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Preface

This is the 4th Alexandria International Conference & Exposition on Heat Exchangers,
Boilers & Pressure Vessels(HEB'99). This time, the main topic of the conference and
exposition is WELDING Technology which is considered one of the most important
industrial topics.

As a consequence of the last conferences, many industries began to retook at their
equipment from several practical views and suggested more items to be investigated.

In the present HEB'99 besides the scientific research sessions, a couple of advanced
workshops will be held. One is directed by ESAB Company about the Advanced
Technology of Submerged Arc Welding and the second is sponsored by Tibbin
Institute for Metallurgical Studies (TIMS) in the field of" Composite Reinforcements
Sleeves" and "Regenerative Ceramic Burners".

This reflects the interest in the conference themes leading in turn to upgrade the level of
exchanging experiences and ideas.

The continuation of helding this conference every two years is the result of the
cooperation between sharing authors, the organizing and scientific committees as also
the sponsoring agencies. So, many thanks are due to all who contributed in HEB 99.

Editors
Prof. K. EI-Adham

A/Prof. Mohy M. Aly
A/Prof. Khaled Ahmed
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Chlorination with Debris Filter as Method for
Steam Condenser Fouling Prevention

M. M. AH, N .T. Khoury, W. A. Hassan M. Safwate
Atomic Energy Authority, Alex. Branch, Egypt.
Egyptian Electricity Authority, Abu-Qir, Egypt.

The quality of cooling water systems is one of the important parameters
in power plants. Many treatment methods are used in cooling systems to
prevent corrosion and fouling of the steam power plant condensers. This
paper presents the using of chlorination with debris filter as a treatment
method for fouling prevention in condensers. Taking a steam power plant
as a case study it shows the effect of using debris filter on the number of
shutdowns due to condenser cleaning.



Chiorination with Debris Filter for Improving
the Quality of Cooling water System

In Power Stations

M. M. Ali, M. Safwate

Atomic Energy Authority, Alex. Branch, Egypt.

Abstract

The quality of cooling water systems is one of the important

parameters in power plants. Many treatment methods are used in cooling

systems to prevent corrosion and fouling of the steam power plant

condensers. This paper presents the using of chiorination with debris

filter' as a treatment method for fouling prevention in condensers. Taking

a steam power plant as a case study it shows the effect of using debris

filter on the number of shutdowns due to condenser cleaning.
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Introduction

Microorganisms like bacteria, algae, and fungi are often found in

cooling water systems. Many heat exchangers have been fouled by

microbial activity, which may lead to frequent shutdowns in cooling

system operation that reduces its efficiency. Microbiological growth may

also cause other problems such as odors and environmental pollution.

Therefore, treatment of cooling water is essential for microbiological

control of water quality (l). Microorganisms enter a cooling system



through different sources. They may be in the source of the cooling water

(one through pass seawater system). They may be in the makeup water

supply itself (closed system) or be in the air passing through the cooling

tower (using open recirculating system). The microorganisms which

inhabit power plant or industrial cooling water system can adversely

affect the efficiency of the operation either by generated metabolic waste

products or deposits created. An effective, well-designed water treatment

program can reduce many of problems incurred(2).

Chlorination method

Chlorine is an effective microbiocides (l).

When chlorine is injected to water many reactions has been occurred as

follows: -

Cl2 + H2 O -» H0C1 +HC1 (1)

Chlorine hydrolyzes to form two acids, hypochlorous and hydrochloric,

as shown in equation (1). Hypochlorous acid will ionize according to this

reversible reaction (2):

HOC1 H+ + OCr -— (2)

The amount of hypochlorite ion determines the biocidal efficiency.

Hypochlorous acid is an extremely powerful oxidizing agent(3). There are

a number of basic types of chlorination programs, among them

prechlorination and postchlorination; terms which refer to the point at

which the system is disinfected. In cooling water system, the most

prevalent program is called break point chlorination. Chlorine is dosed to

the system initially to satisfy the demand of the system and then to attain

the desired free residual chlorine level. Chlorine demand of the system

refers to the amount of chlorine, which will react with contaminants

before any chlorine (residual) is left unreacted (l). However this residual

chlorine discharged with cooling33Utlet hot channel can continue to react



with such contaminants in the receiving stream as ammonia, nitrogen,

and phenols to produce chloramines and chlorinated phenolics, which are

toxic to fish. Many plants have found it advantageous to chlorinate their

cooling system at night, in an effort to prolong their chlorine residuals

action since sunlight (ultraviolet light) breaks down chlorine. Chlorine

levels should be monitored at the end of the system; existence of a

residual at that point assures the presence of a residual through the

system. Because the amount of chlorine added to the cooling water is

directly proportional to the alkalinity reduction. Many plants find it

necessary to suspend acid feed during chlorination periods in order to

avoid low pH excursions (l).

Chlorine of polluted cooling water may alter the character of the

organic materials present. Chlorine can react and oxidize organics

forming stable chlorine containing organic compounds, some of which

may have determinable ecological and health effects (4). Chlorine reacts

with ammonia in water to form chloramines as follows:

H0C1 + NH3 -> H2O + NH2C1 (monochloramine) (3)

HOC1 + NH2C1 -> H2O + NHCI2 (dichloramine) (4)

HOCi + NHCI2 -> H2O + NCI3 (trichloramine) (5)

The chloramines formed depend on the pH of the water, the amount of

ammonia available, and the temperature. The formation of chloramines

contributes to the combined chlorine residual. There is widespread belief

that chloramines are more harmful environmentally than chlorine itself.

These compounds do have toxicity but will not be effective until a pH of

9.5 or greater. Only hypochlorous acid and hypochlorite ion can produce

free residual chlorine (5). Besides chlorination, some power plants use a

suitable material of condenser tubes, ferrous sulfate injection which leads



to the formation of protective film of ferric hydroxide which is useful to

prevent malignant impingement attack (used when chlorine injection has

been stopped to prevent interference reaction), cathodic protection,

sponge ball cleaning, modified screen system, and debris filter.

Debris filter

There are two types of debris involved: a) plants and animal

marine organism which pass the prescreens in the larva stage to grow

while sticking at the walls of the cooling water piping. They are removed

from the pipe walls by the cooling water flow and washed into the

condenser or heat exchanger, b) Coarse particles reach the cooling water

circuits due to defective seals at travelling screens, their safety valves, as

"carry over", or because of oversize meshes. The accumulation of debris

may lead to the clogging of condensers tube sheet which results in :-

1) Reduced cooling surface area, 2) Increased pressure loss and reduction

of cooling water flow, 3) Increased heat consumption, 4) Increased

condenser back pressure; resulting in reduced turbine output, 5) Increased

corrosion due to anaerobic decay of organic matters deposits in the

clogged cooling tubes and, 6) Increased operating costs. So the

chlorination is not enough to avoid fouling inside condenser tubes. The

aim of this work is to investigate the role of chlorination done and in

conjunction with debris filter in preventing fouling of steam condensers.

Material & Methods

This study was done during the year of 1999 from januuary to

September. A condenser of steam power plant with 925 MW/h capacity

was selected to cany out the present study-. Two trail runs were tested. In

the first trial, the cooling water in this condenser was treated chemically

by chlorine alone. In the second trial, chlorination was followed by

mechanical treatment through debris filter. A continous chlorine dose of 2



mg/1 and a 10 mg/1 shock dose were used. Contact time was 24 hour.

samples. Samples were taken monthly at the entrance of the condenser,

before, and after the debris filter. The system and the structure of the

debris filter are shown in Figures (1) and (2), respectively. The cooling

water samples were analyzed for pll and residual chlorine according to

Standard Methods for the Examination of Water and Wastewater.(6) The

efficiency of both trials was measured by comparing the number of

shutdowns, for condenser cleaning, and the maximum power capacity of

the power plant before the introduction of debris filter (year 1994 data

base) and after the introduction of the filter (year 1999 data base).

Results and Discussion

Figure (3) showed the total residual chlorine and pH during the

trial before entering the debris filter. It showed that the residual chlorine

varied between 0.1-0.2 mg/1. On the other hand pH are ranged from 8.1

to 8.28. Figure (4) showed the total residual chlorine and pH of cooling

water after debris filter. This figure showed that the residual chlorine

varied between 0.05-0.1 mg/1. This decrease in residual chlorine indicated

that the organic matter and debris had consumed some of the chlorine in

the oxidation process. This emphazised the role of the debris filter and its

function to protect condenser tubes from fouling. In 1995 the

investigated power plant had put a number of debris filters along the

entrance of condensers, figure (1) and (2) Comparison between the

number of shutdowns due to the cleaning of condenser and maximum

power capacity of the power plant during 1994 (before introducing debris

filter) and 1994 (after using the filter) is shown in figures (5) and (6),

respectively shutdowns due to using chlorination method was only about

two times per day with a decrease in maximum capacity from 150 to 75

Mw/h. On the contrary, the number of shutdowns had been decreased



when using chlorination with debris filter to 20 times a year, and the

maximum capacity was still 150 Mw/h during the whole year, figure (6).

The summary of the data base obtained during 1944 and 1999 is shown in

table (1) . This table illustrates of the monthly mean number of

shutdowns, the improvement of maximum power capacity , residual

chlorines and pH of cooling water resulting from the introduction of the

debris filter . It reveled that there are significant differences between the

conditions before and after the operation of the filter. The most

important observations are those of the sharp decrease of the number of

shutdowns . The current number dropped to 4.1 % of the previous one.

The maximum power improved to 187.5 of the original capacity .This

decrease the costs which have been resulted from decreasing of capacity,

the cnumber of workers which had been used in cleaning of condensers,

and the daily decrease of cooling water production.

Conclusion

1- The suitable selection of power plant site is very important to

avoid fouling and other industrial problems.

2- The frequent shutdown due to the cleaning of the condenser 1

leads to decreasing of maximum capacity , and of cooling water

of the investigated power plant.

3- The number of workers which have been used in cleaning of the

condenser may increase the costs of operation process.

4- Using chlorination with debris filter is a suitable treatment

method of cooling water system to avoid fouling formation.

5- Prechlorination is effective in removing organic debris cought

in debris filter



Reference

1- Drew; Drew principles of industrial water treatment; Drew

Chemical Corporation, Boonton, N.J., USA, 1990.

2- Fathy ML, Behavior of chlorine during treatment of cooling

Water the 3rd International Conference On Heat Exchangers,

Boilers and Pressure Vessels, April 5-6, 1997, Atomic Energy

Authority, Alexandria , Egypt, 198:205.

3- Minear, R. A., and Amy, G.L., Disinfection by-product in

water treatment, CRC Press Inc., and Lewis Publishers, New

York, USA, 1996.

4-Katz, B.M., Chlorine dissipation and toxicity presence of

nitrogenous compounds, J Wat. Pollut. Cont. Fed. 1977;

49.1627.

5- White , G.C., The handbook of chlorination and alternative

Disinfectants, Van Nostrand Reinhold, New York,USA., 3rd

Edition, 1992.

'6- Arnold E. Greenberg, Lenor S .Clesceri, Andrew D. Eaton,

Standard Methods For The Examination Of Water And

Wastewater, 18th Edition, American Public Health Association,

1992.



Table (1) Comparison between conditions before and after introduction of debris filter

Parameter

Shutdown days/month
Maximum power, MW/li
Cooling water residual chlorine, ppm
Cooling water pH

Before

X

60.8
75

0.14
8.21

SD

2.1
0

0.04
0.09

After

X

2.5
140.6
0.07
7.96

SD

7.1
26.5
0.02
0.12

After/before
%

4.1
187.5
NA
NA

t-test

1.1E-08
2.10E-04
1.30E-03
4.10E-04

r-

Simple correlat ion coefficient be tween residual chlorine and p l l = 0.758

N B : ,

X : Arithmetic mean , SD: Standard deviation, NA : Not applicable, r-: Simple correlation coefficient
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Fig (1) Diagram of one through cooling water system with debris filter
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Fig (r2) Structure of the Suggested Power plant Debris Filter
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Guidelines for Quality Control and Assurance of Weld
According to ISO 9000

Kamal Skeiker
Scientific Services Department, Atomic Energy Commission

P.O. Box 6091, Damascus, Syria

The International Standards for auditing and evaluation quality systems
ISO 9000 were adopted by the General Convention for International
Trade and Tariffs, which will enter into force in 2005. Consequently, The
industrial establishments have to implement the adopted International
Codes on their products and the applied Quality Systems. Since many of
the Arab Countries contributed in establishing this convention, it is not
reasonable to be far in our practical fact from the practical participation in
it, regardless of its disadvantages or advantages, which have not found
out yet .Furthermore, the observers ant specialists emphasize, that these
International Standards will be the common international language during
the coming few years.
Moreover, with the aim of enlightening the Arab Scientific Cadres
working in various industries and research centers, and to let them know
some methodological aspects relating to the field of realizing the products
meeting the basic function and safety requirement. So that, concerning
the quality control and assurance of weld, the light was focused on each
of the following subjects: quality control and assurance during the
manufacturing of weldment, quality evaluation of weld, welding defects
and discontinuities, acceptance criteria for welded joint according to the
international standard ISO 5817, qualification and certification of
personnel ( welding inspectors) according to the International standard
ISO 9712.
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Guidelines for Quality Control and Assurance of Weld
According to ISO 9000

fUlA Aiuaj S-ij* L i l

ISO 9000 i

- 6091 M-O^3 ~
Kanial Skeiker

Scientific Services Department, Atomic Energy Commission
P.O. Box 6091,Damascus, Syria

Abstract
The International Standards for auditing and evaluating quality systems ISO 9000 were adopted by the
General Convention for International Trade and Tariffs, which will enter into force in 2005.
Consequently, the industrial establishments have to implement the adopted International Codes on their
products and the applied Quality Systems. Since many of the Arab Countries contributed in establishing
this convention, it is not reasonable to-be far in our practical fact from the practical participation in it,
regardless of its disadvantages or advantages, which have not found out yet. Furthermore, the observers
and specialists emphasize, that these International Standards will be the common international language
during the coming few years.
Moreover, with the aim of enlightening the Arab Scientific Cadres working in various industries and
research centers, and to let them know some methodological aspects relating to the field of realizing the
products meeting the basic functional and safety requirements. So that, concerning the quality control
and assurance of weld, the light was focused on each of the following subjects: quality control and
assurance during the manufacturing of weldments; quality evaluation of weld; welding defects and
discontinuities; acceptance criteria for welded joint according to the International Standard ISO 5817;
qualification and certification of personnel ( welding inspectors ) according to the International Standard
ISO 9712.
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N! . *~ * j p ' j - J ' Sal—aJJI •» !• ̂ - j S
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HEB 99, Cairo , Egypt, October 3 - 5 ,1999 EG0100175

Energy Efficiency and pollution Control for thermal
units in the Egyptian industry

Said Abd El-Wahab & Wafaa Ismail .M
Tabbin Institute for Metallurgical studies (TIMS )

Energy conservation and environmental protection project (ECEP) is a
USAID sponsored project. Its main objective is to promote energy
conservation and pollution protection in the Egyptian industry through a
group of demonstrated projects. One of the implemented activities is the
boilers and furnaces tune-up program, which aims to increase energy
efficiency and reduce pollution. To achieve this objective. (ECEP)
distributed 100 electronic portable exhaust gas analyzers to cover eight
industrial sectors at six different geographical locations in Egypt. These
analyzers were used to measure the contents of exhaust gases to help
operators tune up their equipment on regular basis. The result is that the
firing thermal units operate at the highest possible combustion efficiency
to reduce the amount of fuel consumption as well as pollution emissions.
The analyzer used measures two types of temperature, five different stack
gases, draft and smoke density. Moreover it computes the efficiency of
combustion as well as CO2 and excess air percentage. Thermal units that
tested by these analyzers were consuming a huge amount of fossil fuel
from different types .The average combustion efficiency for thermal units
tested was improved by 14%, 15.5% and 28% for boilers, furnaces and
diesel engine respectively.
Moreover, tuning-up has doubled the number of boiler that have
efficiency greater than 80% .This improvement in combustion efficiency
has resulted in fuel saving of 9.1% or about 17894 TOE / Month .
Environmental impact of the project could be expressed by reductions of
0.3%, 36%, 87.4%, 8.6% for CO2, SO2, CO and NOx emissions
respectively. Presented article will cover the program description of its
framework. Instrumentation facilities and data analysis will be given. The
result of tune-up process as well as the energy and environmental impact
will be proceeded.
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Abstract

Energy conservation and environmental protection project (ECEP) is a US AID
sponsored project. Its main objective is to promote energy conservation and
pollution protection in the Egyptian industry through a group of demonstrated
projects. One of the implemented activities is the boilers and furnaces tune-up
program, which aims to increase energy efficiency and reduce pollution. To
achieve this objective. (ECEP) distributed 100 electronic portable exhaust gas
analyzers to cover eight industrial sectors at six different geographical locations
in Egypt. These analyzers were used to measure the contents of exhaust gases to
help operators tune up their equipment on regular basis. The result is that the
firing thermal units operate at the highest possible combustion efficiency to
reduce the amount of fuel consumption as well as pollution emissions.
The analyzer used measures two types of temperature, five different stack
gases, draft and smoke density. Moreover it computes the efficiency of
combustion as well as CO2 and excess air percentage.
Thermal units that tested by these analyzers were consuming a huge amount of
fossil fuel from different types.
The average combustion efficiency for thermal units tested was improved by
14%, 15.5% and 28% for boilers, furnaces and diesel engine respectively.
Moreover, tuning-up has doubled the number of boiler that have efficiency
greater than 80% .This improvement in combustion efficiency has resulted in
fuel saving of 9.1% or about / 7894 TOE/Month .
Environmental impact of the project could be expressed by reductions of 0,3%,
36%, 87.4%, 8.6% for CO2, SO2, CO and NOX emissions respectively.
Presented article will cover the program description of its framework.
Instrumentation facilities and data analysis will be given. The result of tune-up
process as well as the energy and environmental impact will be proceeded.
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1- INTRODUCTION

In Egyptian industry, high potential of energy saving for the most of the
operating thermal units can be achieved through combustion efficiency
improvement procedures. Screening done for boilers, ovens and furnaces has
shown that at least 25% of the industrial thermal units have the potential for
significant saving through the application of combustion improvement
measures.

Optimum combustion efficiency occurs when fossil fuel is burned with
exactly the right amount of air to insure complete combustion. In the
industrial thermal process using fossil fuels as energy sources, care should
be exercised in the indication of the degree of "Combustion Completeness".
Coefficient of air utilization is the main factor that inhancies the character of
the burning process. The objective of good combustion is to release all of the
energy content in the fuel while minimizing losses from combustion
imperfections and excess air.

In the combustion process, if air input is low, carbon monoxide (CO) levels
are high due to incomplete combustion. This unburned fuel results is a loss
in combustion efficiency. On other hand, if air input is high, CO disappears
but oxygen is present, indicating extra air in the flue gas. Accordingly,
maximum combustion efficiency is achieved when the correct amount of
excess air is supplied so that the sum of the unburned fuel loss [CO &
combustible gasesJ and the flue gas heat loss is minimized.

In local industry, excess air levels in combustion systems are generally
higher than necessary. Saving can be realized if the coefficient of air
utilization is adjusted. In existing operational system, fuel type, air / fuel
ratio control system and burners are fixed and improvements are limited to
optimizing combustion air. This means the system must be properly adjusted
and operated. Adjustment or tune-up can only be done effectively with a
combustion portable gas analyzer. Prior to the project, the use of such
combustion analyzers was not widespread in Egypt.

2- PROSMMDESCRIPTION

The main idea of the program is the loaning of 100 portable electronic
combustion analyzers to 81 public sector companies located throughout the
country. Electronic portable gas analyzers are used to adjust the chemical



analysis of the exhaust gases, obtaining the highest possible level of
combustion efficiency to reduce the amount of fuel consumption as well as
the pollutant emissions .

The participating company does not own the analyzer and the key point in
project management success has been to make the companies responsible
for the equipment. Before participating, companies commit to using the
equipment on a regular basis and to submitting a monthly report to ECEP/
TIMS. This enables the compiling of a data base to track the success of the
project as well as to annabel ECEP staff to monitor the energy saving
achieved by the individual industries, give feed back to each company and
identify plants requiring additional training or assistance. All industry staff
receive a general training so they can operate the equipment with minimum
assistance from ECEP staff. In addition this training and establishment of the
data base, certain other sustainable features have been built into the program
such as periodic calibration, testing and repair of the units.

Prior to program start-up (Gas Analyzer Demonstration Program) GADP
working team was formed. The base of this team work selection is to be
capable for distribution of 8 combustion analyzers per month, follow-up
plant data, training plant personnel, maintenance and service of instruments
and issuance the monthly monitoring report.

3-MEASUftEMENT INSTRUMENTA TION

The combustion analyzer used by ECEP are two models, Enerac 2000 and
Lancom 6500A, manufactured by Energy efficiency system, ofWestbury,
New York, USA & land combustion , Bristol \ USA respectively.

These instruments measure different gases parameters including composition
and temperature and calculate combustion efficiency. Each unit includes
sensor for measurement of oxygen, oxides of sulfur, carbon and nitrogen,
unburned hydrocarbons and a thermocouple probe for measuring flue gas
and ambient air temperatures. The units can be preprogrammed for the fuel
type used and from these combustion efficiency is automatically calculated
by the unit's built in microprocessors.

Table, (1) and table (2) show in details types, ranges and accuracy of both
measured and computed parameters.
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Table (1) Specifications of the measuring instrument parameters

Parameter Type of sensor Range Accuracy

Measured parameters
Ambient temperature
Stack temperature
Oxygen
NOX

CO
so2
Combustible gases

IC sensor
Type K thermocouple
Electrochemical cell
Electrochemical cell
Electrochemical cell
Electrochemical cell

Semiconductor sensor

O-65°C
0-1100°C

0-25%
0-2000 ppm
0-2000 ppm
0-2000 ppm

0-2.5 %

1.7°C
2.8°C
0.2%

5% of reading
5% of reading
5% of reading

10% of reading in CH4 gas

Table (2) Computed parameters

Combustion
efficiency

CO2

Excess air

Heat loss method

—
—

0-100%

0-40
0-1000 %

1% (above H2O condensation
2% (below H2O

condensation)
5% of reading
10% of reading

4'BASANALYZEg DISTRIBUTION

Two hundred exhaust gas analyzers have been available under boiler and
furnaces tune-up program for distribution to the several plants in Egypt.
Public sector companies have received one hundred and twenty five, and the
private sector has received seventy five. From February 1992 to Feb. 1997
eighty one public sector companies participated in this program. The present
study is concerned only with public sector companies. Figure (1) shows
geographical distribution for these analyzers from which it can be seen that
more than one third participating plants are in Greater Cairo while
Alexandria has more than one forth. The remaining is distributed among
Delta, Upper Egypt, Canal, and Sainai.

Figure (2) shows the same distribution by industrial sector. It is quite clear
that the food and chemical industries represent the largest number of
participating companies, 30 % and 21% respectively. They are followed by
textiles, engineering mining, metalurigical, petroleum and millatry sector in
percent of 16%, 8 %, 7%, 6% and 2% respectively.



5-lMPACT ON FUEL CONSUMPTION

The total annual fuel consumption recorded during the last year of the
project life was found to be 1,970,145.65 to.e. The percentage of fuel saving
is calculated using the following equation : •=

Fuel saving (%) = EFFAT~FFFBT %
EFrAT

Where EFFAT is the percentage combustion efficiency after tuning and
EFFB.T is the percentage combustion efficiency before tuning.

Accumulated fuel saving during the same year was found to be 100 873.34
TOE which represents more than 5 %from the total consumption.

Figure.(3) presents the percentage fuel saving for the program, during whole
period.

^-IMPACT ON POLLUTANT EMISSIONS

The combustion process at industrial plant makes a significant contribution
to air pollution. The major pollutants that are monitored through the tune -
up program are carbon monoxide (CO), nitrogen oxides (NOJ, sulfur
dioxide (SO2), carbon dioxide (CO2) and unburned hydrocarbons (CxHy).

CO reacts with the hemoglobin and reduces its capability to carry oxygen
even when present in low concentrations. Exposure to both NO2 and NO
results in coughing and irritation of respiratory tract. SO2 tends to irritate the
mucous membranes of the respiratory tract and faster the development of
chronic respiratory diseases. Both NOX and SO2 are the main contributor to
acid rain formation. Further more, the above mentioned pollutants have
significant impact on animal health and cause the deterioration of several
types of materials. CO2 produces the green house effect, which results in
glabal warming. Table (3) presents the accumulated amount and monthly
reduction precentages of the above mentioned pollution during the program
life.
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Table (3)
Impact On Pollution Prevention

Pollutant

CO
NOX

SO2

1 CO2

CXHy

Percentage reductions

for last month

87.4
8.63

36.33
10.36
82.14

Accumulated reduction

for alt period (Ton)

39303.74
8756.34

22775.04
1150570.5
25294.6

7- COST BENEFIT ANAL YSIS AND SIMPLE PA YPA CK PERIOD

The cost of one hundred gas analyzer including customs is 525,000 US $ [unit
cost = 5000 US$& custom = 5% per unit]

The annual maintenance and operation (M/O) cost is assumed to be 7%, and the
annual spare parts cost is estimated at 10%, the cost of capital for the project is
assumed to be 6%. The inflation rates for energy, M/O, and spare parts are
10%, 7% and 10%, respectively.

According to the monthly monitoring results, the annual fuel saving is 100873.4
TOE and considering the cost of TOE as 120 US $, then the cost of fuel saving
will be 12104800.8 US$.

The simple pay Back period (SPB) is calculated for the whole program, using
the following equation:

SPB = Total cost of equipment (US$)
Annual saving (US$)

SPB was calculated to be 0.52 month.
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Ill addition to producing significant results, the project experience has yielded a
number of valuable "lessons learned"

• Low cost measures distributed to many end-users can result in a large
savings normally difficult to achieve without a large capital investment,
provided the project is managed effectively.

• It is more effective to adopt simple, locally handled and sustained
technologies rather than high level sophisticated systems with a short term
sustaining period.

• To facilitate project success, the individual companies must be
responsible for the equipment and willing to submit of monthly reports.
The global statistic obtained from these reports have been valuable for the
work of many energy and environmental related ministries and
organizations. To collect this information, the program must be supported
by a very efficient data base.

9- DISCUSSION AND CONCLUSIONS

1- This unique low cost project has had many significant benefits for
Egyptian industry. Companies use and pay less for energy while still
producing as much. Egyptian export the oil save and earn valuable
foreign exchange. And pollution has been dramatically reduced.

2- Improvement in combustion efficiency result in annual fuel saving of
100 73.34 TOE. (in the last progress Monthly report [Feb-1997J)

3- During the project period, 100 analyzers were distributed to 81
companies and according to the last progress report, the following
demonstration figures are highlighted in table (4).

Table (4) Demonstration Highlights

[Number of: 1
•
•
•
•
•

Distributed analyzers
Companies using analyzers
Hospital using analyzers
Companies sent results
Accumulated Months to date

100
81
3

40
58
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| Amount of: \

•
•
•
•
•

•
| Percentage of \

•
•
•
•
•
•

| Energy resources \

•
•
•

•

Annual fuel consumption
Annual fuel saving
Annual CO2 reduction
Annual CO reduction
Annual NOX reduction
Annual SOX reduction
Annual CXHX Reduction

Energy saving
CO2 reduction
CO reduction
NOx reduction
Sox reduction
CxHy reduction

Mazout
Solar
Kerosene
Bagasse
N.G
L.P.G

1970145 TOE
100873.3 TOE
288322.6 TOE

20457.2 TOE
4127 TOE

2582.54 TOE
10052.00 TOE

9.1 %
10.365%
87.407 %

8.638 %
36.336 %
52.143%

26855 TOE
1127 TOE
216 TOE

38000 TOE
130855 TOE

300 TOE

Long term viability is better being noticed from figure 3,4,5,6 Which present
accumulated saving cost, percentage average saving, accumulated pollutant
reduction and percentage of pollutant reduction respectively over the
extended period of the project

4- The combustion tube-up process has a significant effect on combustion
efficiency of boiler & furnaces . The average combustion efficiency of
boiler has been improved from 72.6% to 82.85%, while for furnaces from
66% to 76.2% and for steam turbines and diesel engines from 22% to 28.2%
. In this concern, it was found that the number of boiler that have efficiency
greater than 80% increased from 38 to 77 boilers
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5- The program includes ninety seven boilers, six furnaces, three diesel engines
and one oil heater. They consume a monthly ton oil equivalent of 197376
from different types of energy resources.

6-Using current international cost of fuel of 120 US$/TOE the simple pay
pack period for the program is about half a month.

REFERENCES

1- Improving combustion efficiency, ECEP, 1990
2- Reed, R.J., North American Combustion Handbook, North American

Manufacturing Co, USA, 1986
3- Instruction Manual, ENERAC 2000 Energy efficiency systems, Inc., New

York, USA.
4- Case study series, vol.1, No.l, Jan. 1993 Federation of Egyptian Industries,

Cairo, Egypt, issued by ECEP
5- Case study series , Vol.1, No.13, April 1996 Federation of Egyptian

Industries, Cairo, Egypt issued by ECEP ,
6- Stult, C.S, Kitto, J.B., steam / Its generation and use, the Babcack & Wilcox

Company, USA, 1992.
7- Low cost emission control and energy saving through boilers and furnaces

tuning. Prof. Dr. Ahmed Amin Abd El-Maguid 1993.
Tabbin Institute for Metallurgical Studies

8- Combustion, Irvin Glassman, New York, San Francisco, 1977.
9- Industrial burner control systems, North American Mfg.Co. Cleveland, USA

1989.
10-The impact, of combustion tube-up processes on fuel use efficiency and

pollutant emissions, Prof. Dr. Samer El-haw. Cairo university, 1995
11-Gas analyzer Monthly Report, Febraury, 1997 issued by ECEP/TMS.
12-"Boiler plant and distribution system optimization manual" Harry-R.

Taplin- USA -1991

41



! • " •

d
^

m GREATER CAIRO m ALEXANDRIA
m DELTA m UPPER EGYPT
a CANAL m SAINAI

FIG. (I) GEOGRAPHICAL DISTRIBUTION OF ANALYZERS

JDIood Hchomicals Qlexliles Denginecring Bminning Ometalurlglcal Bpclrolum Delsclric •mlltalry • hospital I

FIG. (2) INDUSTRIAL SECTOR DISTRIBUTION

42



M

12

10

s
hi

0
3 5 7 9 11 1 3 5 7 9 11 1 3 5 7 9 11 1 3 5 7 9 11 1 3 5 7 9 11 1
I 9 2 I 9 3 I 9 4 I 9 5 I 9 6 9 7 i

MONTHS -

FIG. (3) PERCENT A GE A VERA GE SA VJNG (PAS)

US $ MILLION

4 6 8 10 12 2 4 6 8 1012 2 4 6 8 1012 2 4 6 8 1012 2 4 6 8 1012 2
92 < 93 I 94 I 95 I 96 97

MONTHS

FIG. (4) ACCUMULA TED SA VlNG COST (ASC)

43



TON (THOUSAND)

3 5 7 9 11 1 3 5 7 9 11 1 3 5 7 9 11 1 3 5 7 9 11 1 3 5 7 9 11 1
I 9 2 I 9 3 I 9 4 I 9 5 I 9 6 9 7

MONTHS

FIG. (5}ACCUMULA TED POLLUTANTS REDUCTION

uu

80

60

40

20

0 jS
11l!

li.. \

II

| )I : :
4 6 8 1012 2 4 6 8 1012 2 4 6 8 1012 2 4 6 8 1012 2 4 6 8 1012 2
I 92 I 93 I 94 I 95 I 96 97l

MONTHS

SOx IIlNOx CO

FIG. (6) PERCENTAGE POLLUTANTS REDUCTION

44



HEB 99, Cairo , Egypt, October 3 - 5 ,1999
Hill

EG0100176

Burn up Calculation For Etrr_ 1 and Etrr_2 Reactors With
WIMS and ORIGEN codeas
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3 Ahmed Alzomer Street, Naser City
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For Etrr_l and Etrr_2 research reactor, the 235 U depletion is
determined with WIMS and ORIGEN codes .The two Calculated results
show good agreement with each other. The buildup of different fission
products
(important from both the safety and protection point of view) is also
calculated. The radioactivity and decay heat of the spent fuel is
determined up to 30 years.

45



Burn up Calculations For Etrr 1 and Etrr 2
Reactors With WIMS and ORIGEN codes
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Cairo , Egypt

ABSTRACT

For E t r r l and Etrr_2 research reactor , the 235U depletion is determined with WIMS and ORIGEN codes
The two calculated results show good agreement with each other. The buildup of different fission products
( important from both the safety and protection point of view ) is also calculated. The radioactivity and
decay heat of the spent fuel is determined up to 30 years.

Keywords: Burnup , Spent Fuel , Radioactivity ,Fission Product and Decat Heat

I- INTRODUCTION

The atomic densities of various isotopes in a nuclear reactor are continually changing due to nuclear
processes such as fission ,neutron capture ,and radiative decay. For example , fission events will reduce the
concentration of fissle isotopes such as 233U, M5U and 239Pu , the fission processes itself produce the fission
products which buildup inside the fuel. Furthermore certain of fission product nuclei ( or their progeny
following radioactive decay ) are characterized by extermely large absorption cross sections and hence affect
the reactivity of the core such as I35X.
Other is important from the radioprotection point of view such as l37Cs , Sr and Nobel gases [1,2J.

For E t r r l and Etrr_2 research reactors fuel depletion and burnup analysis was calculated through codes
WIMS [3] and ORIGEN [4,5]. Two inputs for each reactor was designed which burn the fuel for WIMS and
ORIGEN and also decay the spent fuel in ORIGEN. The results illustrate the burnup of 235U mass in each
fuel element as function of burn up , the build up of several fission product isotopes with burn up and the
radioactivity and decay heat of the spent fuel with the decay time.

In the following, fuel element composition and computer models is given in I I , results and their discussions
is given in III , conclusion is given in IV and references is given V

II-Fuel Element Composition and Computer Modeling :

H.A- E t r r l fuel clement:

The reactor core contain 51 fuel element (or fuel basket), the fuel element is of square dimension 6.8x6.8
cm and 0.18 cm thickness with active height 50 cm. Each fuel element contains 16 fuel rod with pitch 1.7
cm, the fuel rod diameter is 1.0 cm ( fuel material radius is 0.35 and aluminium clad thickness 0.15 cm).
The following is the composition of the fuel material (the impurities is neglected ) , more details can be
found at [6]
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MaSs(g)

U238

73.3

TJ235

8.05

Mg

13.03

0,

12.2

II.B - Etrr 2 fuel element:

The core contains 29 fuel element and 1 position devoted to Co irradiation, the fuel element is of square
dimensions 8x8 cm and active height 80 cm , the fuel element contains 19 plates each plate consists of the
fuel meat and clad , the fuel meat composed of U3 O8 dispersed in aluminium matrix , the meat thickness
is 0.07 cm and aluminium clad thickness is 0.04 cm, the following is the composition of the fuel meat [7]

Mass(g)

u 2 3 5

21.3

u 2 3 8

86.82

o2

19.42

Aluminium

44.577

II.C Etrr 1 model :

In WIMS model , a homohenized model for fuel element which consider three regions in cylinderical
geometry fuel ,clad and coolant with radius 0.35 cm ,0.5 cm and 0.85 cm respectively. Fourth region of
aluminium with thickness 0.031487 cm was added which represents conservation of aluminium at assembly
frame.
Number of energy groups is condensed from 69 groups ( in WIMS library ) to 5 groups and the fuel is
burned up to 25000 MWD/T which is the maximum discharge burnup with average power density 33.4
MW/T
In ORIGEN model the fuel elment is burned first up to 25000 MWD/T and then is allowed to cool up to

30 years (10950 days )

II.D Etrr 2 model :

In WIMS model, three regions (slabs ) is considered with thickness 0.035 cm , 0.04 cm and 0.135 cm for
fuel , clad and coolant respectively. The total volume of aluminium and water is conserved in the fuel
element , the thickness of water was increased from 0.04 to 0.0778 cm and water thickness from 0.135 cm
to 0.15697 cm.
(due to existance of another area of water and aluminium). Number of neutron energy groups is condensed
from 69 groups ( in WIMS library ) to 5 groups.the fuel is burned up to 106000 MWD/T at different time
step. In ORIGEN model the fuel is burned to 106000 MWD/T and then cooled up to 30 years. The average
power density is 369.28 MW/T ( more details for burnup calculations and ORIGEN code can be found at
8 )

HI- Results and their Discussions:

Figure 1 shows U235 mass (g) per fuel element versus burnup (MWD/T) for E t r r l research reactor. The
fresh fuel element contains 128.8 gm of U235 per fuel element, U23S decreases with burn up and the discharge
fuel element with maximum burn up 25000 MWD/T contains 80 g per fuel element, comparisons between
WIMS and ORIGEN illustrate good agreement at low burn up while the difference increase to 8 % at higher
burn up.

47



200

5000 10000 15000 20000 25000
Burn up (MWD/T)

F i g u r e 1 U 35 m a s s (g) p e r f u e l e l e m e n t
w i t h b u r n up(MWD/T) f o r E t r r _ l r e a c t o r
O WIMS c a l c u l a t i o n
A ORIGEN c a l c u l a t i o n

Figure 2 shows the fission product concentration ( g/fuel element) with bum up (MWD/T) for Etrr_l
reactor, the fission product isotopes Csl37 , Xe , Sr, I, Mo99 ,Te and Krypton is shown as function of burn
up . The results illustrate that the concentration of all isotopes increase with burn up, except Mo99 which
is approximately constant.
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Figure 2 fission product concentration
(g/ fuel element ) for Etrr_l reactor
versus Burnup (MWD/T) • Csl3 7 , A Xe , 0
SR , * I , o Mo99 , + Te
and - Kr

Figure 3 shows the radioactivity (curies ) of the discharge fuel element ( corresponds to burn up 25000
MWD/T ) for Etrr_l reactor with the decay time (days) the total radioactivity is divided into 3 components
activation product.actinides and fission product . The results show that the major contribution is due to
fission product activity. The Fission product activity coinside with the total activity
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Figure 3 radioactivity of spent fuel
(Curies) versus decay time for Etrr_l
a Activation product, A Actinidies
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Figure 4 shows the thermal power or decay heat (watt) for the maximum discharge fuel element (25000
MWD/T) for Etrr_l reactor, versus decay time or cooling time due to activation product, actinidies, fission
product and total thermal power for the fuel element (the major contribution is due fission product which
coinside with the total decay heat)
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Figure 4 thermal po.wer (watt) per fuel
element for Etrr_l versus decay time in
days •for • activation product , A
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thermal power

Figure 5 shows U235 mass(g) per fuel element versus burnup MWD/T for Etrr_2 research reactor , fresh
fuel element contains 404.8 g of U235 , U235 mass decrease as burn up increase and the discharge fuel element
irradiated up to 106000 MWD/T. The maximum discharge burnt fuel contains 144 g U235 per fuel element
, also comparison between WIMS and ORIGEN calculation show good agreement at higher burn up with
difference 6 % between ORIGEN AND WIMS calculation.
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. Figure 6 shows the radioactivity (curies) of the discharge fuel element (corresponds to 106000 MWD/T
) for Etrr_2 reactor with decay time , the same like Figure 4 the total activity is divided to 3 components
activation product , actinides and fission product and the major contribution to total activity is due to the
activity of fission products.
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Figure 6 shows radioactivity ( curies )
versus decay time (days) for Etrr_2
reactor,Q activation product,
A actinidies , 0 fission product , and *
total activity

Figure 7 shows concentration of fission product for Etrr_2 (g/fuel element) witburnup ( MWD/T) up to
106000 MWD/T which is the discharge fuel element. The isotopes Csl37 , Xe , Sr,I , Mo99, Te, and
Krypton illustrate that the concentration increases with burn up, except Mo99 whic is approximately constant
(the same case as Etrr_l reactor )
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Figure 7 fission product concentration
(g/fuel element) versus burnup (MWD/T) for
Etrr_2 reactor , Q Csl37 , A Xe ,
0 SR, * I , o Mo99, + Te
and - Kr :

Figure 8 shows thermal power for Etrr_2 (watt) per fuel element for the discharge fuel element (106000
MWD/T) versus decay time or cooling time for activation product , actinides , fission product and total
thermal power
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Figure 8 thermal power (watt) / fuel
element for Etrr_2 reactor versus decay
time (days) 0 activation product ,
A actinides , 0 fission product and *
total thermal power

CONCLUSION

- The depletion of U235 for Etrr_l and Etrr_2 reactor is calculated as a function of Burnup with WIMS and
ORIGEN codes . The two codes show good agreement.

- The fission product buildup is determined for E t r r l and Etrr_2 with burnup , the results show that fission
product concentration increase with burn up.

- The major radioactivity of the spent fuel element is due to fission product activity.

- Etrr_l reactor the spent fuel activity after 30 years =2*102 curier, for the same time with respect to
Etrr_2 ,the spent fuel activity is 1325 curies.
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Optimum Thermal Design of Steam Pipelines and its
Impact on Environment Pollution

A.M. Abdallah and Aly Krameldin
Atomic Energy Authority - Nuclear Research

The majority portion of electric power generated production allover the
world- produced by conventional and nuclear fuels is produced by steam.
Moreover, steam is used extensively in electronic, food Seawater
desalination , and many other industries. In the last fifty years, little
improvements have been made on the thermal efficiency of steam boilers.
The major developments have been earned out in the direction of
maintaining this efficiency on - low-grade fuel and reducing labor and
maintenance charges. Because the annual cost of fuel (nuclear and-non-
nuclear ) is often greater than the combined cost of other expenses in
steam power plants, greater amount of money can be saved. Designing
steam pipelines in such a way that minimizing the total annual cost of
pipes can do this. This can be done by optimal design of the total annual
cost of the pipe lines, which includes the cost of insulation material, the
cost of burned fuel plus the cost of maintenance. To deal with such
situation, a case study of a superheated main steam pipeline at Shobrah
Elkhema power plant is investigated. A general simplified working
formula for calculating the heat transfer coefficient round a tube has been
correlated and verified to facilitate the development for of the heat
transfer mathematical model together with the steam pipeline total cost
algorithm. The total cost algorithm has been optimized and solved by a
digital computer program derived specially for this study. Accordingly,
the obtained results are presented in a graphical form and analyzed. The
results revealed that the optimal steam pipeline insulation must be
chosen carefully. The insulation thickness of 5.225 up to 0.235m, covers
the operating time of 10- 20 years, and 590 Kg/m respectively.
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Abstract

The majority portion of electric power generated production allover the world -

produced by conventional and nuclear fuels is produced by steam. Moreover, steam is used

extensively in electronic, food, seawater desalination, and many other industries. In the last

fifty years, little improvements have been made on the thermal efficiency of steam boilers.

The major developments have been carried out in the direction of maintaining this efficiency

on low-grade fuel and reducing labor and maintenance charges. Because the annual cost of

fuel (nuclear and non-nuclear) is often greater than the combined cost of other expenses in

steam power plants, greater amount of money can be saved. Designing steam pipelines in

such a way that minimizing the total annual cost of pipes can do this. This can be done by

optimal design of the total annual cost of the pipe lines, which includes the cost of insulation

material, the cost of burned fuel plus the cost of maintenance. To deal with such situation, a

case study of a superheated main steam pipeline at Shobrah Elkhema power plant is

investigated. A general simplified working formula for calculating the heat transfer

coefficient round a tube has been correlated and verified to facilitate the development for of

the heat transfer mathematical model together with the steam pipeline total cost algorithm.

The total cost algorithm has been optimized and solved by a digital computer program derived

specially for this study. Accordingly, the obtained results are presented in a graphical form

and analyzed. The results revealed that the optimal steam pipeline insulation must be chosen

carefully. The insulation thickness of 0.225 up to 0.235 m, covers the operating time of 10-20

years, and fuel price of 0.125 up to more than 0.2 $/Kg. The calculated optimized insulation

thickness minimizes the emission of sulfur dioxide, nitrogen oxide and carbon dioxide from

375, 75 and 26,778 Kg/m/y to less than 7, 1.7 and 590 Kg/m .y respectively.

Introduction

The majority portion of electric power generated by conventional and nuclear fuels is

produced, al lover the world, by steam. Also steam is used extensively in many chemical

petroleum, food, water desalination and many other industries. For the last fifty years, little
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improvements have been made in the thermal efficiency of steam boilers. The major

developments have been carried out in the direction ofmaintaining this efficiency on low-

grade fuel and reducing labor and maintenance charges. The annual cost of fuel (nuclear and

non-nuclear) is often greater than combined cost of other expenses of steam power plants. So,

great amount of money can be saved by designing steam pipelines in such a way that total

annual cost of pipes, viz., cost of insulation material, cost of burned fuel and cost of

maintenance is a minimum value. So, insulation is used for one or more of the following

reasons: to conserve heat, maintain desired temperature conditions, retard changes in

temperature, prevent inside steam condensation, provide fire protection, and provide safety

from burn hazards. It is therefore essential that the system perform as designed. Thus the

performance properties, and especially the factors that affect them, is an important

consideration to economic installation, lifetime, and thermal efficiency and environment

pollution by products of combustion gases.

The variety of insulation types and forms have properties that vary over significance

ranges, and thus the uses of a material can also vary widely. The selection of insulation is

determined by considering a number of properties-related factors. The cost of insulation

material constitutes a large portion of the total cost especially for large-diameter high

temperature steam pipelines, where the insulation material price increases with its thickness.

Selecting the suitable type of insulation is also an important problem of energy conservation.

The final selection of the most suitable insulation is based on the available information with

regard to the properties relevant to the requirements. Generally, the major parameters that

determine the choice of the insulation are material cost, thermal properties, mechanical

properties, installation and cost, and lifetime.

The problem of thermal performance and cost evaluation of insulation has been

studied extensively by many investigators [1-4] for purpose of optimizing the insulation

material thickness from hot surfaces as one of the methods adopted for energy conservation.

The problem is vital when the working fluids have high temperatures and the fluid-

transmitting pipelines have long span and large bores where the heat lost is too much.

In the present study an economic balance is made between the capital charges on

pipeline insulation material which increases with the insulation thickness and between the

monetary loss of fuel in the form of heat loss which proportional inversely to the insulation

thickness and directly its thermal conductivity.
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Problem formulation

In this section, the problem of steam pipelines out from a super-heater, carrying high

superheated steam and terminated with the high-pressure turbine is studied. In this situation,

the steam degree of superheat is of prime importance. So, a steam degree of superheat

degradation is associated with any heat lost from the steam pipelines, which results in

increase in the fuel consumption. In this regard the heat losses through the insulation of the

steam pipelines can be reduced by proper insulation selection. However, as the insulation

thickness increases, the capital cost increases as well. Therefore, an optimization process must

be made for calculating the optimum insulation thickness, at which the algebraic sum of

insulation material cost and heat lost, e.g. fuel consumption cost is a minimum value. For this

purpose, a computer program (e.g. Algorithm) has been constructed specially for carrying out

the required calculations.

Steam pipelines thermal calculations

The heat lost per unit pipe length, QL, is the heat transfer through theinside steam

boundary layer (forced convection) pipe wall, insulation, and jacketing conduction, and

external air boundary layer convection-radiation. The heat flow through the pipe per unit

length neglecting the jacketing conduction can be described by the following equations (see

Fig.l):

QL=n{d-2xp)h,{T,-TM) (1)

QL=kpn{d-xp)(T2-Ti)/xp (2)

QL=kins7t{d + XiJ{T3-T2)lxins * (3)

QL = n{d + 2xtJ[ho(TA -r3) + crfc,7? - a^)] (4)

where:

TM, TI , T2 , T3 , and TA are the temperatures of flowing steam, inner and outer pipe wall,

outer insulation, and ambient respectively.

(d - 2xp), (d - xp), d, (d + Xjns) and (d + 2xjns) are the inner, mean and outer pipe diameters,

and insulation mean and outer diameters.

xp and Xjns are the pipe and insulation thickness.

kp and kins are the thermal conductivity coefficients of pipe material and insulation.

hi and ho are the inner and outer heat transfer coefficients.

For calcium silicate insulator [1 j :
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klm= 0.000000051037/2 +0.000012251 + 0.0432 (5)

where T is the average insulator temperature, 250 < T < 1000°K.

The internal heat transfer coefficient hi can be determined by Dittus-Boelter equation as:

Nu = 0.023- Re0 8-Pr^ (6)

so, *, = 0.023 • (P-«-V-2^r . (VZ ) J
k

(
d-2xp

or

For the properties of superheated steam [5], Ci for can be correlated to be:

C, = 2.03463£ + 7-120296*Tfi + 284.368• T} -0.335643• 7/j

+1.9773 5£ - 4 • 7/j + 4.65043£ - 8 • 7/j

where Tfi = (TM + T i ) / 2 and 660 > Tfl > 970 °K

When investigating the heat transfer coefficient of the outer jacketing, the air velocity,

tube diameter, and the mean film temperature determine the heat transfer mode. For Gr/Re2

» 1, the dominant heat transfer is by natural convection, and when Gr/Re2 « 1, the

. dominant heat transfer is by forced convection. For air velocity ranged between 2 to 7 m/s,

insulated or bare pipe diameter ranged between 0.2 to 0.7m, and tube outer mean film

temperature ranged between 300 to 350 °K, Gr/Re2 ratio have been calculated to be ranged

between 0.031 to 0.327. So, the heat transfer mode can be considered as forced convection

[6]. The yearly averaged air velocity in different sites of Egypt ranges between 1.94 to 7.76

m/s and in Cairo 3.72 m/s at a height of 10 m [7]. In the present study the average air velocity

is taken as 4 m/s.

The heat transfer coefficient can be determined from Churchill and Bernstien's

correlation [6] as:

\ = _J«_p,,3 + °62Repf, • (i+(-gg-yS?] (.o)rf + 2* M 2 8 2 0 ° °
In the present work the heat transfer coefficient ho has been correlated for the above

mentioned operating ranges of v, d, and T, with an accuracy of-0.9 and+1.1 W/m2.°K as

follows:



ho = 10.225 - 0.002374 • Tfo + 2.277 • v +11.406 • (d + 2xins) (11)

where Tfo is the outer mean film temperature, Tfo = (T3 + Ta) / 2, and 300 > Tfo >350 °K.

v is the ambient air velocity, 2 < v < 7 m/s.

d+2xins ,m is the insulated or bare pipe outer diameter, 0.2 <d+2xins< 0.7 .

Figs, (la, 1b, and lc) illustrate the effect of air velocity, total tube diameter, and mean tube

film temperature on the heat transfer coefficient. It is clearly noticed that as the air velocity

increases, the heat transfer coefficient increases, while decreases with the increase of the pipe

diameter. It has also a very week dependence on the mean film temperature.

The above mentioned correlation is a simplified working formula which facilitates the

solution of such problems.

Total pipeline cost algorithm

The pipeline cost algorithm can be determined by superimposing the total fuel expense

allover the insulation lifetime and the insulation cost. The fuel cost CF can be determined as

follows:

CF=-^ — (12)
1]*CV

where CfUei
 = the fuel cost $/Kg

N = the number of years of operation

t = the yearly operating time seconds

r| =the fuel burning efficiency

cv =the fuel calorific value

For calculation simplicity, the price of calcium silicate with aluminum jacketing insulation

can be taken as a first-degree correlation in insulation thickness (correlated from the data

tabulated in [1]) as:

C, =17.6033 + 1132.58 *xins (13)

where d is the insulation cost $/m

Xu,s is the insulation thickness

Therefore, the total pipeline cost algorithm, CT, can be formulated as:

t i 1 1 3 2 . 5 8 » J c t e (14)
TJ*CV
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Total pipeline cost algorithm solution

The total pipeline cost algorithm contains three parameters. These parameters are the

insulation thickness, the fuel price Cfuei, and the»operating time in years N. Meanwhile, each

case, heat losses QL should be determined. The determination of QL can be carried out

through the solution of heat transfer governing equations, which are Equations (1) to (4).

These equations contain six unknowns, namely Ti, T2, T3, QL, hi, and ho for each parameter

(x;ns, CF, and d ) . The last two unknowns hi and ho are fluid parameters which can be

correlated to temperature functions in Tn(or Ti), and TfO(or T3 ) respectively, as correlated in

Equations (6) to (11). Actually a set of transcendental equations should be solved for the heat

losses QL at the different operating parameters. So, a computer program has been constructed

to solve this problem. The flow chart of this program is illustrated in Fig. (2). Fig. (2) is the

flowchart of the total cost algorithm solution.

Case s tudy

The after mentioned relations have been applied to the main steam pipe in Shoubrah

Elkheima power plant [8]. This pipe traisports steam from the steam generator super-heater

outlet header to the high-pressure turbine. The plant data is:

Design pressure 186.3 bar.

Design temperature 819 °K.

Maximum steam velocity 48.45 m/s.

Steam mass flow rate 270 Kg/s.

Main steams pipe diameter (inner) 0.3556 m.

Main steams pipe height " 10-20 m.

External pipe surface is lagged with calcium silicate shells with exterior finishing is

accomplished by 5/10 gauge aluminum. The external wall surface temperatures does not

exceed 60 °C.

The rest of data are calculated and assumed to be as follows:

Operating time in surrounding as in summer 5000 hr.

Operating time in surrounding as in winter 3000 hr.

Summer average airs temperature 303 °K.

Winter average airs temperature 283 °K.

Yearly average airs temperature 295.5 °K.

Mean steam temperatures in pipe 813 °K.
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Fig.(2) Flowchart of total cost

Algorithm solution.

ho=> eqn 11
QL=> eqn 4

Tir> eqn 2
T2 => eqn 3
hi=> eqn 8
Qi => eqn 1

Print

T1.T2.T3, hi, h0.QL.A2

For
cFllei=0.1 To 0.2 Step 0.025

For
N=5 To 25 Step 2.5 «—•- - :

Print
N, Cfuel, CF, CI, CT

NextN

Next Cfuel

NextXi,
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Average air velocity 4 m/s.

Pipe outer diameter 0.46 m.

Pipe wall thickness 0.052 m.

Pipe material thermal conductivity 34.2 W/m. °K.

Insulation material thermal conductivity 0.067 W/m. °K.

Jacketing emissivity 0.216

Jacketing absorptivity 0.09

Oil fuel calorific value 41 MJ/Kg.

Burning efficiency 85 %.

Basic fuel price 0.15 $/Kg.

Operating years 20 y.

Thermal plant efficiency 33.33 %

Applying these data and substituting into the above mentioned equations and solving

for T3) QL, Tt and T2, for different parameters, and correlating the heat losses QL as a function

in the insulation thickness results in:

OL = 104.764 •x£mm W/m (15)

where 0.4 >xins > 0.013 m.

Substituting for QL in Equation (14) using the above mentioned data, one can get the

following equation:

CT = 17.6033 + 1132.58• x;m + 86.576849• x£mm •N*cfuel (16)

Differentiating the total fuel cost with respect to insulation thickness, one can get the first and

second derivatives as:

- = 1132.52-65.919526• x ' m m *N»c,, (17)

.111. C • ^ • c , ( > 0 , (18)
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From Equation (18), one can note that the total cost has a minimum value which can be

determined by equating the first total cost derivative in Equation (17) to zero to get the

optimized insulation thickness as:

ZZL = 0 => xin's = (0.0582061 • N • c r )05677305

dx..
0 => xin's = (0.0582061 • N • c r .)05677305 (19)

Environmental aspects

From the former sections, the relationship between the heat loss as a function of

insulation thickness of the pipeline has been determined by Equation (15). As the pipeline

insulation thickness increases, the heat lost per unit surface area decreases and/or the energy

preserved increases. In other words the associated exhaust gases of the burnable fuel

decreased. These exhaust gases are the mains responsible for the local and global

environmental degradation. The exhaust gases comprise sulfur dioxide, nitrogen oxides, and

carbon dioxide, which are the main environment pollutants, in which sulfur dioxide

contributes the acid rain, nitrogen oxides contribute smog, and carbon dioxide contributes

global worming. In this regard, it is of considerable importance to mention that the

environmental pollution and economic damage caused by conventional power plants are

much greater than that caused by nuclear power plants. Based on the data of Gonyeau [9],

pipeline heat losses per unit length at different pipeline insulation thickness has been

calculated and illustrated in Fig (3). Fig (3a), (3b), and (3c) illustrate the effect of insulation

thickness on the sulfur dioxide, nitrogen oxide, and carbon dioxide respectively.

As shown in these figures the concerned gas concentrations are dramatically decreased as the

pipeline insulation thickness increased up to value of about 20 mm, then slightly decreased

with a diminished rate. This result is applicable for all fuel types.

Results and discussion

In the present case study, the cost of insulation material constitutes a large portion of

the total cost especially for large-diameter high temperature steam pipelines, where the

insulation material price increases with its thickness.

Fig. (4) illustrates the effect of insulation thickness of pipeline on the total operating

cost of pipeline at the fuel price of 0.125 $/Kg.
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Fig.(4a) illustrates the effect of insulation thickness of pipeline for different operating times

on the total cost per unit length. While Fig.(4b) depicts the optimal insulation thickness of the

pipeline for different operating times. It is obviously noted that the total cost decreases

dramatically with the increase of the insulation thickness down to a minimal value afterwards

it slightly increases with further increase of the insulation thickness. This may be attributed to

the increase in insulation thickness, which in turn increases the saving in energy losses

through the pipe boundary, where a further increase in thickness does not increase the saved

energy appreciably, meanwhile there is an increase in the insulation cost. Also the total cost

increases as the operating times increase. This relation is valid allover the operating times

which ranged from 5 up to 20 years. Consequently the optimal insulation thickness increases

with the increase of the operating time. The relation of the operating time effect on the total

cost has been studied at a certain fuel price. So, the effect of fuel price and insulation

thickness of pipeline on the total cost unit length is studied.

Fig. (5) illustrate the effect of pipeline insulation thickness at different fuel prices on

the total cost per unite length, and its minimum values with the fuel price, at a period of

operation, of 10 years. As shown in Fig. (5a) the total cost decreases dramatically as the

pipeline insulation thickness increases, until a minimal value. Beyond this value, the total cost

increases again. This may be attributed to the increase of the insulation cost, which is greater

than the saving in the energy cost by the increased insulation. Fig. (5b) depicts the

relationship between the optimal insulation thickness and fuel price. It can be seen that as the

fuel price increases, the optimal pipeline insulation thickness increases for all fuel prices.

From Figs.(4a) and (5a) it can be shown that the pipeline optimal insulation thickness ranged

between 0.225 up to 0.325 m, which covers the operating time of 10 to 20 years, and fuel

price of 0.125 up to more than 0.2 $/Kg. Meanwhile, it confirms the proposal of low

environmental pollution requirements as illustrated in Fig. (3).

The important conclusion, which can be deduced, is that optimal insulation thickness

depends strongly on the expected lifetime of the pipeline insulation material. Accordingly it is

recommended to estimate priory the virtual lifetime of the pipeline insulation and calculate

the corresponding optimal insulation thickness which produces minimal cost, otherwise

additional cost is deserved. For example, if the virtual lifetime, corresponding to an optimal

thickness, were 10 years, the total cost will increase due to the increased heat lost and the

deterioration of the insulation characteristics. So, it can be concluded and recommended the

following:
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1- \wnen the calculated minimum value of the insulation thickness lies between two standard

insulated thickness, it is recommended to chose the larger value and not the smaller for two

arguments:

-The larger thickness produces total cost less than that produced when choosing the

smaller thickness because the cost gradient before the optimum value is too steeper than that

after the optimal one.

-Since the increased thermal conductivity due to humidity, thermal and mechanical

characteristics of the insulation material is generally apt to deterioration with time of

operation. Moreover, due to environmental changes, the insulation of a larger thickness is

capable to compensate for some extent the expected insulation deterioration. Meanwhile, it

decreases the heat lost and the burned fuel as well, and consequently the environment

pollutants decrease.

2- the insulation material must be chosen and maintained periodically and carefully.

3-lthe insulation thickness has a characterized effect on the atmosphere pollution and an

important impact on the environment.

Nomenclature
c,
Cfue!

CF

Cp

CT.

cv

d

Gr

h

k

Nu

Pr

QL

Re

constant in Equation (8)

fuel cost, $/Kg

fixed cost, $

initial cost, $

specific heat, J/Kg. °K

total cost, $

fuel calorific value, J/Kg

outer pipe diameter, m

Grashoff number

heat transfer coefficient, W/m2. °K

thermal conductivity, W/m. °K

Nusselt number

Prandtl number

heat loss, W

Reynold number

72



T

t

u

V

Greek

a

e

n

p

a

Temperature, °K

time, s

steam velocity, m/s

air velocity, m/s

insulation thickness, m

jacket absorptivity

jacket emissivity

burning efficiency

dynamic viscosity, Kg/m.s

density, Kg/m3

Stefan-Boltzmann constant, W/m 2.° K4

subscripts

1

2

3

A

fi

fo

I

Ins

M

0

P

s

inner pipe wall

outer pipe wall

outer insulation surface

air

inner film

outer film

inner, initial

insulation

mean

outer

pipe

steam
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HEATX :- A Computer Program for Rating and
Designing Shell and Tube Heat Exchangers.

Ahmed M Elhabrush
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P.O. Box 30878 , Tripoli-Libya

A computer program was developed to be used as a quick tool for rating
shell and tube heat exchangers or searching for their optimum design. It
employs empirical relations for temperature differences across heat
transfer layers; the tube and shell fluids, the tube wall and the scale
layers. The optimum design is achieved when the sum of the temperature
differences approaches the logarithmic mean temperature difference
provided that the user's prescribed pressure drop limits are satisfied. To
accomplish this task, an iteration scheme was utilized.

Sample problems of heat exchanger designs in which the shell fluid
flows parallel to the tubes were cross checked using a coarse mesh
computer code TRANSG [3]. Also a shell and tube heat exchanger with
cross flow is rated. The results showed minor differences considering the
purpose for which this method is intended.
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HEATX: A COMPUTER PROGRAM FOR RATING AND

DESIGNING SHELL AND TUBE HEAT EXCHANGERS .

Ahmed M. Elhabrush

TNRC

P.O. Box 30878 , Tripoli-Libya

ABSTRACT

A computer program was developed to be used as a quick tool for rating shell and

tube heat exchangers or searching for their optimum design. It employs empirical

relations for temperature differences across heat transfer layers; the tube and shell

fluids, the tube wall and the scale layers. The optimum design is achieved when the

sum of the temperature differences approaches the logarithmic mean temperature

difference provided that the user's prescribed pressure drop limits are satisfied. To

accomplish this task, an iteration scheme was utilized.

Sample problems of heat exchanger designs in which the shell fluid flows parallel to

the tubes were cross checked using a coarse mesh computer code TRANSG [3]. Also

a shell and tube heat exchanger with cross flow is rated. The results showed minor

differences considering the purpose for which this method is intended.
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Introduction: '>•

Designing a heat exchanger requires detailed thermalhydraulic calculations. For

preliminary designs, simple methods may be used to predict the heat exchanger

configuration capable of removing the specified heat without exceeding the imposed

limits on the size, heat sink, pressure drop, etc. A quick method to rate and design

heat exchangers based on the sum of the products SOP [4] was adopted in developing

tliis program. In this method, the heat exchanger is considered to be composed of

four heat transfer layers namely, the tube fluid, the tube wall, the scale and the shell

fluid layers as shown in Fig. 1. The optimum design is obtained when the calculated

V$op value, which is the sum of the ratios of the temperature gradient across each

layer to the logarithmic mean temperature difference, approaches unity while satisfying

the prescribed pressure drop limits. This condition is achieved by either varying the

tube length to increase the heat transfer area or increasing the heat transfer coefficient

by varying the baffle spacing according to the iterative scheme shown in Fig.2 .

The heat transfer through a film is expressed by the general convective heat equation:

q =hAAT (1)

Applying Eq.(l) to the four heat transfer layers shown in Fig.l assuming constant

heat transfer areas, the steady state condition implies

q = h(AATt =hwAATw = hfAATf = hsAATs (2)

However, the heat transfer in heat exchangersis usually expressed in terms of the

overall heat transfer coefficient U and the logarithmic mean temperature difference

ATm as

q = UAATm (3)

Where

+l(h5 ) (4)
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Combining Eq. (2) and (3) , we get

= ATt / ATm + ATW I ATm + ATf I ATm + ATS I ATm - 1 (5)

The main objective of this program is determining the heat exchanger configuration

such as the number of tubes , tubes length , and baffles spacing for which the V^op

and the fluids pressure drops are within the user's prescribed limits . Empirical

correlation for each term in the RHS of Eq. (5) for different flow conditions are given

in reference(4).

Calculation Procedures:-

After reading the input data, thermalhydraulic parameters such as the fluid thermal

properties, heat transfer surface area, hydraulic diameters, number of tubes, shell

diameter are calculated. The subroutines SOPT, SOPW, SOPF, and SOPS are then

called to calculate the terms ATt I ATm, ATW I ATm, ATf I ATm, and ATS / ATm

respectively which are used in determining the Vgftp value. The pressure drops are

calculated in the SOPT and SOPS subroutines.

If the calculation task is rating the heat exchanger (IC=1), the results are printed

and the task is terminated. If the task is designing a heat exchanger, an iterative

procedure is implemented to satisfy the limits on the pressure drops and Vggp. The

pressure drop is firstly satisfied by adjusting the number of tubes in the case of parallel

flow. In the case of cross flow, the baffle spacing or both the baffle spacing and the

number of tubes are adjusted depending on the option used. Once the pressure drops

limits are satisfied, the V$op value is checked for convergence. If the V$QP is not within

the limits, different methods are used to seek such convergence as described below.
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Tig.!- Heoi "transfer layers

READ

Calc.
V, A,

y
DATA |

f luid prop.,
TN, Q,ATn

C a l c . D , B , G , Dh

TNT , V

CALL SOPr

Fig.E- HEAT EXCHANGER CALC.,FLOW CHART
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I: For Parallel Flow (1=1):

Since the pressure drop is proportional to the square of the fluid velocity which is

proportional to the number of tubes, therefore the number of tubes that satisfies the

pressure drop limit is calculated by

TNl+l = 73V, (APt I APm a x)0 5 AP, > AP, ( 6 )

= TN, (AP, / AP r a a x)a 5 AP( <6PS (7

After satisfying the pressure drop limits, the Vgjp is checked for convergence. If it

is not within the limits, the tubes length is adjusted using the following equation:

- V
SOP

In case the tube length limit Lmax is exceeded, the number of tubes is adjusted as

given by Eqs. (6 and 7) and the iteration is continued till convergence is achieved .

II: For Cross Flow (1=2 )

In this case, two options are available to seek the convergence of both the pressure

drop and Vg

First option

The pressure drop is satisfied by changing the number of tubes as in the parallel flow

case. Consequently, this leads to changing the shell diameter. Since cross flow can be

assumed if the baffle spacing is less than the shell diameter, the baffle spacing is

calculated based on the user's choice to assure the adequacy of using cross flow

correlation as follows,

Bi+l=c{D ( 9 )
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After satisfying the pressure drop limits and the V$op is found to be beyond the limit,

the tubes length or the number of tubes is adjusted as in the parallel flow case.

Second option IB=2

In this option the tubes length is kept Constant, and the baffle spacing is calculated as

follows,

(10)

If the pressure drop limit is satisfied while the V^gp convergence is not achieved, the

number of tubes is adjusted as follows

vS0P. >i.o

vS0P <i.o (12)

If a situation in which two consecutive calculations give one value of V$Qp greater

than one and an other less than one, the Secant method is used to predict TNlJr\ . It

may happen that the pressure drops in both the tubes and the shell reach the maximum

allowed pressure drop while the Vggp is not within the limits. In such case, an error

message telling the user to modify either the tube length or the pressure drop limit is

printed and the task is terminated.

Sample Problem:-

To check the validity of the method, heat exchanger designs of different conditions

were analyzed and only three cases will be presented.

Case-1:

A U-Tube heat exchanger having the parameters shown in Table 1.1 with the

secondary fluid flowing parallel to the tubes is to be designed for three values of



pressure drop limits. The results of HEATX calculation for the parameters L,TN and D

are shown in Table 1.2.

TRANSG code in which the heat exchanger is divided into cells and detailed

thermalhydraulic calculation can be performed was used to check the accuracy of the

HEATX calculations. As shown in the fifth column of Table 1.2, It was found that the

shell length that should be used as an input to TRANSG code for the three cases so

that the outlet temperatures converge to those indicated in Table 1.1 were less than

those predicted by HEATX

Table 1.1 - Heat Exchanger Parameters

Tin, C
Tout, C
flow rate, m3/hr
Fluid

Tube wall k, w/m.c
Tube ID, mm
Tube OD, mm

Tube
100
80

469.86

Shell
60
80

465.72
Compressed liquid HjO

15.58
15.4
19.05

Case-2:

Tablel .2- HEATX Calculated Parameters

AP, bar

0.158

-'• 0.340

0.680

HEATX Calculation

SL(m)

5.369

6.266

7.264

TN

563

384

280

D(m)

0.905

0.761

0.626

TRANSG

SL(m)

5.181

6.096

7.254

{hSLISL)%

3.5

2.71

.14

In order to check the accuracy of the SOP method in the case of a cross flow, a u-

tube heat exchanger at TNRC [1,5] with the operating conditions given in Table

2.1 was rated and the calculated V$OP an^ ' t s components using HEATX are

shown in Table .2.2
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Table 2.1-Heat Exchanger Operating Data

Inlet temp. , C
Outlet temp., C
Flow rate m3 /h

Tube side
30.17
34.86
460.3

Shell side
40.11
35.46
464.4

Table 2.2:- HEATX Calculated SOP Values
(for Case 2 )

&r,i&rm

0.4568

ATs/ATm

0.3153

ArM,/A7;,
0.1804

A7>/A7m

0.0000

VSOP
0.9525

Case-3;

A u-tube heat exchanger with cross-flow is to be designed . The design parameters

are shown in Table 3.1.

• • » .

Table3.1 - Heat Exchanger Design
( cross-Flow )

Tin,C
Tout, C
flow rate, mVhr
Fluid

Tube wall k, w/m.c
Tube ID, mm
Tube OD, mm
APma^bar

-̂ max > m

Baffle cut

c2

Tube
75
55

600 ,

Parameters

Shell
35
55

compressed liquid HiO

15.58
16
20

0.340

4
20%
0.8

0.9

The HEATX results for the two options used in the cross flow case are shown in
Table3.2.

Table 3.2- HEATX Out-put for Case3
IB

1
2

SL

(m)
4.35
4.00

D(m)

0.925
0.981

B(m)

0.740
0.706

TN

531
601

AP,,bar

0.13
0.101

Aft,bar

0.34
0.34
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Conclusion :-

Different heat exchangers with parallel flow were designed and rated using HEATX

program and the calculations were cross checked using TRANSG code to confirm

their adequacy in removing the heat for which they were designed. It was found that

the tubes length calculated by HEATX program was about 4% greater than what is

needed to achieve steady state conditions using TRANSG code for heat exchangers

having equal fluid outlet temperature. The discrepancy increases as the difference

between the outlet fluid temperatures increases. In the case of cross flow, it is evident

that the SOP method overestimates the heat exchanger capability slightly giving a value

of 0.9525 instead of one as shown in case 2. As far as the options in calculating the

baffle spacing is concerned, the first option (IB=1) assures the validity of using cross

flow correlation by selecting the appropriate constant Cj while the second option

(IB=2) may lead to a baffle spacing greater than the shell diameter.

Considering its simplicity, this method is adequate in performing parametric studies

to select the most appropriate heat exchanger design for further analysis using more

sophisticated techniques.

NOMENCLATURE:-

A
B
C
D
h
I
IB
L
q
SL
TN
w
s
AP
AT

heat transfer area
baffle spacing
constant
shell diameter
heat transfer coefficient
flow index
baffle spacing calculation index
tubelength
heat transferred
shell length
number of tubes per pass
tube wall

error criterion
pressure drop
temperature drop

•f

i
P
s

subscripts

fouling

iteration index
pressure
shell fluid

tube fluid
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The duration, intensity and wavelengths of light to which vertebrates and
invertebrates are exposed vary widely over a 24-hour period as well as
throughout the year. Species, by means of their behavioral patterns,
differentially control in part the photoperiodic environment to which they
are exposed. It is essential that mammals, probably including humans,
adjust their physiology with changes in the makeup of the photoperiod.
Numerous body functions undergo variations recurring at about 24-hour
intervals in the presence or absence of known environmental changes
with similar periods. This applies to continuos but rhythmic phenomena,
with a peak and trough repeating itself every 24-hours, as well as to
discrete events occurring about once a day. The time intervals separating
these consecutive periodic events are similar but often not identical. Such
periods are called circadian. Rhythms have been reported in cell growth,
hormonal levels, and so on. Rhythms are generally resistant to a variety
of chemical substances including stimulants and depressants.
Photoperiodism and circadian rhythms, in relation to the hazardous
effects of environmental pollutants, as pesticides; which may directly or
indirectly affect or alter physiological processes in living things, are
summarized
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1.Introduction
Many species utilize environmental lighting cues to synchronize

homeostatic mechanisms which best maximize survival of the individual
and the species (Vaughan et al., 1985). Alternation of light and darkness as
a result of the earth's rotation has an obvious periodicity. In humans, there is
an obvious light-sensitive receptor, the eye. Nervous connections have been
demonstrated between the eye and the pineal gland which is a
neuroendocrine transducer, transferring information from environmental
light to the pineal gland via a neural pathway and this information is
converted to an endocrine signal (melatonin) by the gland (Ebadi, 1984).
The importance of the pineal gland began with different studies that showed
the effects of concentrations of environmental light and some physiological
functions and the pineal gland (Quay 1963; Relkin, 1972 and Vriend, 1983).

The pineal cyclically produces several chemical substances
including norepinephrine (NE), serotonin (5HT), histamine, and melatonin
(McClinitic, 1978). One or more of these substances may affect a part of the
brain or the pituitary, producing cyclical alteration of body function.

2. Photoperiod and Generation of the Pineal Melatonin Rhythm
Circadian rhythms have been reported to have impacts on cell

growth, mitosis, hormonal levels, body temperature, central nervous system
functions and other biological activities (Calabrease, 1978). The pineal
gland is a haven for chronobiological investigation. Virtually any parameter
one measures in the gland over 24-hour period exhibits a rhythm. Whereas
many of these rhythms may be mutually dependent, others seem to be
unrelated to other 24-hours fluctuations in the pineal (Reiter, 1988). The
stimulus', which signals the nighttime rise in melatonin, seems to originate in
the SCN of the hypothalamus (Moore & Klin, 1974).
Perhaps the most thoroughly investigated of the pineal rhythms are those
relating to the synthesis of melatonin (Arendt, 1985 and Reiter, 1986). The
postganglionic sympathetic neurons in the superior cervical ganglia are
essential for many of the rhythms that can be measured in the pineal gland.
During the day, action potentials in the sympathetic nerve terminals in the
pineal gland are minimal; with the onset of darkness this activity increases
with a subsequent rise in the synthesis and release of the neurotransmitter,
NE (Groos & Meijer, 1985).

3. Modification of Pineal Melatonin Circadian Rhythm by Pesticides
Circadian rhythms in pineal indole metabolism, especially 5-HT,

NAS, and melatonin, are regulated primarily by the activity of the enzyme
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NAT (Binkely, 1981; Ebadi, 1984 and Quay, 1964). Previously, lindane,
parathion and carbaryl were found to stimulate rat pineal NAT activity
above those in the control animals, thereby causing enhanced pineal and
serum melatonin levels (Attia et al., 1990, 1991a,b) .Low daytime levels of
pineal NAT activity were unaffected by treatment of rats with a sublethal
doses of carbaryl. On the otherhand, the marked rise in the nocturnal
activity of the N-acetylating enzyme seen in control rats was significantly
augmented in animals given carbaryl (fig. 1)(Attia et al.,1990); thus, at 0100
the carbaryl-treated animals had statistically higher (p<0.001) pineal NAT
activity compared to that in pineals of control rats. Pineal HIOMT values in
the control rats were similar at both 2000 and 2300 but at 0100 the carbaryl-
treated animals had statistically higher (p<0.01) pineal HIOMT activity
compared to that in pineals of control rats at the same time (fig. 1 )(Attia et
al., 1990).

Although pineal levels of melatonin tended to be higher in the
carbaryl-treated rats at night, the increases were not statistically significant
(fig.2)(Attia et al., 1990). As with NAT activity, carbaryl treatment
stimulated nocturnal levels of serum melatonin (fig.2)( Attia et al., 1990);
hence, at 2300 the serum melatonin levels were higher (p<0.001) than in the
control rats. Serum melatonin. levels did not differ at 0100 (Attia et al,
1990).

These pesticides failed to augment the nocturnal rise in NAT activity
when tested animals were injected with propranolol, a p-adrenergic receptor
antagonist, one hour before lights off (Attia et al., 1991c; 1995a,b). The
failure of the pesticide i.e., parathion to enhance pineal NAT activity after
propranolol treatment indicates that the parathion-induced increase in pineal
NAT activity may involve an action of the pesticide on (3-adrenergic
receptors since their blockade obviously prevented the action of parathion,
(fig. 1) (Attia et al., 1995a). Besides the inability of parathion to modify
NAT activity in propranolol-treated rats, the pesticide also had no
statistically significant action on either pineal or serum melatonin when it
was administered to propranolol-injected animals, (fig.2) (Attia et al.,
1995a). The significant observation herein is that propranolol treatment
prevented parathion from inducing a reduction in 5-HT; this is consistent
with the observation that NAT activity was not stimulated by parathion
when the P-adrenergic receptors were blocked by propranolol. Thus, since
NAT activity was not augmented and its conversion to 5-hydroxyindole
acetic acid (5-HIAA) was restored (Attia et al., 1995a).

Similar findings were obtained in earlier studies. Carbaryl, when
administered alone, augmented the nocturnal rise in pineal NAT activity
above levels in control animals (fig.l) (Attia et. al, 1995b). When rats were
treated with the beta-adernergic receptor agonist propranolol, the nighttime
increase in pineal NAT induced by carbaryl ,was prevented. Carbaryl



treatment by itself, and the combined treatment oTpropranolol and carbaryl
led lo significant increase in pineal 1110MT, the melatonin forming enzyme
(fig. l)(Altia el. al, 1995b). Pineal and serum melalonin levels were
suppressed by propranolol administration and carbaryl was without elTeel on
either parameter when administered lo propranolol-injecled rats. (Iig.2)
(Atlia el. al, 1995b). The pineal response lo these toxins appears lo be one of
a generalized stimulation in pineal metabolic activity, however, mediated by
the sympathetic input to the organ.
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3.Concludiiig Remarks
Carbaryl-stimulaled NAT and H10MT activities above those in the

control animals. These changes were apparent only at 5 hr after darkness
suggesting that carbaryl stimulates the process required for increased
melatonin production. At 0100,pineal NAT and M10MT activities of
carbaryl-lreated rats were stimulated more than 60% over control levels; a
similar - augmentation of NAT has been reported for rats exposed to a
sublethal dose of Iindane,''another common pesticide (Altiaetal., 1990).
Parathion was found to previously stimulate rat pineal NAT activity and
pineal and serum melatonin levels (Atlia et al., 1991a).

Significant findings in this study are that paralhion enhances both
pineal NAT activity and serum melalonin levels above that in the control
animals but failed to enhance them when the rats were treated with the beta-
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adrenergic receptor blocker propranolol. Whereas neither propranolol nor
parathion altered pineal 5-HTP levels, parathion by itself significantly
reduced pineal 5-HT values. Similar findings were obtained in earlier
studies (Attia et al., 1991). Results suggest that parathion modifies pineal 5-
HT metabolism via an effect on either the sympathetic innervation to the
pineal gland or on the beta-adrenergic receptors in the pinealocyte
membrane. Further investigation of implications of these pollutants, is to be
considered.
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The reliability-based life approach is utilized. Selective failure modes of
marine power plants are used for illustration. A case study of the
Egyptian Commercial Fleet owned by the Public Sector Company was
analyzed and used to establish a demonstration of the expected economic
life based on local operating and maintenance conditions. The data
acquired is analyzed and failure trend is derived for each failure mode.
Probabilistic techniques are used to randomly generate numbers and
times of occurrence of different failure modes. The reliability analysis is
performed on the life span expected by the manufacture to predict the
total number of failures, dependent failures, and cost of failures. Total
expenditure due to random failure and cost of scheduled maintenance
together with the annual income are utilized (using the time value of
money) to determine the economic life of the plant. Conclusions are
derived and recommendations for the enhancement of this work in the
future are made.
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1. Abstract

The reliability-based life approach is utilized. Selective failure modes of marine power plants

are used for illustration. A case study of the Egyptian Commercial Fleet owned by the Public

Sector Company was analyzed and used to establish a demonstration of the expected

economic life based on local operating and maintenance conditions. The data acquired is

analyzed and failure trend is derived for each failure mode. Probabilistic techniques are used

to randomly generate numbers and times of occurrence of different failure modes. The

reliability analysis is performed on the life span expected by the manufacture to predict the

total number of failures, dependent failures, and cost of failures. Total expenditure due to

random failure and cost of scheduled maintenance together with the annual income are

utilized (using the time value of money) to determine the economic life of the plant.

Conclusions are derived and recommendations for the enhancement of this work in the future

are made.

2. Introduction

Ship safety is a major concern. One of the biggest contributors to ship accidents and mishaps

is the engine room since it leads to various type of failures (mechanical, fire, explosions,

navigational, time delay, sea-keeping, etc.). The break down of ships loss causes indicates

that 20.5% of loss causes of ships are due to fire and explosions, 3.6% due to machinery

damages, and 4.5% due to engine room flooding. Avoiding these accidents requires alertness

and high cost to maintain the engine room in good condition (Faulkner 1995). The

economical aspects of maintain the engine room should not conflict with the safety aspects of

the ship.

95



and high cost to maintain the engine room in good condition (Faulkner 1995). The

economical aspects of maintain the engine room should not conflict with the safety aspects of

the ship.

Marine power plants require a complicated analysis to determine the economic life of

operation aboard marine systems in local operating conditions. Deterministic approach

usually fails since operating conditions, crew skills, and allocated maintenance budget differ

from those expected and assigned by the manufacturer. Reliability-based determination of

the economic life of marine power plants is more accurate since it handles all the uncertainty

aspects of operation of the plant hence the acquisition and sustaining costs. Due to the

decline of reliability with time the cost of repair of aged marine power plant aboardship gets

higher. Uncertainty of failure occurrence due to variability in installation and maintenance

practice, operating conditions, and crew skills leads to difference between the life time f

assigned by the manufacturer and that used by the owner (especially, in the Public Sector). A

need rises for planning of the economic life based on local data and history. The case study

discussed in this paper is based on the information provided by the Chief of maintenance in

An Egyptian Public Company for Navigation based on data collected for repair of failures

occurred aboard the commercial fleet owned by the company.

3. Objectives

The main objectives of this paper could be summarized as follows: 1) To establish a realistic

approach to determine economic life and economic remaining life for marine power plant. 2)

To minimize the long-term cost of ownership and sustaining cost of a single marine power

plant or power plants for a fleet. 3) To rationalize the selection of the most cost effective

alternative among series of options for purchasing a new plant. In addition to the intended

objectives, planning for the required spare parts could be achieved, and comparison between

different maintenance and replacement strategies is rationalized.
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4. The Proposed Approach

The proposed approach is based on the utilization of the Life Cycle Cost Analysis (LCC)

(Barringer 1996 & 1998) concepts to assess the cash flow of the marine power plant over its

expected span of life. Figure 1 represents the philosophy of the process. The cash flow

elements includes purchasing, depreciation, logistics, installation, maintenance, failures,

down time, fuel consumption, income, etc. In this paper, selective major and most commonly

repetitive failures are used to illustrate the approach. The major steps followed could be

summarized as follows:

1. Definition of major repetitive failures that contribute significantly to the repair cost

2. Determination of cost of failure of each item (replacement - repair - logistics - out of

product - injuries - etc.)

3. Failure trend analysis and reliability characteristics determination of each item »

4. Generating number of failures of each items over the expected life of the plant

5. Determination of the economic life of the plant based on the Life Cycle Cost analysis

(LCC)

Economical
Toots, Capital
Cost, Annual

Income,
Depreciation

Engineering Information
Survival & Death of Asset
Installation & Use Practices
Renewal of Parts

Adding Uncertainty to
the Calculations using
RELIABILITY
CHARACTERISTCS

Rational Life
Estimate

Failure types,
Energy

Consumption

Smarter
Assessment

&
Wiser Decision
Making Process

Maintenance Plans
Production Requirements
Safety Requirements

Figure 1. Philosophy of the Process
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4.1. Major Failures

Msijor repetitive failures that contributes significantly to the repair cost should be

documented. In this case, the following 10 failure modes (or items) were selected to illustrate

the method:

main engine (valves, injectors, bearings, oil rings, cylinder liners, misfiring, oil filters, etc.) -

4.2. Cost of Failure

The next step is to estimate the cost of failure of each item. The cost of failure should be»

studied thoroughly to insure including all cost elements. Table 1 provides the cost of failure

of the selected ten items.

Table 1. Cost of Failure of Each Item in US$

Item

Main Engine
Cooling Pump
Generator
Gear Box
Stern Tube
Starter
Pipes
Bearings
Compressor
Shaft

Item
Cost

1200
2400
8000

20000
1200
1600
6400
6400
4800

100

Logistics

1500
120
120

1000
120
120
650
230
400

20

Labor

260
820
360
310
820
100
125
125
125
100

Duration of
Repair (hrs)
3
4
3
4
8
8
4
10
12
24

Out of
Production
3000
4000
3000
4000
8000
8000
4000
10000
12000
24000

Total

5960
7340

11480
25310
10140
9820

11175
' 16755

17325
24220

4.3. Failure Trend Analysis

Weibull plotting the history or accumulated in-house data of old failure of the same item on

similar plants achieves the determination of the failure trend of each item. Weibull plot has

the following probability density function of failure at any time, t, (Abrenethy 1998 &

1991):



/«=

A
exp

0

(1)

From which, the accumulated probability of failure after any time, t, is given by:

= 1 — exp

Which leads to the reliability at any time, t, as follows:

(2)

R<t) = exp (3)

Where: t - time of concern, /^ = probability density function, F (t) = probability of failure

after time t, R ft) reliability or probability of survival at time t, r\ — scale factor or
t

characteristic life at which the probability of failure is 63.2%, and (3 = shape factor which

indicates the tendency of failure

Time to failure of previous events is plotted on a Weibull plot paper to determine reliability

characteristics as shown in Figure 2. From Equation 2, it can be seen that:

(4)

And In In
1

i-Fk)
(5)

Which is straight-line equation of the formy=ax+b. Thus the Weibull plot is created on a

Weibull plot paper having a log log reciprocal ordinate (y) scale, representing cumulative

probability of failure, and the abscissa (x) scale'is a log scale representing the life value. The

slope of the straight line plotted on this)pap«)Dwill be (3, the shape parameter.
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If this data does not exist, expert opinions should be helpful to determine the required

information. Expert opinions should be expressed in terms of a life factor based on their

knowledge of the quality of installation and the level of maintenance and crew skill and the

operation conditions as follows (:

— p rMTTF
RELAISITC ~ l EXPERTMni 11 MANUFACTURER

(6)
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Figure 2. Weibull Plot for the CS14 CME855 Compressor

4.4. Failures and Replacements

A random number generator technique is used to count failure that occur according to the

failure trend of each item over the span life determined by the manufacturer. The random
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number generator will generate a number that is between 0 and 1.0, which represents the »

probability of failure, F (t). The time to failure will be induced from the following equation:

The failing item and the item that was replaced as a good maintenance strategy is now having

a zero operating life and this will be considered when generating the new failure of these

items.

Replacement and repair procedure of each item upon failure is pre-determined according to

the maintenance and replacement strategy. This could be either the replacement of the failing

part only or the replacement of the failing part and other parts that could be affected by the

failure or as a protective maintenance procedure.,

4.5. Cash Flow & Financial Analysis

Next step is to prepare the cost profile for power plant that summarizes the cash flow over the

life of the plant with the resultant Net Present Value (NPV). Cash flow for the plant includes

income, acquisition costs, and sustaining costs. Acquisition costs include engineering design,

spare-parts and logistics, recurring, support equipment upgrades, technical data, facilities &

construction, upgrade parts, etc. Sustaining costs include maintenance, labor & materials,

replacement & renewal costs, energy, transportation, modifications, overhauls, engineering

r

documentation, disposal, permits & legal, operation, ongoing training, support & supply, •

green & clean, etc. Income decline should be recognized due to decreasing capability over

time. The main economical tool for financial analysis is the net present value, NPV, which

represents the present value of money spent or earned in the future (Future Value, FV). The

total NPV of cash flow over n years is given by:
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NPV - y -IYL.
lStrVtotal ~ 2-4 U , .V

(8)h
Energy consumption (fuel) is increasing with time should be taken into consideration in terms

of a fuel consumption rate factor, this factor is easy to be obtained either from the

manufacturer or in-house experience of local operation conditions.

5. Results & Analysis

Figure 3 shows the future value and the present value of the cash flow for the prospective 15

years life of the power plant. A wiser decision could be made from the owner or the

management on keeping the power plant for how long based on the accepted net cash flow

and the trade-off analysis. If the major concern of this plant is the productivity, then the

management will select the plant with the highest availability regardless of the number of

failures, availability is given by:

Cash Flow & NPV

$1,000,000
$900,000
$800,000
$700,000
$600,000
$500,000
$400,000
$300,000
$200,000
$100,000 -

$0

Cash Flow

Present
Value

1 2 3 4 5 . 6 7 8 9 10 11 12 13 14 15 16 17 18

Time (yrs)

Figure 3. Cash Flow & Net Present Value

Availability =
MTBF Total up time

MTBF + MDT Total up time + Total down time
(9)
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Reliability and availability are calculated along the life span of the plant by counting number

of failures, time of repair of each failure, time between failures, and total operating time.

6. Conclusions & recommendations

1. Probabilistic analysis is more realistic since failures never occur on time.

2. Spare parts quantity for each component can be easily calculated based on more

accurately calculated failure times and replacement strategies.

3. History of different failures occurrences in every establishment based on the local

operating conditions is needed for each entity to establish a more realistic estimate of life

time simulation.

4. LCC provides techniques for engineers and financial organizations to prepare accurate

design trade-offs which support the decision making process. Also this technique is

powerful in the determination of the remaining life of an existing asset.
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PSA Study of ETRR-2 Gadolinium

Injection System

A. M. El-Messiry and Moustafa M. Aziz
Nuclear Safety and Radiation Control Center,

Nasr City 11762, P.O.Box 7551, Cairo, EGYPT

One of the main safety feature of ETRR-2 ,Egypt Test and Research
Reactor # 2 (new reactor), is the use of a redundant and diverse
shutdown systems, called second shutdown system SSS. This system
operates through injection of a high absorbing material ,Gadolinium Gd
solution, into four rectangular chambers surrounding the reactor core. In
view of the fact that the core is super-moderated, the injected neutron
poison between the core and the reflector will cause an immediate reactor
shutdown. The SSS triggers due to: manual, seismic, fails of actuation of
the first shutdown system FSS, or high power neutron flux signal.
Because of safety importance of this new system design, the present
Probabilistic Safety Assessment PSA study is initiated. The study
carried out in view of the system acceptable unavailability together with
the -effects of failure probabilities of relevant parameters and basic
events. The effect of system design modifications (remove of high power
signal and addition of nitrogen filtering line) on reactor safety and system
unavailability is analyzed. A new proposed PSA model which take into
consideration all possible failure modes of the system components is
developed. The results show that the modification done on the system
improves its unavailability while increases the minimal cut sets. The
proposed model unavailability is greater(bad) than the designer
model(that contains many hypothesis). Human error contribution on
system unavailability is reflected on failure type of gadolinium
concentration. The IAEA PSAPACKIV code is utilized for calculation
purposes.
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ABSTRACT

One of the main safety feature of ETRR-2 ,Egypt Test and Research-Reactor H 2 (new reactor), is the use
of a redundant and diverse shutdown systems, called second shutdown system SSS. This system
operates through injection of a high absorbing material ,Gadolinium Gd solution, into four rectangular
chambers surrounding the reactor core. In view of the fact that the core is super-moderated, the injected
neutron poison between the core and the reflector will cause an immediate reactor shutdown. The SSS
triggers due to: manual, seismic, fails of actuation of the first shutdown system FSS, or high power
neutron'flux signal. Because of safely importance of this new system design, the present Probabilistic
Safety Assessment PSA study is initiated. The study, carried out in view of the system acceptable
unavailability together with the effects of failure probabilities of relevant parameters and basic events.
The effect ofsyslem design modifications (remove of high power signal and addition of nitrogen filtering
line) on reactor safely and system unavailability is analyzed. A new proposed PSA model which take
into consideration all possible failure modes of the system components is developed. The results show that
the modification done on the system improves its unavailability while increases the minimal cut sets. The
proposed model unavailability is greater(bad) than the designer model(that contains many hypothesis).
Human error contribution on system unavailability is reflected on failure type of gadolinium
concentration. The IAEA PSAPACK IV code is utilized for calculation purposes.

KEYWORDS: Unavailability, Shutdown system, Rcaclor safely.

I. INTRODUCTION

The overall safety objective for a research reactor is to protect individual, society and the environment by
establishing an effective defense against radiological hazard. These can be achieved through accident
prevention and mitigation by provision of multiple means of shutting down the reactor[l]. At least one
shutdown system shall be incorporated in the design, a second ,independent, may be required depending
on reactor charac(eristics[2]. A Gadolinium Injection System G1S is suggested by ETRR-2 designer to
be the second shutdown system.

Probabilistic techniques should be used to supplement deterministic safety analysis!I]. The results of
these complementary analysis should provide input to the design of safety systems and their funclions[2J.
The probabilistic analysis should also detect possible remaining weak points in Ihe design[3]. Some
accidents or accident combinations may have less dramatic consequences than the used in deterministic
methodology but, when weighted by their likelihood, may represent a real risk and iinpose different design
demands[4]. Probabilistic methodologies assume that all accidents are possible and that any numbers of
simultaneous failures may occur, although the probabilistic may be very low[5]. Some countries as
Argcn(ina(lhe designer of ETRR-2 via 1NVAP company) requires an application of probabilistic
methodology to assess research reactor safety[6,7].
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2. SYSTEM DESCRIPTION

ETRR-2 is a multi-purpose research reactor MPR, open pool, forced upward cooling, low enrichment,
and plate-type fuel element. The reactor protection system commands two diverse and independent
shutdown system: I-control and safety plates system denoted by FSS, 2-gadolinium injection system
known as SSS.

Tig. I shows the circuit diagram of the SSS[8]. It made of 4 trains, each consists ofslorage lank BR?(?
stands for // 1:4), two tripping valves NVO?? (?? stands for # 3:10) with associated two actuation valves
NYO??, piping, injection chamber CM?. Besides; depressurizalion lank BR5 with two 3-vvay valves
NV044/NV025, (he corresponding air actuation valves NY044/NY025, Nitrogen N2 lank BR8, transfer
lank BR6, and air compressed tank BR7; all are common to the 4 trains. The discharge lines at the outlet
of the storage tanks are provided with Y filter, purge valves VD007, VD012, VD0I9 and VD024; they are
located upstream of the tripping valves to permit verifying Gd concentration and tank leakage. The system
required pressurization is carried out with nitrogen via VD006, VD011, VDO18 and VD023 valves over
each storage tank, and via NV025 and NV044 valves for depressurization lank. The needle valves
VA032 and VA033 are mounted over both nitrogen trunk lines to ensure minimum flow to compensate
leaks while avoiding excessively large flow. Table 1 summarize main system dala[9].

Table 1 SSS main dala

Volume of each slorage tank BR?, liter
Pressure of each storage tank BR?, ba .
Volume of Gd in slorage lank, liter
Volume of BR5, liter
Pressure in BR5 , ba
Volume of injection chamber CM? , liter
Pressure in injection chamber, ba

20
7
6.5
20
2.5
6.5
2.5

ba: bar absolute

3. SYSTEM OPERATION

During normal operation, the CI1? and the BR5 are filled with N2 at 2.5 ba, while each slorage lank is
filled with Gd solution at 7ba. Whenever the SSS action is required, the reactor protection system sends
an opening signal(one per each train) to the solenoid actuation valves NYO?? that command the air supply
lo the (ripping valves NVO?? for opening. The NY025 and NY044 solenoid actuation 3-way valves
receive a signal(at the same time) from the reactor protection system and commute the valves NV025 and
NV044 to the venting position, allowing Gd solution to fill the CH?. The successful performance of at
least 3 out of 4 trains will be sufficient to shutdown the reactor, this comply with the single failure
crileria[8].

Two independent self regulating valves PCV003 and PCV005 ensure required operation pressure in the
slorage tanks and the injection chambers. The system is protected by two safety valves PSV006 and
PSV026. The first prevents the design pressure in the storage tanks from exceeding 8ba, while the second
prevents ihe design pressure in the injection chamber from exceeding 4ba. The system is protected
through several signals as low liquid level alarms, low pressure alarms for each slorage tank, and high/low
pressure alarms for BR5.

4. SYSTEM MODELING

l-Original Model (Model # I: Designer)

Fig 2 and 3 illustrate Ihe designer main system Fault Tree FT and the accompanying subtree//I (similar
subtrees can be drawn for the others trains U 2,3 and 4). The following designer hypothesis had been
taken into account while constructing the FTs[8]:
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I-The system is assumed (o be operative, only failure on demand is considered,
2-The charging circuit for nitrogen will not be considered in the analysis, neither the 7ba line nor the
2.5ba line,
3-The drainage system does not change its state, therefore it is not considered in Hie FT,
4-Failure of the Gd charging lines is not considered in the FT,
5-Opening of any of the three valves NV044,NV025, PSV026 will lead to venting,
6-The system component will be tested once a year.

The top event unavailabilily(failure of the SSS) may be due (o one of the following events:
1-failure of two or more trains,
2-failure of trigger signal(any one of the four signals: manual, seismic, FSS, or high power),
3-faihtre of the venting line.

2-Modificd model(Modd ft 2)

The modification done on the system by the designer are[10]:
I-remove of (he high power neutron flux signal,
2-addilion of filtering line(dolted line in Fig. 1) to the nitrogen discharge from the depressurization tank

The main system FT with these modification is shown in Fig. 4. The accompanying subtrees for trains H
1:4 are unchanged. The previous designer hypothesis are taken into account while constructing FTs.

The lop event unavailability may be due to one of the following events:
I-failure of two or more trains,
2-failure of trigger signal (any one of the three signals: manual, seismic, or FSS),
'iJ-failure of any venting line including the added nitrogen filtering line.

3-Proposed Model(lvlodel#3)

In this model the above designer hypothesis are discarded, therefore failure of compressed air and
nitrogen charging line during operation are considered. Failures modes of these two lines components
may arises from leakage, transfer closed, rupture, and fail to remain in position. These failures assumed
undeleclable due to human error, or failed instrumentation. Such line components are regulating, venting,
needle, check, drain, and air actuating solenoid valves, besides (liters, tanks,....etc. The failure data of
these components are extracted from International Atomic Energy Agency IAEA Generic Reliability
Data Base GRDB[1I]. Fig. 5 represents the obtained main system fault tree, while Fig. 6, 7 and 8
represent the accompanying subtrees of the nitrogen charging line, the depressurizalion line and train
# I (similar subtrees can be drawn for the other trains #2,3 and 4). The main system unavailability (top
event) may results from:

I-failure of two or more (rains,
2-failure of the trigger signal (any one of the three aforementioned triggering signals),
3-failure of the nitrogen charging line,
4-failure of the depressurization line,
5-failure of air compression line.

5. RESULTS AND DISCUSSION

The calculated Failure Probabilities FPs[12] of (he basic events ofmodel // I and 2 are listed in Table 2,
while the calculated addilional(besides that in Table 2) failure probabilities of basic events used in
model U 3 are summarized in Table 3.
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Table 2 Calculated FPs of basic events of model H I and 2
Event name
Signal(model //I)
Signal(model M)
Sarv(psvO26)
Slovl(nv025)
Slov2(nv044)
Lgd?(liuman)
Pobs?(human)
Vleak?
Chamber ?(Ch?)
Pbreak?
Iranss?
Press? <
Slov??(yv011?)
Slov??(yvOH?)
Operator?(human)
Fillc
Pnos(human)

FP
I.OE-3
0.75E-3
1.0E-5
1 .OE-3
1 .OE-3
I.OE-6
I.OE-3
8.0E-5
2.36E-4
I.OE-5
3.4E-3
7.88E-4
I.OE-3
I.OE-3
I .OE-3
3.I9E-2
I .OE-3

Description
Failure of trigger signal (due to any of the four signals)
Failure of trigger signal (due to any ofthe three signals)
failure of depressurozation safely valve
Failure of depressurization solenoid valve ft 1
Failure of depressurization solenoid valve // 2
operator fail to detect Gd concentration in BR?
Line? pipe obstruction due to operator error
Leak of injection valves of line ?
Leak of chamber ? when demanded
Failure of injection pipe line of train ? when demanded
Failure of transmission line of train ?
Failure ofthe pressure sensor of train ?
Failure of solenoid valve of train ?
Failure of solenoid valve of train ?
Operator fail to delect Jow pressure in train ?
Filter closed, nitrogen venting line , new
New filtering pipe Line obstruction due to operator error

? stands for H 1A
?? stands for // 3:10

Table 3 Calculated FPs of the additional basic events of model # 3
Event name
VdO5
VrO34
Br??
VdO35
VdtOOl
Vdl002
Psv006
l'cv003
l'cvOO5
Vd00l,2
Vd032,33
Nvc044,025
Ny044,025
Vr005?
VdO14
VdOI3
Vd006?
Vd004?
Vd007?
Pibl?

FP
5.59E-3
2.89E-1
2.36E-4
2.59E-3
1.49E-4
9.63 E-4
1.3IE-3
9.63 E-4
9.63E-4
I.65E-2
1.05E-2
7.59E-3
I.OE-3
8.76E-4
5.59E-3
5.59E-3
5.59E-3
5.59E-3
5.59E-3
I.OE-5

Description
Leakage of gate valve, compressed air
Internal leak of check valve, compressed air
Rupture during operation of tank Br??
Leakage of gale valve, compressed air
Transfer closed of main nitrogen trunk valve
Fail to operate, regulating valve, nitrogen charge line
failure of safely valve, main nitrogen charge line
Fail lo change position, regulating valve, nitrogen charge line
Fail lo change position, regulating valve, nitrogen charge line
failure of by-pass valve, main nitrogen charge line
Failure of needle valve, main nitrogen charge line
Transfer closed, 3way valve, nitrogen charge line
Failure of solenoid actuating valve of Br5 tank
Internal leak, check valve , nitrogen charge line of train ?
Failure of drainage valve of tank Br5
Failure of venting valve of lank Br5
Leak of gate valve, nitrogen charge line of (rain ?
Leak of venting valve of tank Br?
Leak of purge valve of tank Br?
Leak of pipe line of train ?

? stabds for ft I:
?? stands for # ' :8

Table 4 lists the calculated Mean System Unavailability MSU for the following cases: I-designer
calculation for model// I; 2-presenl calculation for model// 1 (using the same failure data and hypothesis
of the designer); 3-present calculation for model # 2(lwo option: with and without considering filtering
line); and 4-present calculation of model ft 3.
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Table 4 MSU of the SSS for the studied cases
Case
1

2

3a

3b

4

Description
Model //I, designer value, (failure of trigger signal=I.0C-3, designer
hypothesis included, no modification)
Model //I, present study value, (failure of trigger signal=1.0B-3, designer
hypothesis included, no modification)
Model H2, present study, (failure of trigger signal=0.75E-3, nitrogen filtering
line excluded, designer hypothesis included)
Model //2, present study, (failure of trigger signal=0.75E-3, nitrogen filtering
line included, designer hypothesis included)
Model // 3, present study, (failure of trigger signal=0.75E-3, nitrogen
filleting line included, designer hypothesis excluded)

Unavailability
1.3E-3

I.2E-3

0.98E-3

0.98E-3

0.32

The results of designer calculation and the present study for model // 1, are close to each olhers(lwo fust
rows) which demonstrate verification of designer calculations. There is no effect of the nitrogen filtering
discharge line on system unavailabili(y(row 3 and 4), this because of presence of three redundant lines for
system venting. The effect of removing high power signal from triggering signals of SSS improves the
system availabitily(rows 2 and 3), although it reduces reactor safety level. The present calculation of
model if 3 highlight the role of designer hypothesis on reducing system unavailability(first and last rows).

The obtained Minimal Cut Set MCS orders! 12] for the three mentioned models are listed in Table 5,
while (he importance components in operation!11] for model // 1 and 3 are arranged in Table 6 and 7.

Table 5 Minimal Cut Set Orders
model //
order 1
1

order 2
144

order 3
48

model U 2

order 1
1

order 2
146

order 3
48

model // 3

order 1
14

order 2
473

order 3
336

: means no high power signal and presence of nitrogen discharge filtering line

model // I
Component

Signal
Lgd I or ,2,3,4

f'rcssl or2,3,4

1'obsl or2,3,4

importance value

813.2539
16.09442
16.08741

16.08421

Component

Opcrl or2,3,4
Transsl or2,3,4
Solv3:l0

importance value

16.08421
16.04797
1.015079

Table 7 The calculated importance components in operation of model // 3

Component

VdtOOl

Br5 or 7,8

PcvOO3 or 002,005
Signal

Psv006
VdO35,O51,013,014
Vr034
Chl :4or l3r l :4
I'ibll:4

006l:0064,Vd0041:0044,V
dOO71:0074

importance value

4.120452

4.120179
4.117911
4.117796

4.116819
4.103469
3.217736
1.179126
1.179119
1.178166

Component

Lgd 1:4
Vr005l:4
Pobsl:4

PsvO26
Vd033,032
VdOO 1,002
NvcO44,O25
Pnobs
Fillc

0401:04O4,nyO401:0
404, nvOl 11:0114,
nyOl 11:0114

importance value

.179023

.79011

.78989

.102653

.050976

.032097

.023515

.000031

.000030

.000358
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EMERGENCY MAINTENANCE OF OC-REACTOR AT VCM PLANT
OF EGYPTIAN PETROCHEMICALS COMPANY

A. EI-Batahgy*, B. Zaghloul*, F. Darwish**, and H. Abdel-Alim*

* Welding Research Department, Central Metallurgical R & D Institute, Cairo
** Egyptian Petrochemicals Company, El-Amria, Alexandria

ABSTRACT

The function of this reactor is to produce wet ethylene dichloride (EDC) by oxy chlorination
(OC) process that is an exothermic reaction between ethylene, hydrochloric acid and oxygen in
the presence of copper chloride as a catalyst. The heat obtained from this reaction is used to
heat water inside tube bundle before supplying it into a steam boiler.

Diameter and height of the reactor are 3.3 and 20 m respectively. Its operating pressure and
temperature are 2 bar G, 220 °C at shell side and 7 bar G, 200 °C inside tube bundle. All
components of the reactor are made of Type 304L stainless steel. After about 12 years of
operation, sudden and unexpected failure was occurred at many locations of the OC-reactor
unit.

Emergency maintenance of the subject OC-reactor has been successfully carried out within one
month of hard and continuous work. This was executed according to a well designed working
plan covering inspection and evaluation of all reactor components then, repairing and/or
replacing all of its damaged parts. In this respect, appropriate welding procedures and skillful
welders were prepared and qualified before being exposed to the actual job. Non-destructive
testing including visual, dye penetrant, and radiographic tests were conducted according to the
requirements of ASME Code. As concluding remarks, implementation of the appropriate
quality control system before, during, and after the maintenance process is of considerable
importance in order to achieve and sustain efficient technical and economic performance.



CREEP FAILURE OF SEAMLESS STEEL PIPE
IN CRUDE OIL PREHEATING FURNACE

Alber Alphouse Sadck*

* Welding Research Department
Central Metallurgical R&D Institute
P.O. Box:87b Helwan, Cairo, Egypt

ABSTRACT

Seamless steel pipe in the crude oil preheating furnace was failed after

approximately 8 years of operation. The subject failure has been identified by

the means of microstructural observations, mechanical testing, X-Ray

diffraction analysis and radiographic testing. Based on the results of the

investigation and failure mode it can be concluded that the failure of the

subject pipe is creep type failure. The failure could be attributed to the

improper heating process, which lead to localized overheated regions. That in

turn, lead to localized deterioration in the mechanical, metallurgical and

corrosion properties of these regions causing the creep rupture failure.



FAILURE ANALYSIS OF BOILER STEAM TUBE

Alber Alphonse Sadek*

* Welding Research Department
Central Metallurgical R&D Institute
P.O. Box:87b Helwan, Cairo, Egypt

ABSTRACT

Failure of boiler steam tube was reported after approximately 7 years

of operation. The subject failure has been identified by means of

microstructural observations, hardness testing and Scan Electron Microscopy

(SEM). The failure of the subject tube could be attributed to two main factors

worked together to decrease the lifetime of the tube. These two main factors

are the corrosion-fatigue, which lead to initiate and propagate the cracks

under cyclic stresses through the tube wall. The second one is the

graphitization, which took place due to the prolonged exposure at moderate

temperature lead to embrittle the steel at this part, and the fracture took the

cleavage brittle fracture pattern.
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NETRON RADIOGRAPHY FACILITY AT ETRR-2

S. M. Morsy
I. O. El Deib
Atomic Energy Authority of Egypt, ETR.R-2, 13759 Cairo, Egypt.

Abstract

Egypt Second Research Reactor, BTRR-2, is a multipurpose reactor, open pool type
with 22 MW power. One of the reactor purposes is material testing. Neutron
radiography is one of the NDT techniques that are applied at the ETRR-2.
There are two neutron radiography facilities at the ETRR-2: Neutron Radiography
Facility, NRF, and Under Water Neutron Radiography, UWNR.

The NRF is installed in front of one of the neutron radial beam tube. However, the
UWNR is installed to perform neutron radiography on highly irradiated samples from
different materials. It is possible to perform exposures on samples of various shapes
and size.
In this paper, the ETRR-2 radiography facilities are described and possible
applications.



MAINTENANCE AND INSPECTION VJLAN FOR ETIIR-2

A. S. Kamoori
0. E. HI Nokily
Atomic Energy Authority of Egypt, ETllR-2, 13759 Cairo, Egypt

Abstract

Safety is the most important issue Hunt is considered by the ETRR-2 munngement
during the reactor operation nnd utilization. Among others, effective maintenance is
one of the most important specific activities to achieve safety. ETRR-2 Maintenance
program and inspection plan is adopted to ensure that the systems, subsystems, and
components continue to operate as desired with their capability to meet the design
objectives. Moreover, it is also to ensure that the reactor safety is not affected by
subsequent operations.
ETRR-2 Manager has the overall responsibility for all aspects on maintenance while
the maintenance head has the direct responsibility. ETRR-2 maintenance group is
divided into four units: mechanical maintenance unit, electrical maintenance unit,
electrom'cs maintenance unit, and chemical maintenance unit.
Intended safely function of every reactor component and system is checked on daily,
weekJy, monthly, semiannual, and annual bases by means of preventive and predictive
maintenance program and inspection lest plan. Deficiencies thus delected are
corrected in tune. Maintenance activities ate carried out in accordance with written
and approved procedures. The maintenance procedures are developed by the ETRR-2
maintenance persoiuiel in cooperation with system designers and based upon the
manufacturer recommendations and considers the experience from similar facilities.
Maintenance personnel are kept well trained on all maintenance activities. Documents
that define the maintenance activities and associated historical date arc subject to
managerial control within the QA program jfgr E.TRR-2 oporntiiu. Maintenance
pnnrclttrac aro ti\owlnj< that the control room operators arc kept infoimed of the
status of any such work under way.



MATERIAL DESTRUCTIVE TEST AT ETRR-2

M. M. Ghonim(1)

A. S. Kamoon ( 2 )

(1) AEA, Inshas Research Center, Material Dept., 13759 Cairo, Egypt
(2) AEA, ETRR-2, 13759 Cairo, Egypt

Abstract

ETRR-2 is a multi-purpose reactor, open pool type, 22 MW power, cooled and
moderated by light water. One of the most important uses of the reactor is material
testing. The reactor has 26 irradiation positions at its irradiation grid. Here, the
neutron flux is suitable for material irradiation for research and development.

The reactor main pool includes the core grid, irradiation grid, beam tubes, cooling
systems pipes, and required core instrumentation. The main pool is connected to an
auxiliary pool for radioactive material and irradiated fuel storage. A heavy concrete
shielded Material Testing Cell, MTC, is connected to the auxiliary pool by means of
conduct provided with a sample holding cart and is equipped with material testing
machines so tliat impact, tensile, compression, binding, fracture toughness, and
microhardness tests on irradiated samples can be conducted.

In this paper, MTC description, cell preparation, specifications of machines included,
and cell utilization plan is presented.



HEB ~ 99

The HEB is an International Bi-annually Conference which is organized
by The Egyptian Atomic Energy Authority (AEA). The aim of the HEB is
to discuss the latest development and the various gained experience in
the field of heat exchangers, boilers and pressure vessels through the
presentation and discussion in the Conference Sessions by the
Conference contributes.

The present Proceeding contains papers presented at the HEB - 99
organized in Cairo-Atomic Energy Authority (Main Building) during the.
period 3 - 5 October, 1999. Only those papers which have been
accepted by at least two referees are published in the present
Proceeding. This proceeding was edited by the staff of the Alexandria
Branch of the Egyptian Atomic Energy Authority.


