@
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