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Abstract 

The cleaning of scraper arms inside a prill tower is a great safety concern in Urea Plant as it is a 
high risk activity with potential severe consequences. Several accidents have occurred during the 
manual chipping of Urea deposition on scrapper arms all over the World. Entering the scraper floor 
is dangerous even with all safety protections like steel or wooden movable structures as well as 
personnel protective equipment (PPE). Urea lumps can fall with high velocity due to the height and 
even small lumps can cause severe injuries to the personnel working inside. Some industries are 
using movable steel structures under which workers carry out cleaning. Sometimes moving the 
steel canopy inside the scraper floor is an issue. At Nagarjuna Fertilizers and Chemicals Limited 
(NFCL), India, scraper arms are cleaned without entering into prill tower scraper floor area. This 
paper provides insight into how Nagarjuna Fertilizers and Chemicals Limited (NFCL), India has 
achieved both improved Safety and Reliability by implementing these modifications.. 

This paper was presented during the 2016 AICHE Ammonia Safety Conference in Denver. 
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Introduction 
 

FCL follows a very safe practice of 
washing the urea deposition on scraper 
arms with process condensate generated 

in Urea Plant. It requires no grinding or 
hammering operations and does not involve 
entering the prill tower scraper floor area. This 
process modification of washing the scraper 
arms with process condensate has zero impact 
on the environment with full recovery of urea 
accumulated. Very few plants in the world have 
implemented this modification. To date, many 
plants are following the practice of entering the 
prill tower to conduct cleaning, exposing 
persons to serious hazards. This paper describes 
the full process scheme, modification details, 
procedures being followed while washing of 
arms and possible preventive measures for 
reducing the severity of deposition. Overall this 

modification has improved plant safety and 
operational control. 
 
NFCL has very good safety records and 
administer all important systems like Process 
Safety Management System, Responsible Care 
system 14001:2013, ISO 9001:2008, ISO 
14001:2004, OHSAS 18001. 

Background 
 
Nagarjuna Fertilizers and Chemicals Limited, 
under the flagship of Nagarjuna Group, operates 
a large, modern, integrated Ammonia-Urea 
complex with an annual capacity of 1.56 Million 
MT (1.71 Million ST) of urea, laid out in two 
streams. The complex is located at Kakinada on 
the East-Coast of India. 
 
 

N

2772016 AMMONIA TECHNICAL MANUAL2752016 AMMONIA TECHNICAL MANUAL



 
Figure 1. Typical Urea process 

 
This complex is surrounded by an excellent 
green belt of more than 283 hectares (700 acres) 
with flora and fauna, which is 70% of total plant 
area. The ammonia plants are based on the 
Haldor Topsoe’s (HTAS) Steam Reforming 
process and the urea plants are based on 
Snamprogetti’s ammonia self-stripping process. 
The typical Urea process flow diagram is shown 
in Figure 1. The main modifications are in the  
Prilling section and Waste Water section in the 
above diagram. 

Main Features 
 
The following are the typical features of the 
Prilling and Waste Water sections at NFCL. The 
schematic diagram of these sections is given in 
Figure 2. 

Prilling Section 
 
The Urea melt solution from vacuum section is 
pumped to a rotating prilling bucket which is 
located at 72 meters elevation at the top of the 
prill tower. The urea melt solution comes out of 
the prill bucket in the form of fine droplets. 
These droplets fall down the prill tower and pass 
counter-current to a cold air flow from the 
bottom louvers of prill tower which causes 
solidification. The air at the top of the tower, 
containing low levels of urea dust is washed 
with purified process condensate in the de-
dusting system before it exhausts from the top 
of the prill tower. 
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Figure 2. Before Modification – Schematic Diagram 

 
The prill tower has a conical bottom floor and 
the urea prills falling on this floor are sent to a 
belt conveyer with the help of a rotary scraper. 
 
An underground tank is used to dissolve urea 
lumps and to collect urea solution from all 
drains. This tank is equipped with stirrer and 
submerged pumps to recover solution.  
 
This solution is pumped to a Urea solution 
storage tank. The urea solution is diverted to 
this tank in the event of shut downs or back end 
problems. 

Waste Water Section: 
 
The condensed vapors from the vacuum section 
containing urea, ammonia and carbon dioxide in 
the form of waste water are collected in waste 
water tank. The waste water is pumped by feed 

pump into the distillation tower after being 
preheated in the feed effluent exchangers. After 
being treated in the distillation column and 
hydrolyzer (urea is converted to ammonia and 
carbon dioxide), the process condensate 
(purified water) leaves from the bottom of 
distillation tower. The purified process 
condensate is cooled first in the distillation 
tower preheater and then a cooling water 
exchanger (process condensate cooler). Finally 
it is sent to de-mineralized water plant for 
necessary recycling. 

Before modification - Methodology  
 
Urea gets deposited on the rotary scraper arms, 
due to continuous falling of urea prills on it. 
Over a period of time, this urea accumulation 
forms a heap on the scraper arms and gets 
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hardened. This urea heap will grow bigger in 
size, leading to scraper motor load amperage 
fluctuation and may even touch the over load 
amperage at times. In addition to this problem, 
when urea lumps fall from the top ceiling of 
prill tower, the lumps obstruct the path of 
rotation of the scrapper and a small moving 
heap will form at the blades of the scraper. Due 
to this, scraper arms may be distorted to touch 
the floor a few places. This problem sometimes 
causes damage to the scraper floor also. Hence, 
cleaning of scrapper arms is a must as heaps 
become bigger in size. 
 

Problems before modification  
 
Earlier, before implementing this modification, 
after taking shut down, people used to go inside 
the prill tower and physically hammer these 
urea lumps on the scraper arms. While doing 
physical cleaning, minor injuries and near 
misses occurred at times. There are a number of 
safety risks associated with performing this 
operation as mentioned below: 
 
 Lumps fall:  This is the most dangerous 

aspect as urea lumps fall from a height of 72 
meters from the top ceiling of the prill 
tower. This is a major safety concern. 
 

 Difficult for standing: Working or even 
standing on the floor to perform the cleaning 
operation is difficult as the floor is conical in 
shape and can lead to risks of injury due to 
slips, trips or falls.   

 
 Injuries due to physical breaking:  People 

will have injuries while hitting with 
hammer. Sound propagation within the 
scraper floor due to hitting will enable more 
loose lumps to fall.  The potential for 

injuries exists while using hammers to break 
up the urea lumps. 

 
 Shifting of Material: Sometimes urea 

lumps (after physical breaking) will be large 
and heavy. Careful shifting of the material is 
important, otherwise manual handling it may 
lead to injuries, especially as the entry door 
is relatively high compared to the scraper 
floor. 

 
The above physical cleaning was time 
consuming and it was difficult to ensure 
uniform cleaning on both arms. 

Root causes for deposition 
 
There are a number of causes for deposition. 
Few are mentioned below: 
 

A. Frequent over flow of bucket  
B. Bucket design problem 
C. High prill temperature 
D. More dust/fines in prills  
E. Improper louvers operation at bottom 

and top etc. 
 
Though the above problems can be addressed, it 
is not possible to completely eliminate the 
deposition problem. By addressing these 
problems, frequency of cleaning will be 
reduced, however the dangerous occurrences 
cannot be ruled out as cleaning of scrapper arms 
is a must. Details about how these problems 
were addressed have been covered in this paper 
below. 
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Figure 3. After Modification - Scheme for Urea Washing on Scraper Arms 
  

After modification & Change in 
methodology 
 
After implementing the new scheme, we are now 
using purified condensate from the waste water 
section for cleaning. The modifications 
implemented are as follows: 
 

A. New process condensate line to scraper 
floor with a ring header arrangement. 
 

B. Provision of rectangular hand hole for 
scraper chute. 

 
Details of modifications are as follows: 
 
A. New process condensate line to scraper 

floor with ring header arrangement: 

 
A new line has been laid from purified process 
condensate line going to prill tower top for the de-
dusting system as a makeup (Major quantity goes 
to DM plant). Each prill tower is 22 meters (72 
feet) diameter. A ring header of 3” (7.62 cm) has 
been provided at the scraper floor with 10 tappings 
for washing with process condensate. 
 

 
Figure 4. Window for scraper arms washing 
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Figure 5. Ring header around the prill tower drawing and photo of actual implementation 

 
The operator can project the water spray on to 
the scraper arms from any convenient location 
around the prill tower at scraper floor.  Refer to 
Figure 5 for details of ring header arrangement 
and photo. Sufficient distance has been made at  
the bottom louvers of the prill tower for the 
washing operation. Refer to Figure 4. 

 
The purpose of the hand hole is to check 
visually and to remove urea lumps by using 
tools like crow bar etc. This operation 
eliminates the hazard of people entering the 
scraper floor for removal of urea lumps.

 
B. Provision of a rectangular hand hole for 

scraper chute  
 

A rectangular hand hole was made on the 
scraper chute at the bottom half (upper side). 
While washing the urea heaps on the scraper 
arms, large pieces break off and fall on the 
scraper floor.  In addition, urea lumps which fall 
from bucket floor ceiling also accumulate on the 
scraper floor and are removed through washing 
only. These larger size lumps may choke the 
scraper chute at times. Hence, this hand hole is 
provided and is used for removing un-dissolved 
urea lumps. Refer to Figure 6 and Figure 7. 

 

 
 

Figure 6. Chute modification  
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Figure 7. Scraper Chute modification details  

 
 
Procedure for Washing of the Scraper arms: 

The entire washing operation can be performed 
while the main plant is in operation. Before 
starting this washing operation, if required, plant 
load will be reduced to minimum possible load 
which is around 40%. In so doing, 99.7% urea 
solution produced will be less in quantity. The 
urea solution produced can be diverted to the 
urea solution storage tank. The scraper and 
conveyors are de-energized during this 
operation for safety and the motor is covered 
with polythene sheet for protection from water 
spray. 

The process condensate temperature is raised to 
around 50oC (122 oF) by throttling the cooling 
water outlet valve of the process condensate 
cooler. Refer to the encircled valve in Figure 3. 

This way the operator can perform the operation 
with comfort and due to increase in temperature, 
the urea dissolves at a faster rate. 

Before starting the washing operation, once urea 
solution is diverted from the prill bucket to urea 
solution storage tank, the scraper is run for some 
time to ensure that the urea bed on the scraper 
floor is removed as much as possible. This will 
ensure that time is not wasted in dissolving the 
urea prills on the scraper floor while pushing of 
small lumps to the center of scraper chute will 
be easy. 

During this operation, the (hand hole) 
rectangular opening provided with flanges in the 
scraper chute is kept open. Most of the washed 
condensate comes out from this rectangular 
opening. 

The dilute urea solution generated during the 
washing of the scraper arms goes to an 
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underground trench which leads to an 
underground urea lumps dissolving tank. From 
this tank the solution is pumped to the urea 
solution storage tank. This tank has a volume of 
350 m3 (12360 ft3) capacity. 

The urea solution with 99.7% concentration and 
the dilute urea solution generated during the 
washing, both go to urea solution Tank.   The 
washing operation takes around 3 hours. This 
time is sufficient to wash out the deposition, if 
frequency of washing of scraper arms is planned 
in a proper manner. Once the washing is 
completed, the hand hole will be boxed up. The 
scraper and conveyors are energized again and 
the motor polythene cover is removed. The 
conveyors and scraper are run for some time to 
ensure that all are running normal. 

 Urea melt can be lined up to prill bucket 
immediately as the vacuum section is in 
operation during the scrapper arms washing 
activity. This modification was also 
implemented in Urea Plant II and is running  
successfully for the past 18 years.  

Benefits realized: 
 
The above modifications significantly improved 
the safety of the plant operation. 
 

1) No personnel ever injured after 
implementing this modification. 

 
2) This modification enabled us to do 

washing of scraper arms while plant is in 
operation. 
 

3) No personnel need to enter the scraper 
floor to conduct cleaning, even during 
turnarounds. 

Addressing the root causes  

As discussed above, ways to reduce the 
deposition problems were also identified and 

addressed at NFCL. Some of the points are 
mentioned below: 

 
A. Frequent over flow of Bucket:  There 

are many causes for over flow of bucket.  
 

o Periodic Cleaning: Periodic 
cleaning of the bucket will help 
in controlling fines rather than 
cleaning after over flow of 
bucket. On average, every 15 
days, prill buckets are cleaned. 
Whenever urea solution recovery 
is done, bucket holes choked 
more frequently. This is due to 
carry over of small size 
impurities along with the solution 
even though strainers are used. 
Hence, whenever urea solution 
recovery is there from urea 
solution tank, prill bucket is 
being cleaned every week. Also, 
the urea solution tank is cleaned 
during every plant turn around to 
ensure that clean solution is 
being recovered.  

o Ensuring thorough cleaning: 
After dropping the bucket, it is 
cleaned with a pin while keeping 
a lighting lamp inside. In so 
doing, choked holes can be seen 
clearly from outside and are 
cleaned effectively. 

o Tuning of Level controller to 
maintain low level:  
Proper tuning of second vacuum 
vapor-liquid separator holder 
level control valve helps in 
preventing frequent overflow of 
the prill bucket. An output lock 
has been provided for level 
control valve so that the valve 
does not open to its maximum 
extent thereby overflowing the 
bucket.  
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B. Bucket design: Ensure that the plant 
load shall match with the rotation speed 
(rpm) of the bucket operation. Running 
the bucket at more than design condition 
may produce more fines, which will 
aggravate the deposition on scraper arms 
and ceiling. At NFCL, the prill buckets 
are suitable for various loads and also 
for summer conditions. Though they are 
procured for maintaining good quality of 
the product, utilization of the proper 
bucket as per the plant load will also 
help in reducing deposition. 
 

C. High prill temperature: High prill 
temperature due to ambient conditions 
also will enhance deposition on scraper 
arms. The adjustment of the bottom and 
top louvers of the prill tower is 
important as per plant operation and 
weather conditions. NFCL has a wet de-
dusting system at the top of the prill 
tower and it is in continuous operation. 
When there is flow restriction near the 
nozzles and air path, a shutdown of the 
de-dusting system is taken. Nozzles, air 
path and sump are cleaned and the de-
dusting system is put back in operation. 
 

D. More dust/fines in prills: Operating the 
prill bucket at optimum speed 
corresponding to plant load helps in 
limiting the generation of fines and in 
turn reduces urea deposition on scrapper 
arms. Hence at NFCL, it is ensured that 
fines are always minimum at the prill 
tower bottom by analyzing the fines by 
the operation personnel themselves (not 
dependent on laboratory analysis alone) 
and taking appropriate operational 
changes within the shift. 

E. Improper Operation of the bottom 
and top Louvers: It is important to 
adjust the louvers according to the plant 
load to minimize the dust in urea 
depending on the change in wind 

direction. With the change in ambient 
conditions from day to night, the louvers 
are adjusted accordingly.   
 

A number of problems were discussed above. 
After addressing the above problems, the 
deposition on scraper arms has reduced and 
cleaning frequency has also come down. 
Nowadays at NFCL, scraper arms are being 
cleaned once in 6 months (on an average) or 
depending on the plant condition. However, 
each plant has to identify the plant specific 
problems and suitable solutions to be 
implemented to reduce the severity of 
deposition. 

Conclusions 
 
The following conclusions are offered:  
 
1. Washing of scraper arms without 

entering prill tower will avoid dangerous 
occurrences.  

 
2. Washing with purified process 

condensate is very safe and easy with 
proper planning. 

 
3. This modification does not cause any 

effect on the environment as the urea 
solution generated during scraper arms 
washing is recycled back to the system. 

 
4. A plant shutdown is not required and 

only plant load needs to be reduced 
during the operation. 

 
5. The root cause for the problems are 

identified and addressed to reduce the 
cleaning operation. 

 
6. Latest technologies and latest versions of 

prill buckets are to be reviewed, 
procured and installed in order to 
minimize fines and dust. 
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7. Maintaining proper condition of the prill 
bucket will help in alleviating the 
problem. 
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