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NATIONAL ENERGY SAVINGS PLAN 
HEAT AND POWER SYSTEM EFFICIENCY IMPROVEMENTS 

COAL CLEANING PROGRAM 
REGIONAL ENVIRONMENTAL IMFROVEMENT STUDY 

1 0 CONTRACT ACTIVITY INPUTS, OUTPUTS, AND OBJECTIVES 

1 1 Inputs, outputs 

Delivery Order No 9 was in~t~ated September 28, 1994 to assist Kazakhstan in the 
implementation of an expanded energy program The or~gmal Delivery Order prov~ded 
for three tasks toward thls objective (1) Nat~onal Energy Savings Plan, (2) Heat and 
Power System Efficiency Improvements, and (3) Coal Cleamng Program 

ArnendmentMod~fication No 1 was issued August 29, 1995 to extend the estimated 
completion date from August 3 1, 1995 to August 3 1, 1996 

AmendmentModificat~on No 2 was issued September 24, 1995 to mcorporate a fourth 
task into the Delivery Order, (4) Reg~onal Env~ronrnental Improvement Study The 
estimated completion date, for this task only, was ident~fied as July 19, 1996 

ArnendmentflMod~fication No 3 was issued August 19, 1996 to extend the est~mated 
completion date, for Task 4 only, to January 19, 1997 

Dellvery Order No 9, Tasks 1, 2, 3, and 4 
Labor $1,957,500 
Other D~rect Costs 1 .O6 1,540 
Cehng Pnce $3,0 19,040 

Under the core contract, a budget of $400,000 was allocated toward purchasing 
equ~pment related to the four tasks 
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1 2 Objectives 

The Statement of Work for Delivery Order No 9 defines the overall program objective as 
providing assstance to Kazakhstan "zn the zmplementatzon of an expanded energy 
program wzth the objectzve of strengthenzng export earnzng capab~lztzes through 
zmproved energy productzvzty and related changes to znstztutzonal, regulatory, and 
economzc actzvztles " 

Each task also has specific objectlves whch are defined withm the followng summary 
descriptions 

2 0 SUMMARY DESCRIPTIONS OF ACTIVITIES 

2 1 Task 1, Natlonal Energy Savings Plan 

The goal to be attazned from the work IS to asszst the Republzc of Kazakhstan's Mznzstry 
of Economy zn preparzng a Natzonal Program for Energy Savzngs (XPES) The speclfIc 
objectzves to achzeve thzs goal are 

* the performance of speclfIed tasks dzrected toward zdentzfizng economzc and 
legrslatzve measures to conszdered for zncorporatzon m the Natzonal Energy 
Savzngs Plan, and 

* the perfovmance of speczjied tasks dzrected toward technzcal and operatzonal 
measures to be conszdered for zncorporatzon m the Natzonal Energy Savzngs 
Plan 

The approach to meeting task objectlves was carried out wlth the following plan . Address energy sources, generat~on, transrmss~on, distribution, and 
consumption of both electrical energy and centrally produced thermal 
energy 
Analyze current and future energy demand by sector, and estlmate 
potential energy savings and recommendations for energy savlngs 
policies . Make recommendations on economc, legislative, and t e c h c a l  lmtlatives 
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2 2 Task 2, Heat and Power System Efficiency Improvements 

Objectzves 

To assess the benefits and costs to be gazned by renovatzon, l$e extenszon and coal 
qualzty zmprovement (where applzcable) to the Thermal/Heatzng plants at 

* Almaty DHPP-2 5 0 coal fired 
* Atyrau DHPP 2 77MW gas, mazut 
* Ermakovskqa SDPP 2400MW coal 
* Pavlodar DHPP-1 350MW coal 

To estimate, on the bass of the study results, the benefits and costs for renovatzng all 
comparable Kazakhstan Thermal/Heat plant systems and prepare a plan whzch can be 
used by domestic and forezgn znvestors to evaluate znvestment opportunztzes 

*(Plants tentatively identified as study models, in original statement of work ) 

The work included two elements essential to the task goals . Assess technical and cost benefits to be gained by renovation, life 
extension, and efficiency improvements for four thermal plants Pavlodar, 
Elubastuz, Karaganda, and Ust-Kamenogorsk 
Investigate whether the present level of plant instrumentation supports the 

operating and controls philosophy of the thermal system 

2 3 Task 3, Coal Cleanlng Program 

To determzne optzmum, state-of-art coal cleanzng and mznzngprocesses whzch are 
applzcable to Kazakh coals, conszderzng ultzmate coal qualzty envzronmental qualzty 
safety and favorable economzcs 

This objective was implemented under the following plan . Determine optimum coal cleaning and mining processes applicable to 
Kazakstani coals from Karaganda and Ehbastuz basins, considering coal 
quality, environment, safety, and economics . Testing and cleamng of representative coal samples by U S laboratory, 
results to mnistry of Energy and Coal to select an optimum coal cleamng 
process 
Conduct trainmg on coal cleaning technology, develop investment 
program for coal cleamng plant 

2 4 Task 4, Reg~onal Environmental Improvement Study 

Objectzves 

Tram and equzp a selected team of local personnel (I) to perform envzronmental audzts 
to zdentzfy the most cntzcal pollutzon problems and (2) to perform all technzcal and cost 
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analyses necessary to select, deszgn, and zmplement technologies andpractzces to control 
emzsszons and to remedzate environmental damage, 

Characterzze the gaseous, lzquzd, and solzd emzsszons@om energy znstallatzons and 
heavy industry faczlztzes m a selected regon of Kazakhstan, and thereby zdentzJSl the 
pollutzon control technologes that are the hzghest przorzty for transfer and adaptatzon to 
the technzcal and economzc condztzons prevazlzng zn Kazakhstan zncludzng exzstzng and 
future envzronmental standards and regulatzons, 

Plan and execute a proto9pe project to monztor pollutzon at a selected energy faczlzty 
and to prepare an zmplementatzon plan for effectzvely reduczng emzsszons through the 
transfer, adaptatzon, and use of a modern, commerczally avazlable pollutzon control 
technology, and 

Faczlztate the extenszon of the results through out the country andprovzde znputs for the 
natzonal government to conszder when modzJSllng exzstzng or adoptzng new regulatzons 
for envzronmental protectzon 

The following steps were identified as necessary components to meet task objectives . Train and equip local personnel to perform environmental audits and 
implement technologies to control emssions and remediate environmental 
damage 

a Characterize gaseous, liquid, and solid emssions from energy installations 
in a reglon of Kazakhstan, and identify h~ghest prionty technologies for 
transfer and adaptation to prevailing technical and economc conditions 
Momtor pollution at a prototype facility and prepare implementation plan 
for reducing emissions 
Conduct a national semnar to publicize results and provide inputs for 
consideration of the national government regarding regulat~ons for 
environmental protection 

3 0 STATISTICAL SUMMARIES AND ANALYSES OF ACTIVITIES 

3 1 Task 1, Nat~onal Energy Savings Plan 

The Council of Wnisters of the Republic of Kazakhstan decided in 1994 to establish a 
National Program for Energy Savings, to cover each sector of the economy The 
responsibility to prepare recommendations for the development of a National Program for 
Energy Savings was given jointly to the Wnistry of Energy and Coal and the Ministry of 
Economy At the request of the Government of Kazakhstan, USAID agreed to assist in 
the development of such a program by providing techmcal assistance in specific areas 
which were jointly selected 

In July 1995, Burns and Roe issued the Final Report for t h s  task, whch was prepared in 
collaboration with International Resources Group and Foster Wheeler The report, 
entitled Kazakhstan Natzonal Program for Energy Savzngs, klfilled the task objectives in 
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comprehensive manner with detailed research, discuss~on, and recommendations 
concemng energy savlngs topics 

Importance of and potential for energy savings 
Energy priclng principles and guidelines 
Energy demand, energy prlcing and energy savings 
Government policies and programs 
Funding options 
Facility-level energy management 
Power sector 
Distrxt heating sector 
Fertilizer industry 
Nonferrous metals industry 

Key recommendations for energy savings were Identified m the Final Report 

1 Accelerate economic reform 
2 Increase end-user energy pnces according to the principles outlined in the 

study 
3 Put in place incentives for the installation of equipment that measures 

energy consumption 
4 Establish the Energy Conservation Department withm the Ivhnistry of 

Economy as the coordinator of the Government's energy savings policies 
and establ~sh an independent Energy Conservation Agency to implement 
the programs associated with these policies, Involve a diversity of 
organizations, especially the pnvate sector, in the pursuit of energy 
efficiency 

5 Assess vanous financing optlons, focusmg m the short term on 
demonstrat~on zones, energy savings fund and multilateral bank funded 
projects 

6 Focus lnlt~ally on energy savlngs in the industrial sector, and on those 
energy savings investments whose costs are recoverable in less than one 
year once the investments are operational Ensure that industrial facdities 
scheduled for energy conservatlon Investments can survive in their market 
sector and are economically v~able in the long term 

7 Focus initially on policies and programs achievable in a timely and 
effective manner during the next three years as the country progresses to a 
market-based economy, an then consider policies and programs that will 
yield energy savlngs in the longer term 
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3 2 Task 2, Heat and Power System Efficiency Improvements 

In January 1995, Burns and Roe started a study in Kazakstan to determine heat and 
power plant efficiency improvements Four plants were selected for the study by 
Kazakstan's Mnistry of Energy and Coal, and Kazakstanenergo, namely 

Ermakovskaya in Pavlodar, block 3 
Elbastuz # 1, block 3 
Karaganda #2, block 3 
Ust-Kamenogorsk, block 7 

The work included the following tasks 

Background data related to the project was collected and analyzed 
Meetings were held with Kazakstam engineers to discuss the collected 
data 
A condition assessment was performed to determine thermal efficiencies 
of the systems and identifl the major plant systems and components which 
require rehabilitation or modemzation 
An engineenng analysis was performed to establish recommendations for 
improvements Thls analysis also included development of capltal cost 
estimates and implementation schedules 
A detailed rehabilitation and modemzation program was outlined and 
recommendations made for life extension and improving system 
efficiencies and reliabilities 
The results of the engineenng analyses were reviewed with Kazakstani 
authorities, with the expectation that the results of the analysis could be 
extended to other fossil plants in the country 

Final reports prepared for each plant, entitled Heat and Power System Effrczency 
Improvements, provide detailed information and discussion including the following 
topics 

Kazakstan energy sector strategy 
Plant description and evaluation 
Rehabilitation recommendations 
Capital cost estimates 
Construction schedule 

In January, 1996, Burns and Roe issued the Final Reports, in two volumes for the four 
plants, in both English and Russian languages 
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3 3 Task 3, Coal Cleanmg Program 

The basis for this task was that large coal resources exist m northeast Kazakstan, and coal 
represents the major fuel of heat and electrmty generat~on at present and m the 
foreseeable future The coals mined at Karaganda and Ekibastuz, the two main coal 
mmng areas of Kazakstan, currently contam up to 50-55% ash, whereas most boilers in 
Kazakstan are designed to fire a coal w ~ t h  an ash content no greater than 36-38% at full 
nameplate capacity The results of handlmg and firmg the dirtier coals are large 
increases m handling and transportation costs, deratmg of the boiler capacity, and 
Increases in plant waste volumes 

The project was funded to develop a prel~m~nary flowscheme for a proposed preparatlon 
plant to reduce the ash and sulfur content of high-ash run-of-mne coal from one selected 
area of Kazakstan The first step in the project was to conduct a field trip to the two main 
coal mimng areas of Kazakstan -- Elubastuz and Karaganda -- and ident~fy any short term 
cost-effectwe improvements in coal mlnlng and handling processes prior to talung 
samples for further characterization No improvements in the short term were identified 
Therefore, samples were taken from the two mam coal mmng areas under present mining 
conditions The resulting washab~hty (coal cleaning potential) of the coals was the basis 
for choosmg the Karaganda coal as the proposed raw coal feed to the proposed 
preparatlon plant It was establ~shed, though, that the developed flowschemes would 
apply equally well to either of the coals w t h  a sl~ght reduct~on in weight recovery 
because of the lower clearung potential of the Elubastuz sampled coal 

The necessary washab~l~ties (and associated analyses of the two subject coal samples 
were performed m the Umted States at a laboratory in the Pittsburgh, Pennsylvania area 
Four technical v~sltors fiom Kazakstan -- representing the hhmstry, coal 
m~mnglpreparation, and coal analysdresearch -- partic~pated m the testmg of the coals 
dunng September, 1995 In add~t~on, vis~ts were made to research laboratories, 
preparation plants and a small-scale production fac~lity for a coal-water mxture material 
burned in a power plant 

Coal laboratory equipment was identified for installat~on at a site In Kazakstan to be 
selected by the Mmstry Bas~cally the equipment ranged fiom screens, the float-sink 
tanks and assoc~ated tools, and a centrifuge whlch requlres the development of techn~que 
by usage These bas~c slulls are a standard part of the expenence of analysts in 
Kazakstan and should represent no major obstacle for the implementation of the 
equipment 

Five flowschemes of varymg complexity of equipment requirements were developed w ~ t h  
an associated w ~ d e  range In capital and operatmg cost The treatment of hgh-ash raw 
coal feeds in the 45-55% ash range for reduct~on the 36-38% ash range was considered 
sign~ficant and completely viable, at a range of weight percent recovery of clean coal 
product from 63 8% to 71 5% for the five tentatwe flowschemes These five based on a 
total capital cost to build ranged from $1 1 62M to $1 8 87M -- and a cap~tal cost per clean 
coal product from $1 04 to $1 48 The operating cost per clean coal produced ranged 
rom $3 09 to $5 11 
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The four visitors were given a three-day semlnar covering general economics for coal 
preparation, and the background and development of the cand~date flowschemes The 
flowscheme chosen by the visltors was the two c~rcuit heavy media wash (mcluding a 
heavy media wash and a heavy media cyclone) treatmg l5Ornm by 0 75mm raw coal 
feed 

The chosen flowscheme was developed further to include all prel~mnary mformat~on 
necessary for a hypothet~cal Investment program to a lendmg institution This included 
drawmgs covenng the process equipment and the quantity-quality of all flowstreams, 
tables l~sting the major pieces of equ~pment required for raw coal handling, the 
preparation plant, and refuse and clean coal handling, and documentation includmg 
appropnate techcal ,  environmental, and economc and financial assessments 

The developed flowscheme is capable of processing both Borlinski and e~ther of the 
Elubastuz raw coal feeds A sle~ght decrease in yeld of clean coal for the Elubastuz 
coals would be obtamed because of the d~fference in washab~l~ty charactenstics of the 
raw coal feeds m cornpanson to the Borl~nslu raw coal feed 

The advantages In reducing Kazakstan run-of-rune raw coal ash from 45-55% to 36% by 
processmg m the proposed preparation plant are reduced costs In coal transportat~on, 
storage and handhng, pulverization, steam generat~on, precip~tatorhaghouse operation, 
flue gas desulfur~zation, and fly-ash and scrubber waste d~sposal Another advantage 1s 
greater overall thermal efficiency of the power station An important cumulat~ve 
enwonmental advantage is that decreased amounts of pollutants are discharged from the 
power plant 

Burns and Roe issued the Final Report for the task, ent~tled Coal Cleanlng Plant Design 
Study, In December, 1995, in both English and Russ~an languages 

Burns and Roe identified analytical and laboratory equipment needed for the Kazakstan 
State Scientific Research Inst~tute, Karaganda, purchased, and sh~pped t h ~ s  equipment to 
the inst~tute 
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3 4 Task 4, Regional Environmental Improvement Study 

Burns and Roe selected a counterpart team of seven environmental specialists and tramed 
them to perform environmental audits, ~dentify cntical pollution problems, and perform 
techmcal and cost analyses to select, des~gn, and implement technologies and pract~ces 
for controlling emssions and remediating envlronmental damage Refer to Attachment 
A Modern Emzsszon Control Technologes and Methods Hzghlrghts of Technology 
Trarnzng Program 

The team conducted env~ronmental surveys at four selected facilities in Kazakstan in 
order to charactenze gaseous, liqu~d, and sol~d effluents, and methods of control and 
disposition of wastes The facilities surveyed were Djambul Power Stat~on, Elubastuz 
Power Station No 2, Ermakovskaya Power Stat~on, and Ust-Kamenogorsk As a result 
of these surveyed, pollution control technologies were selected, and cost analyses were 
performed, with the intent of adapting such technologies to the facilities, talung into 
account the local techn~cal and economic conditions Refer to Attachments B1, B2, B3, 
and B4 Regonal Plant Surveys 

The team then conducted an Ermssion Momtonng Program at the Elubastuz Power 
Station No 2 Following the momtoring program, the team prepared a facil~ty 
modification plan which, when ~mplemented, would reduce emsslons at t h s  facility 
Refer to Attachment C Prototype Faczlzty Testzng Program Costs for ~mplementation 
of the plan were establ~shed to provide a basis for estimatmg pollut~on control costs for 
other facil~t~es The counterpart team members also travelled to the U S to observe and 
study environmental technolog~es s~mlar  to those proposed for the prototype fac~l~ty 

A National Semnar was planned to show how the results of the task could be extended 
to other plants throughout Kazakstan Unfortunately however, the results could not be 
obtamed withn the planned schedule because neither of the boders was in operation at 
the time Burns and Roe requested that the Delivery Order completion date be extended 
until the umts would operate, to allow for collection of the data necessary for the report, 
so it could be presented at a National Semnar Since the completion date was not 
extended, no data could be collected, and therefore, the Nat~onal Sermnar was not 
conducted 
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KAZAKSTAN 

REGIONAL ENVIRONMENTAL IMPROVEMENT STUDY 
e 

MODERN EMISSION CONTROL 
TECHNOLOGIES AND METHODS 

HIGHLIGHTS OF 
TECHNOLOGY TRAINING PROGRAM 
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INTRODUCTION 

The energy sector in Kazakstan has been identified as a sigdicant source of emssions USAID, in 
cooperation wth Utility and Mimstry authontxes m Kazakstan, has agreed that a need exlsts to 
encourage the wde-spread adoptlon of modern, commercially available pollution control 
technologes and practices in the operation of energy and power installations to enable such facilities 
to comply wth mternahonally accepted ermsslon standards 

To support ths objective, Burns and Roe has proposed a plan for a Regonal Envlronmental 
Improvement Study as related to thermal power production fachties m Kazakstan A major 
objectrve of h s  program was to tram and equip a selected team of local experts to perform the 
techmcal and cost analyses necessary to select, design and unplement technologes and pramces to 
control emssions fiom thermal power plants 

As a fist  step, Bums and Roe o r g m e d  and conducted a technology transfer program dumg whch 
the selected Team Members were Introduced to modern, commercially avadable emssion control 
technolops presently m use at Western t h e d  power f a c h e s  These technologes were 
presented to the team m a smes of classroom lectures, wth each team member receiwng a techmcal 
manual descnbmg each specttic technology, ~ t s  appltcabon, effixtweness and relatwe cost 
Wherever possrble, these manuals mcluded recent techcal  publications and supplters techmcal 
hterature 

The classroom lectures and t r m g  manuals u t h e d  hundreds of pages of t e c h c d  ~Ilformahon 
Burns and Roe has prepared a summary of ths  matmal so that the Team Members, and others 
mterested m the results of ths  program, would have ready access to the hgbghts of the t r m g  
matenal m a slngle document The hghllghts of the technology t m m g  program are presented m 
thls report 

# 

A 
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SECTION I - PARTICULATE EMISSION CONTROL 

1 1 Background - 

1 1 1 Effect of Particulates 

The largest stationary sources of part~culate matter in the atmosphere Include fossil fuel-based 
thermal power plants, metallurgcal processes and cement manufacturing Particulates emtted by 
fossil fuel-fired power plants (coal and mazut) contaln both "coarse" partlcles, less than 2 5 mcrons 
in diameter, and "fine" partlcles, less than 2 5 mcrons m size These partlcles may contain metals, 
sulfates, and heavy metals (lead, mercury, arsemc) whch have been found to be toxlc 

Inhalation of these particles has been found to have an adverse effect on human health The 
deposition of particulates in the human resp~ratory system depends on the particle size and shape 
whle the effect IS also influenced by the chemcal composition, the duratlon of exposure and the 
suscept~blhty of the specific individual Fine part~cles have been found to have a greater effect 
because they are more easily retamed ~n the lungs Plants exposed to wet and dry deposition of 
part~culates may also be Injured by both physical coatlng or chemcal poisomng resulting in a 
reduction in plant growth and yeld 

Particulate emssions generally have the~r greatest unpact in the area of the emssion source where 
the t o m  elements are more hkely to harm plants, ammals and humans Fme particulates m the 
atmosphere may cause reduced vlsibihty In addition to therr Impact on ecosystems 

1 1 2 Regulation of Particulates m the Atmosphere 

Ambient alr quality standards are generally established to limt the allowable concentration of 
particulates Particulate concentration limts may lnclude values for both short term exposure (24 
hours) and long term exposure (annual average) and may d~stingulsh between concentratlon hmts 
for h e  and total particulate matter A r  quality standards may also hmt the concentratlon of 
specific toxtc part~culate compounds or elements, but these 11mts seldom Impact the design and 
operatlon of a foss~l fired power statlon 

The World Health Orgaruzat~on (WHO) the US EPA as well as other organration have developed 
reference standards for part~culate concentrations whch may serve as guidelmes to countnes 
preparing or revlslng their ambient air quality standards When evaluatmg the Impact of a new or 
operatmg source on the a1r qualtty it should be remembered that there are many potentla1 source of 
part~culates contributing to the measured concentration, especially m urban areas, and the unpact of 
the power station may be relatively small when compared wth  these other sources 

Since emssions of particulate matter from fossil fired power stations are relat~vely easy to control 
u t i h g  modem emssion control technology, particulate ermssions standards proposed by 
~ntemational financial institutions have been set quite low Proposed World Bank standards for a 
coal-fired plant or umt include the followmg requirements 

. Emssion h t s  - 50 mg/Nm 3 
Mnlmum ash removal efficiency - > 99 % . Removal efficiency for small parbcles (less than 10 rmcron) > 98 % 
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These ermssion limits are In line with that in use In many Western countries including the Unlted 
3 3 States (37 mg/Nm ) Proposed enusslon limits for Kazakstan range from 50 to 150 mdNm , 

dependlng on the thermal capaclty of the boder and the fuel ash content Kazahstan proposed 
emlsslon llrmts for mazut fired boders IS 50 mg/Nm 3 

Smce these emission hrmts are quite stnngent, the ermsslon l m t ,  ~n contrast to the amb~ent air 
quality limt, wll usually detemne the allowable plant particulate emlsslon limt In cases where 
even th s  stnct emsslon limt results m unacceptable air quahty, cons~derat~on should be gven to 
selection of an alternate plant slte or to the use of cleaner fuel (natural gas) Further improvements 
in particulate control technology, resulting in a s~gmficant reduction in particulate emsslons are not 
anticipated m the foreseeable future 

1 2  - Ovemew of Part~culate Control Technoloaes 

A number of potential particulate control alternatives are avadable for both coal and mazut fired 
boilers These Include both "dry" technologes such as 

Cyclones (and Multiclones) 
Electrostatic Precipitators 
Fabnc F~lters (Baghouses) 

and "wet" technologes such as Wet Scrubbers (including ventun scrubbers) Advantages and 
disadvantages of these technoIoges, their effectiveness and relative costs information are descnbed 
later m ths  document When considemg selection of the most effective emssion control 
technology ~t should be remembered that a sipficant fract~on of fly ash produced from a pulvenzed 
coal boiler IS less than 10 rmcron in size (Ehb i t  1 2-1) 

Whde wet scrubbing systems were utillzed in the past for particulate control, their very hlgh pressure 
drop, large fresh water demand, associated corrosion problems and ashlwaste water disposal 
concerns have essentially e h a t e d  them from cons~deratron when constructing a new coal fired 
boiler S~nce cyclones lack the capability to recover fine partmiate matenal from the flue gases, 
they are also no longer considered for pulvemed coal apphcat~ons In fact, Western technology 
utillzes either electrostatic precipitators or fabnc filters almost exclusively for the removal of fly ash 
from coal fired power plant flue gas Cyclones or Mult~clones have been appl~ed to mazut fired 
boilers however and may be considered where reduction in particulate emssions from such stations 
are requ~red 

1 3 Electrostanc Precipitators 

The basrc pnnc~ples of electrostat~c precipitation is descnbed below 

Ash particles are (negatively) charged by electnc current 
* Current is apphed by electncally charged wres or rods 

Stronger electnc current (hrgher voltage) Increases collection efficiency so maxlmum 
voltage is desirable 

Particles rmgrate, or dnft, toward the grounded collection plate due to the effect of the 
strong electncal current 

4 
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Migrat~on veloc~ty is function of particle diameter Large particles migrate at greater 
velocity and are therefore collected more eas~lt 
Fly ash chenucal properties also lmpact the part~cle collect~on efficiencv 

Particles are dislodged from the collect~on plate and fall to the bottom of the electrostat~c 
preclpltator where they are collected for disposal 

These pnnclples are descnbed in more deta~l in Exhlb~t 1 3-1 

Both mechmcal des~gn features and fly ash charactenstics have a major effect on the collection 
efficlency of an electrostatic preclpltator 

Ash concentration (mg/Nrn3) has a sigmficant impact Ngh inlet dust loadmg makes it 
difficult to achleve hgh voltage on the mtial electncal fields of the ESP 

Chemcal compos~tion and ash reastimty also have a major effect Resist~wty is resistance 
(ohm-cm) of a cube of fly ash one cm on each side 

Temperature has a major effect on resistivity Resistiwty is usually maxlmum 
between 140" C and 200" C 

9 Opt~mum reslst~vity is 10 to 1 0 ' ~  ohm-cm Normal fly ash res~stiwty is 10'' to 
1 0 ' ohm-crn or, tn some cases even hgher (1 0 ' ohm-cm) 

Absorbed acid (SO ) and water on the ash surface reduce resistiwty and lrnprove collection 
efficrency Low su ? fur coals do not benefit fiom t h s  improvement . Ngh resistlvity ash l m t s  useful power consumption, reducing the rmgration veloc~ty 

Low reslstivlty (hgh conductivity) ash hmts the abdity of the ash particle to hold a 
charge and collect on the collection plates Ths  is not usually a problem wth  fly ash 

Key design vanabIes of the ESP are summanzed below 

Gas volume and flow path area Flue gas velocity through the ESP Normal design velocity 
1 s l t o 1 5 m / s  

Collectins electrode are% Specrfic collection area is total area of all collection plates (both 
2 3 sides) per umt quantlty of flue gas volume flow (M /M Isec (AN) The area can be 

increased as requlred to reach the necessary efficiency 

Aspect ratio Length of collecting plate - Plate height Normal design value for hgh 
efficiency is at least 1 5 ratio 

Number of electncal fields (sections) is also ~mportant Number of mdependent sections 
allows optimum voltage for each section Maxlmum voltage means maxlmum efficlency 
Also increases rehablhty 

General ternnology applied to the ESP is shown in E h b i t  1 3-2 whle E h b i t  1 3-3 identifies some 
of the basic terms applied to the mechamcal design of the ESP 

H~ghlights of the mechmcal design features mcorporated in a modem Western des~gn ESP are 
illustrated m the E h b ~ t  1 3-4 provlded by the General Electnc Company These features lnclude 
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R~gidly mounted twisted bar Discharge Electrodes supported In a tubular mast assembly 
This provides uniform corona discharge with h~gh voltage-low current charactenstics along 
with hgh reliability 

hg~d-Frame  Collectmg Plate, up to 14 6 meters in height, provrde the surface for 
collection of the charged ash paltlcles Plate spacmg 1s normally 305 mm or 405 rnm (center 
to center) Ths  integrated panel design IS produced in plate lengths from 1 8 meters to 2 7 
meters The "roll formed profile" provides a quiescent flow zone directly opposite the 
discharge electrodes to improve efficiency 

External ash removal Rappmg System utilizes roof mounted mdiwdually controlled, hghly 
sectionallzed electromagnetic impact rappers whch features on-lme intensity and rapping 
frequency controls for optimum performance 

Casing design featuring Sneakby Bames ~n the roof, the ash hoppers and at the sides to 
prevent ash contaimng flue gas from bypassing the electncal fields Bypassing can have a 
sigmficant impact on the abdity to acheve dust collection efficiencies in the range of 99 9 % 

MuIt~ple F~eids m the direction of gas flow will improve the performance of the ESP by 
alloulng application of opt~mum voltage to each field A hgh efficiency ESP may have some 
6 to 8 mdependent electncal fields in each cell In addition, increasing the number of fields 
reduces the effect on collection efficiency caused by an electncal failure to a single field 

A typical Western design, for a hgh efficiency ESP has also been prowded by the General Electnc 
Company for a 500 MWe monoblock boder finng low sulfir, h~gh ash coal The deslgn and 
performance charactenstics are presented in Exh~blt 1 3-5 Each of the eight field ESP's is powered 
by 16 inde endent transformer-rectfier sets Also of interest are the overall dimensions of each Ls 48,800 m precipitators Each contans about 30 % greater plate area than the Type 3I'3 -4-265 -04 
ESP's presently installed on smlar sue boilers in Kazakstan, whle occupyrng almost the same plot 
area 

1 4 Flue Gas conditiomng 

Flue gas conditiomng can reduce collection plate size sigmficantly by reducmg the reslstiwty of the 
fly ash Flue gas conditiomg, utilrzes the add~tion of a small amount of SO3 (less than 10 ppm) 
whch deposits on the surface of the ash as sulfunc acid Ths  technology has been widely applied in 
Western countnes and is especially effectwe when low ash collection efficiency is the result of finng 
low sulfur coal (hgh reslstiwty ash) Application of t h s  technology requlres a source of elemental 
sulhr, either in molten or granular solid form to be utihzed for the production of the required SO3 
Thecost and avadability of sulfir is important to consider when thls technology is under 
investigation 

The technology is descnbed m detal by one of the suppliers of the conditiomng systems, Wahlco 
(Exhlbit 1 4-1) It 1s often applied in cases where the sulfur content of the he1 fired has been 
reduced to meet sub dioxlde emssion lirmts and ESP performance has been adversely lmpacted 
It IS estimated that flue gas conditiontng can reduce the collection plate area required to acheve a 
spectfic efficiency by as much as 30 to 40 % 
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1 5 Fabric Filters 

H~ghlights of fabnc filter technology are presented In Evhtbit 1 5-1 As descrtbed In the 
Introduction fabnc filters represent the most versatile technolog for the removal of sohd 
particulate matter from a gas stream No particle 1s too large and few are too small for efficient 
collection and the technology is most effective when cleamng parttculate matter wth  a wide range in 
particle size distribution Selection of the fiber matenal and constructton type (woven or felt) is of 
great importance in the application of t h s  technology since the dust is to be removed from a hot 
potentially corrosive flue gas stream A listing of modem fibers and their properties IS presented in 
Exhibit 1 5-2 

Removal of particulates from a r  by fabnc filtration is a well established technology whlch has been 
applied to boder flue gas for the past 15 - 20 years The filtration process is descnbed in Exh~b~t 
1 5-3 

Fabric filtration methods are categonzed by the type of bag cleanlng whlch, in turn is detemuned by 
the flow of flue gas through the fabnc bag When "dirty", flue gas contamng ash flows into the bag 
and the dust is collected on the inside surface of the bag the method is referred to as Reverse Gas 
filtration Bag cleamg is accomplished by directmg a "reverse flow" of clean flue gas to the outside 
of the bag, causing the bag to partially collapse and the collected dust to fall lnto the hopper below 
a necessary feature of such a system is the requirement that the flow of drty flue gas be d~scontinued 
dunng the reverse gas clemng Key features of t h s  system are descnbed in Exh~bit 1 5-4 

An alternative bag arrangement features the collection of dust on the outside of the filter bag with 
the flue gas flowng from the outside to the lnside This design requires the bags to be supported on 
m e  cages to prevent collapse dunng normal £iltration Clemng of the bags may be accomphshed 
by applymg a short "pulse" of air to the inside of the bag, causing the bag to expand slightly away 
from the surface of the wre  cage and the dust to be shed from the outside surface Smce ths  pulse 
is apphed for less than one second, and the ax is at a hgher pressure than the flowmg flue gas, it is 
not necessary to discontmue the flow of dlrty flue gas dunng the clemng operation Key features of 
t h s  Pulse Jet system are descnbed m Exh~bit 1 5-5 

Fdter design and s~zmg issues are discussed m Exhlbit 1 5-6 Reverse gas fabnc filters typically are 
slzed to provlde a flue gas to fabnc surface ratio of 0 01 cubic meterslsecond per square meter of 
cloth (0 01 meterslsec veloc~ty through the cloth) Smce clearung is camed out wthout flue gas 
flow m the compartment being cleaned, t h s  ratlo is applied to thel'net" surface area available for 
cleanlng, not the total, or "gross" surface area In the past, reverse gas filtration was the technology 
of choice for new power plants applymg fabnc filter ash collection 

Pulse jet fabnc filters operate at lugher velocities (0 02 meterslsec ) and so require less cloth area 
Since they are cleaned while m operation, no adjustment m area is required to account for the bags 
bemg cleaned Ths  results in a considerable reduction m filter slze @lot area) and cost and the pulse 
jet design has recently become the technology of choice for utllrty applications, especially in retrofit 
situations 

Each filter bpg in a pulse jet installation would be 6 to 7 meters m length w t h  a d~ameter of about 
110 mrn, provldlng a surface area of about 2 2 square meters A 500 MWe boder, dischargmg over 
3 mllion cubic meters per hour of flue gas, would require some 44,000 square meters of filter 
surface area or about 20,000 lndivldual filter bags These filter bags would be arranged m mdiwdual 

4 
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compartments wtthin a number of fabr~c filter caslngs The estimated plot area requirements for 
such a design would be sigmficantlv less than that of a hlgh effic~ency electrostatic precipitator (less 
than 1,200 square meters) with sigmficant flextbtlity in the arrangement of the compartments Dust 
collection efficiency would of course exceed that whch could be acheved wtth any electrostatic 
precipltator 

The relat~vely small plot area requtrements and the flexlbiltty in arranging the fabnc filter 
compartments has led to the constderat~on of the retrofit of fabnc filtrat~on system Into the exlsting 
casing of a low effictency electrostattc precipitator and several such retrofits have been successfdly 
demonstrated Exh~bit 1 5-7 descnbes the such a retrofit to the 350 MWe Munmorah station in 
Australia where fabnc filter bags replaced the tnternals of the exlsttng electrostat~c precipitator 
whch had a collection plate area of less than 80 square meterstcubic meter per second flue gas flow 
Whlle such a retrofit should be senously considered where electrostatic preclpttator effic~ency 1s 
unsat~sfactory, its application requires that the exlstmg precipltator casings be in good phys~cal 
condition and that the system is capable of operating w t h  the increase m flue gas stde pressure drop 
(150 mrn water) requlred to operate a fabnc filter system 

1 6 Combined Technologes (ESP plus Fabnc F~lter) 

Increasing pressure to reduce particulate emsslons from exlstmg coal fired boilers equipped wth  
electrostatic precipitators has resulted in the development of a new approach combmng the 
functtomng electrostatic precipttators wth  a retrofit fabnc filter system Ths  technology, Compact 
Hybnd PArticulate Collector (COHPAC) ~nvolves the installation of a Compact Pulse Jet Fabnc 
Ftlter downstream of the operatmg ESP to act as a particulate "pohshng" or performance enhancmg 
devlce Where the exlst~ng ESP removes a sigmficant porhon of the fly ash fiom the flue gas, and 
only a relatively small amount remans to be removed, the pulse jet fabnc filter bags can be sized for 
s~pficant ly lugher flue gas velocity than where a fill dust cake is to be collected on the fabnc 
surface 

The COHPAC concept has been demonstrated on a full slze 574 W e  hgrute boiler in the US and a 
descnption of the apphcation is prowded in Exh~bit 1 6-1 The reduced ash loading allows the flue 
gas velocity through the fabnc to be mcreased from the typical value of 0 02 meterslsec to as hlgh 
as 0 06 meterstsec , reducing the number of filter bags requ~red by a factor of 3 Economc 
evaluations have suggested that ths  approach IS more cost effective than e~ther adding an addittonal 
electrostat~c precipitator, is senes w th  the exlstmg one, or replacing the ESP entirely wth a new 
pulse jet fabnc filter As m other appltcations where fabnc filter technology is considered, the hgher 
gas stde pressure increase may requlre replacement of the exlstlng bo~ler ID fans 

For the cases under constderat~on in Kazakstan, where outlet ash concentrations fiom the exlsting 
dust collect~on equipment exceed 2,000 mgiNm3, or where the flue gas contans moisture from the 
wet dust collectton system, it is unhkely that the COHPAC technology could be successfully applted 

1 7 Compmson of Alternat~ve Technologes 

The World Bank has completed a p r e b a r y  investigation of alternatwe part~culate control 
technolog~es and has concluded that dry dust collection technologes, u t r h g  e~ther electrostatic 
preclpltators or fabnc filters, are preferred (Exhibit 1 7-1) Both technolges can acheve the low 
emssion level requrred to meet stnct emsston standards Investment and !evelized operating cost 
compmsons (Exh~b~t 1 7-2) suggest that to acheve hlgh ash removal effhencies when frnng low 

4 
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sulfur fuels, the fabric filter technolosy may be the most cost effective Since economc e\aluations 
are hlghlv slte spec~fic care should be taben in applvins these conclus~ons the installations in 
Kazabstan however 
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Typ~cal curnutatlve mass versus slze d~str~butron of fly ash panicles generated by combustion 01 
pulverrzed coal 



I!. PRINCIPLES OF 
OPERATlON 

The basic prrncrple of electros1atrc 
preclpltator Operatlon IS the same 
regardless of applrcatron There are three 
separate and drstlnct phases whlch are 
funaarnental to electrostarrc precrpltatron 
1) The negatwe electrrcal chargrng of the 

aerosol partlcle by the ernrttrng 
electrode 

2) The rnrgratron or drrft of the charged 
partlcle to lhe grounded collectrng 
electrode because of the mfluence of 
an electrrcal f~eld 

3) The removal of the accumulated 
part~culate from the collectrng plate to 
the hopper by perlodrc rnechanrcal 
Impact 

The prec~p~tator rtself can be described as 
a large box contalnlng rows of parallel 
collectrng electrodes (plates) between 
whrch passes the drrty gas Centered 
between each row of collect~ng 
electrodes are ernlttlng electrodes (w~res) 
r h~ch are charged negatively wrth 
unrd~rectronal electrrc power from a 
transformer rectrf~er and a high voltage 
control system 

COLLECTING PLATE ELECTRODE 
EMIlTING WIRE 

COLLECTING 
PLATE ELECTRODE 

The voltage applred to the emrttlng wires 
rs In the range of 30 000 volts to 70 000 
volts wlth currents rangrng from 200 to 
3000 mrllramperes per fleld The collectrng 
plates are electrrcally grounded The hrgh 
voltage negatlve DC generates a corona 
field at each wire whrch Induces a flow of 
negative rons from the wrres to the 
collectrng plates As dust particles pass 
between the rows of plates they collrde 
wlth gaseous Ions whrch adhere glvlng 
them a negat~ve charge The charged & s t  
partrcles are then attracted to a collectrg 
plate where they accumulate to fonn a 
layer Perrodtcally the collectrng plate 1s 
rapped by trmed impactors and the layer 
of accumulated dust slrdes dchmward 
until ~t falls Into t h ~  hopper 

Preciprtator Schematic 
Fronr Elevatron 

Precipltafor Scnemat~c 
Section A A 





Srnce the electrostatrc precipitator applies 
the force for separatron drrectly on the 
partrculate its operatron requrres less 
energy than other methods of separation 
The followrng terms pertain to the lour 
drmensions generally used when 
describrng the effectrve treatment area of 
a precrprtator 

Effect~ve 
Treatment Area 

Effect~ve length -Total length of 
collectrng surface measured in the 
drrectron of gas flow 
Effect~ve height Total herght of 
collectrng surface measurw from top 
to bottom 
Effective width Total number of gas 
passages multrpled by the center to- 
center spacrng of the collectrng 
surfaces 
Effective cross sectional area 
Eff ectrve wrdth t~mes effectwe herght 

Specific collecting area -(SCA) IS the 
pate treatment area per 1000 cubic feet 
of gas and IS a factor used In srzrr;g 
precrprtators 



Transformer Rectifiers 
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DI 
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Collectrng Plates -----/ 
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EIectrode Cleanrng Systems 

Access Provrsions 



Exhlblt 1 3-4 GE Envimmentd Systems 

Drscharge Electrodes 

Twisted square bar electrodes prov~de un~form corona dischxge ~ 1 1 t h  high 
voltage-low current elecmcal charactenst~cs R ~ g d l v  mounted In tubular mast 
assemblies, thls rugged electrode confi,ourmon features low power consumption 
and h g h  rellabillty 

EMlmNG 
ELECTRODE 



Exhlblt 1 3-4 GE Envmnmentd Systems 

Integrated panel design provldes unlform rapplng energy dlstnbutlon tor 
controlled, optimized plate cleaning Roll formed profile provides qurescent 
flow zone dlrectly opposite the d~scharge eIectrodes to enhance collection and 
rmnimlzed re-entrainment 

Type BE Rlg~d-Frame Collectmg Plate 
I n n i 

PLAN VIEW - 1; 4 

(*) 6' wlth 4 - 18" 4 plates shown, 9' with 6 - 18" plates is slrpllar 



GE Envrmnmentd Systems 

Collectrng Plates 

Collectmg plates are rapped at the top-center bv d verncal irnpdcr torce applied to 
the plate support header beam R q d  transmission paths into each 18 ~nch w~de  
panel maximlze the unlform d~srnbutlon of cleanmg energy without requlnng 
excesswe impact force T h ~ s  cieanlng system des~gn provides 

effecnve cleaning at low impact leveis 

extra margin to respond to upset condltlonj requlnng higher enerp, levels 

removal of even the most tenacious of particler 

Model Be Rlgld Frame Coliecttng System 
FRONT ELEVATION 

CENTER IMPACT POINT 

PLAN VIEW 
IMPACT 

DlSTRlBUTlON 
BEAM WELDED 

CONNECTION 

- 2 112 DIA R O D  

COLLECTING 
PIATE 

003077 



Gi Envrmnmentd Systems 

Electrode CIeanrng System 

System Desrgn 

The GE collecting plate and discharge electrode cleanmg svstems ut~lrze 
effectwe and rel~able electromagnetic impact rappers to dislodge accumuIated 
ash These roof mounted rappers generate cleanmg forces by the gravltv drop of a 
cvlindncal steel mpactor Each impactor we~ghs 20 Ibs and 1s 
electromagneticalIy lifted from 0 to 12 inches which provrdes 0 - 20 foot-pounds 
of impact force adjustability Indivrdual rapper lmpact Intensitv IS s~mplv 
adjusted bv controll~ng the height of hft setting 

Electromagnet~c Impact Rapper Assembly 



Gr' Env~mnmental Systems 

Electrode CIeanzng Systems 

Ash removal from the collecting plates and d~scharge electrodes IS e:fscnvelv 
accomplished bv roof mounted eiecrromagnetIc Impact rappers GE roor 
mounted rappers feature on-lrne lntensitv and frequencv adjustment and 
mspectlon/service capabllitles The eiectromagnerlc rapper svstem 1s Ideallv 
sulted for use with the GE Intelligent Preclpltator control svstem to prov~de 
operating adjustments via automanc programmed control strxezles or remote - 
operator command 

Model BE Rlgld Frame Rappmg Systems 

IF-, 
E M l l l l N G  SYSTEM 1 , RAPPER 



Caszng Design 

R l g d  modular slde panel des~gn features b o k a  consrrx Ion pnor ro h e ~ i  

welding Structural wide flange root consmctlon rnamralns proDev ugrlmeyr - 
and supporr of collecnn,o plrlre and d l s c h q e  elecrroae SvsieTs 

BAFFLES ADDED TO PREVENT 
/ SNEAKBY 

EFFECTIVE TREATUENTAREA I 
I 

BAFFLES 

Gas Drstnbuhon 

Gas flow control devlces quaIified by up-to-date modeling rechniques help 
achieve un~form gas veloclty throughout the treatment zone to prov~de hlghest 
efficiency and muurnurn pressure drop 

TURHING 

EMITTING 
PERFORATED P L A E S  

COLLECTING 
ELECTRODE 'X'Xm 

Gas Flow Correct~on Dev~ces 

SNEAKBY BAFFLE 

OUTLET 

I I I. .......*... I 



GE hwmnmentd Systems 

Control Flexz bzllty 

The lrnpact intensity and frequency of each rapper can be indlv~dually adjusted 
by manual or automanc control On-line adjustment capability provided by this 
design allows precise rapper semngs to optimlze performance under varying " 
operatmg condinons In addmon to optimum system performance, this control 
flexibdity can rnaxirnlze component llfe 

Flex~ble/Prograrnmable Rappmg 
Vanable Intensity, Frequency and Sequence 

HGH CONCENTRAllON I MEDIUM COmENmATlON I LOW CONCENTRATION 
COARSE PARTICLES MEDIUM SZE PARTICLES FINE PARTICLES 

RAPPER ADJUSTMENT RANGES 
lntenstty - 0 to 20 f t  - Ibs Impact Force 
Frequency- 1 mm to 100 mln in 1 mln Increments 
Sequence - Slde-to s~de and Front-to-back 

Collectmg Rapper System Operates Independently of Em~ttmg Rapper Sys- 
tern 



GE Env~ronmentd Svstens rs pieasea to submt the foilo~rng buageran prouosal tor 
E1ec:rostatic Precmtators to be rnstalled on one (1) 500 hni' coai fired boiler tor a hazahstan 
Power Plant Thls proposal is m response to vour Request for Proposal dared \larcll 6 1096 

The prelimmaw size to meet the specdied deslgn parameters for one (1) 500 hfW bo~ler is nvo (3) 
GE Model No BE1 2u38(12)48-(8x1 3-4 4P Electrostatlc Precipitators Each of the two (2)  
Electrostatlc Prec~pltators (ESP's) wll have sixteen (16) 55 KV DC transformer-rect~fiers 

Deszgn/Performance Parameters per Borler 

Technzcal Data 

Gas Volume 1 1 960 000 a c h  925 12 h ' l s e c  
I 

- 
Gas Temperamre 284°F 140°C 
Operatme Pressure 1 -11S"WG -;OOMMWG I 
Collecting Plate Area 
SCA 
Gas Veloclty 
Aspect Rabo 
Met Dust Loadlng (ma-) 
EEcrency % 
Outlet Stopper 

, 2 d I - - 
Electromagnetic Impact Rappers 96 / 208 1 

1 050 624 ftL 97 603 M~ 
536 ft" / 1 000 acfin 105 5 M~/M' /S~C 

4 48 Wsec 1 366 Wsec 
1 5  

17 45 gdacf  62 500 me/NmJ 
99 84 

100 me/Nm' 

Constructron Deszfn 
No of ESP's per Boder - 
Chambers per ESP 
No of Electrical Flelds m Depth 
TR sets per ESP's 
Fleld Height 
Cells per Chamber Width 
Bus Sections per Chamber 
Gas Passages per ESP / Spaclng 
No of Hoppers per ESP 
H O D D ~ ~  Vailev Ande 

I 1 80'-2" (24 43M) Width I 

Two (2) 
One (1) 

E~eht (8) 
Surteen (1 6) 

48'-0" (14 63M) 
Two (2) 

Surteen ( 16) 
76 / 12" (3 04 8 rnm) 

S~cteen (16) 
5 50 

Ermttmg 1 Collectmg (per ~5%) 
Approximate Dunensions (per ESP) 

I 78'-3" (23 85M) Helght ** 
(*) lncludlnq iletfoutlet tramtion duct nozzles 
(**) Hopper Outlet flange to top of penthouse roof 

117'-0" (35 66 m) length * 
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PEClPlTATDRS ARE 
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* 
GAS FLOW 

PRECIPITATOR 'A' 

KVA KVA I D c I l  
* 

GAS FLOW 

PRECIPITATOR '0' 

P M R I N G  ARRANGEMENT DIAGRAM 
ALL TR S ARE 55KV-OC 



What 1s Flue Gas 
Conditroning? 

Flue :-I\ condirionin, I \  rhe 
concrolld injection ot sinall qumricies 
ot sultur trio\ide into the flue gas 
stream reduclnp the resisrn in  ot rhe 
f l \  ash and permitting its collection in 

thc eustrng preclpmtor When flue 
gas conditionrng IS installed on unm 
thl t  ha le  s\r~tched co Ion sultur coal 
s h r  o d e  emlaslons are s~gnit~cantl\  
reduced compl) lng tt ith en\ Ironmen 
ral regulations and utilic\ standards 

"If regulat~ons tell me to 
reduce emissions of sulfur 
oxides, why should I rnlect 
them?" 

I t  s a common question The 
ansuer lies in the d~fterence beraeen 
sulfur dioxide and sulfur trioxide 
When h ~ g h  sulfur coals are burned 
the\ \ield large quantities of S O  but 
\ e n  small amounts of SO, 

This SO, however is herb 

important because it naturall\ 
combines w ~ t h  moisture in flue gas to 
create sulfuric acid This sulfuric acid 
(H SO,) is deposited on fl\ ash 
p~rticles to form a chin conducrwe 
tilm uhich lowers the elecrr~cal 
resistance of the ash allou ing i t  to be 
read~l) collected b\ eleccrostaric 
preclpitatlon 

When lou sultur coals are burned 
natural SO le\ els are reduced ro the 
point that the, no loncer can create 
enough H SO, to properh condirion 
the fli 3sh and reduce ~ r s  reslsti\ ~ t \  
Hich resiscn it\ ash pmes  chrouch 
precipitarors si ed tor high sultur coal 
creqting unacceptahle emissions 

Sulrur trioxide FCC sksrems a 

Je, eloped and parented h\ Vc ahlco 
inject into the gas stream small 
quancitles of S O  This neuli 
inrroduced S O  reqcts in the same ua\  
1 naturdl\ occurrlnk SO, louerin:. 
ish resisti\ it) and ~ l l o u  in: eas1 
colltcr ion 

Typ~cal Sulfur Ox~de Ern~ss~ons 
from Coal Burning Boders 

Flu gas condlrlonrnji docs Increase emusion 
lerels of s u l ~ u r  oxldes (SO or SO,) 

m i c a 1  Flv Ash Resistivitv 

BEST AVAILABLE COPY 



Fiue G a s  
Conditioning 
Basics 

Low Sulfur CoaI 

Why Is Flue Gas 
Cond~tronlng Needed? 

Bummg coal to produce e lec t r~c~t)  
causes the emlsslon of sulfur ox~des 
such as sulfur d ~ o x ~ d e  and sulfur 
criowde or a c ~ d  gas T h ~ s  gas 1s carr~ed 
Into the atmosphere along w ~ t h  fl) ash 
generated from the combusrmn ot the 
coal When these a c ~ d  gases combme 

~ r h  mnlsture In the armosphere the) 
torm d~lure  solur~ons of sultur~c a c ~ d  or 
acld ram u hlch fall b a d  to earrh 

d ~ m ~ r ~ n g  the en\ lronmenr 
H ~ g h  sultur coal has tradlrlonall\ 

been rhr s t m h r d  tuel tor coal t~red 
bo11t.r. 3rd the fl\ abh produced trom 
th15 furl I \  re?slll\ collecrable In 
elecrrostar~~ preclpcarors Renul?r~anc 
rercrlcrln, sultur ci~ovlile emmlons are 
hem: ~mplemenreil aor l i ln~dr  In 3n 
attempt to compl~ \I ~ t h  these new 
I ~ m ~ t l r ~ o n s  the p w c r  ~ndustn  ha 
h g u n  rht w ~ c c h  to h e r  sultur cmI3 
Lou wltur coll rends ro zenerlte more 
f l \  ~ s h  ~ n d  flue ~ 3 5  per mek7u-nt 
Bec iuse ot the h~gher  reslstl\ Ir\ ot thl 
~ b h  ~r IS d~ftlcult m collect In e\lstlng 
p r c c l p r ~ r a r ~  

' Tu (1 mlut~ons  Ire t o  Install much 
I lr:cr inli more expensne preclplrlror\ 

' cir t I ~ I L  t ~ l t ~ r  tor ~o l l cc r~ t in  t l t  tht f l \  
141 4mxhcr morc ci)rr cttecrnc 
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Ash 

Flue gas condltlonmg restores the 
collecr~on efficiency of the preclprtators 
to pertorrnance levels constscent w ~ t h  the 
fmng of h ~ g h  sulfur coal 

Wahlco offers a u ~ d e  varrety of 
methods to create sulfur t r ~ o x ~ d e  for 
~n jec t~on  each suned to vanlng ut~llc\ 
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Granular Sulfur 
Flue Gas 
Condi)ioning 

Holdlng 
Tank 

SO, Gas 
TO 

Probes 

S~m~lifies Mamtenance, 
Reduces Auxhary 
Equipment, An Alternative 
for Today's Lean Operatmg 
Environment 

\tan\ eleccr~c ur~lmes have been 
re cngineerlng and downslz~ng che~r 
operations reducing the number of 
perwnnel available to malntaln 
auvll~an equlpment For these utlllties 
a d n  granular altemat~ve to tradmonal 
molten sulfur feedstocks may be 
attraccne Granular sulfur eliminates 
the need tor malntalnlng steam coils 
steam jacketed pumps associated traps 
and Jralns as well as the actual steam 
wpph 

Worldwide Experience W~th  
Dry Granular Sulfur 

In North Amer~ca the feedstock of 
cho~ce has always been molten sulfur 
However because of a Ilmiced supplr, of 
molten sulfur some overseas Wahlco 
flue gas condi t~on~ng systems have 
successfully employed granular sulfur 
Wahlco IS the onl, suppller of FCC 
equlpment w~ch commerc~al evperl 
ence usmg dry sulfur feedstock 

'lue 

Reliable Desrgn Provides 
Superror Availability 

Wahlco s granular sulfur s w e m  
uses our sulfur burner/con\ erter 
des~gn proven on over three hunJreJ 
systems over more than tun decade:, 
while st111 taking ad~antage ot J Jrt 
storage and dellvery process Lihe J I I  
Wahlco FGC des~gns we b3cL our d n  
sulfur systems w ~ t h  a r15k free 
preclprracor pertormance Luaranter a:, 
well as a 93% equlpment a\ailah~l~cr 
guarantee 

WAHLCO =Ty 
BEST AVAILABLE COPY 



SECTION 2 - NITROGEN OXIDE EMISSION CONTROL 

2 1 Background - 

2 1 1 Effect of Nltrogen Oxldes 

Nitrogen oxldes in the atmosphere consist pnmarily of mtric oxide (NO) and nltrogen dioxlde 
(NO2) These two forms of gaseous mtrogen oxldes are significant pollutants In the lower 
atmosphere Although at the point of discharge from man-made sources most mtrogen oxlde is in 
the form of NO, thls is readily converted to NO2 by reaction wth ozone present in the atmosphere 
Srnce the actual ratio of NO to NO2 is not always predictable, mtrogen oxldes are frequently 
designated as NOx When expressing NOx concentratlons m umts of mass, the concentration 1s 
always expressed as though mtrogen dioxlde (NO2) was the only form present Nltrogen dloxlde IS 

generally considered to be the more harmful for of the pollutant In additlon to its properties as a 
strong oxtdant, it combmes wth water m the atmosphere to form mtnc ac~d 

Most of the NOx found in our environment is produced by natural phenomenon such as hghtmng, 
biologcal process and volcamc activity Only about 10 % of NOx emssions are from man-made 
sources and about 50 % of these emssions are fiom foss~l fired heat and power plants The other 
major source is fiom motor vehcle exhaust 

Nitrogen oxldes, in concentrations normally found m outdoor ambient air, has not been 
demonstrated to have a sigdicant harmful effect on humans or mmals and the physiologcal effects 
of NO& where they have been identified, appear related to short term hgh concentrahon exposure 
rather than to long duration exposure at lower concentratlons Both mtnc acid and ozone, produced 
by reaction of mtrogen dioxde, have been demonstrated to have a far greater Impact on human, 
ammal and plant Me In fact, ground level ozone 1s among the most t o m  pollutants regulated under 
a r  quahty guidelines In many urban areas, activities associated wth  the control of NOx emssions 
are duectly related to the presence of unhealthy concentrations of ozone m the ambient alr The 
chenucal activlty of NOx m the atmosphere 1s shown m Exhibit 2 1-1 

2 1 2 Regulation of Nitrogen Oxtdes m the Atmosphere 

Ambient sur quality standards are generally estabhshed to llrmt the allowable concentration of 
mtrogen oxldes NOx concentration l m t s  may mclude values for both short term exposure (1 hour 
and 24 hours), as we and long term exposure (annual average) The World Health Orgamzation 
(WHO) the US EPA as well as other orgarmation have developed reference standards for NOx 
concentratlons whch may serve as guidelmes to countries preparing or revlsrng their ambient atr 
qual~ty standards When evaluating the Impact of a new or operatmg source on the air quality it 
should be remembered that there are many potential source of NOx contnbutmg to the measured 
concentration, especially m urban areas, and the Impact of the power station may be relatively small 
when compared w t h  these other sources 

2 1 3 Ermssion Lirmts 

Since emsslons of mtrogen oxldes fiom fossll fired power stations can be relatively difficult to 
control when compared wth  particulate emssions for example, World Bank emssion standards for 
a fossd plant or umt include the followmg requuements 
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FUEL 

Coal 

Umted States emssion limts for Exsting Coal-Fired Plants have recently been set as follows 
1995 Wall Fired Umts - 61 0 mg/Nm 3 
1995 Tangential Fired Umts - 550 mg/Nm 3 
Limts for other type boilers, and for 2000 and beyond are still under consideration 

Oil 

Gas 

These emssion limts have been set w th  full consideration of the fact that the limts can be achleved 
by carehl control of the combustion process and that costly, post combustion control technologies 
would not be requlred 

PRESENT LIMIT 
m.gNrn3 

73 5 

Umted States emsslon limts for New Coal-Flred Plants are lower They are normally based on Best 
Control Technology with the enwonmental agency frequently specifying the re unred control 3 technology For new bollers emssion llrmts have been set as low as 200 m m r n  In some cases 

PROPOSED LIMITS( 1 995) 
m m m 3  

650 

3 60 

240 

Proposed Kazakstan emssion limts have also been set quite low, 

3 60 

240 

1 COAL I 240 I 
FUEL 

1 GAS I 125 I 

PROPOSED LIMITS, mmm3 

These emssion llmts would, in general require post combustion controls to be applied to the flue 
gases 

In contrast to ermsslons of particulate matter, whch is dependent upon the non-combustible nuneral 
content of the kel, and sufir  oxldes, whlch are dependent upon the s u h r  content of the fuel, 
oxldes of mtrogen formed dunng cornbushon are not specdically related to the composition of the 
fuel burned 

There are two mam sources of NOx formation m combustion, thermal NOx and fuel NOx Thermal 
NOx is produced %om the molecular mtrogen in the combustion alr and its formation is very 
strongly dependent on the combustion temperature, wth  hgher combustion temperatures producing 
greater amounts of NOx Fuel NOx is produced by the combustion of orgamc mtrogen compounds 
found m the fitel Its formation is dependent on the amount of mtrogen in the he1 and the 
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concentration of oxygen present during combustion, with fuel nch combustion conditions (low 
excess air) producing lower emssions of NOx 

The complex NOx chemstry scheme is shown ~n Exh~bit 2 2-1 Production of NOx can be 
controlled dunng combustion by maintaimng a low temperature and low excess au, by the use of 
staged combustion Whlle staged combustion reduces NOx production, it may have unfavorable 
side effects producing Increased emsslons of CO and hgher concentrations of unburned carbon 
both the result of less complete combustlon 

It should also be understood that the oxidation reactions producmg NOx dunng combustton are 
revers~ble and that NOx formed m one area of the furnace, at oxtdizmg conditions, can be reduced 
by modifying the conditions m the furnace to produce a reducmg atmosphere Nitrogen oxldes 
passing through such an envuonment are reduced to harmless elemental mtrogen (N2) 

Technologes available for the reduction of NOx emssions are generally of two basic types 

. Combustion Control Technologes . Post Combustion Control Technologies 

Since post combustlon control technologes generally require the mtroduction of a chemcal agent to 
reduce the NOx, operatmg costs are an Important consideration For that reason, attent~on is usually 
gven to the application of combustion control technologes to acheve the maxlmum reduction in 
NOx emssions before post combustion control technologes are apphed, thereby hrmtmg the 
requuements and cost of chermcal agents 

2 3 Combustlon Control Technologies 

Combustion modification techmques and equipment developed to reduce NOx production are based 
on mamtamng a low temperature combustion zone and low excess au by the use of staged 
combustion Staged combustion delays the m n g  of fbel and combustlon ax, creatmg an imtial he1 
nch combustion zone wth  alr added downstream to complete the combustion The stagmg may be 
accomplished by several methods, both by stagmg the fueVar mxture as part of the burner design 
and by hmting the total au flow to the burner, mtroducmg additional combustion au mto the furnace 
downsteam of the burners 

In addition, the method of stagng depends upon the type of boller firing system since wall fired 
boilers, u t h n g  indiwdual burners are fired differently from tangentially fired bollers utdivng fuel 
injection nozzles Both types of systems are described below 

2 3 1 Wall Flred Boders 

Wall mounted coal fired burners, designed for hlgh combustion efficiency wthout regard for NOx 
production, produce a short, hlgh temperature turbulent fire ball flame wth  m the furnace Low 
NOx burners (LNB), by contrast, produce a longer, cooler flame Such LNB's all have several 
features in common 

. A means of introduction of ax and fie1 whch slows the rate of m n g  
A reduced concentration of oxygen (combustion au) m cntical NOx formation zones . A means of reducing the amount of fuel burnt at peak flame temperatures 



Key features of a Low NOx wall fired burner are shown in Exhib~t 2 3- 1 whde add~tional details of a 
commerctally avallable burner, manufactured by Babcocb & W~lcox (DRB-XCL) are shown In 

E h b i t  2 3-2 Such burner designs are avallable from a number of manufacturers It should be 
noted that the control of air flow rates to each of the combustion zones is an important requirement 
of such burners 

NOx production can be further reduced by injection of overfire alr in the furnace area above the 
mam burner cornbustlon zone In thls concept, a portion (10 to 20 %) of the cornbustlon air, whch 
normally 1s used as secondary air to the burners, 1s routed instead to a speclal windbox wlth ports 
andor nozzIes mounted above the burners Ths vertical alr stagmg reduces the stolchometry In the 
m m  cornbustlon zone where both fuel NOx and thermal NOx are formed Overall combustion of 
the fuel 1s not changed s~pficantly but less NOx IS formed due to the reduced availabhty of oxygen 
in the hlgh temperature combust~on zone Fuel cornbustlon is completed, at lower temperature, m 
the overfire atr zone A typical overfire air system 1s shown m Exhtb~t 2 3-3 

Performance of low NOx combustlon systems have been demonstrated m a number large ut~lity 
boiler ~nstallat~ons and have been studled In detad m a program funded by the US Department of 
Energy (DOE) at the 500 MWe Plant Hammond coal fired bo~ler The study indicates the followng 
results can be achleved (Exhlbit 2 3-4) 

NOx Ermsslons NOx Ermssions 
Test Envlronrnent NOx Ermssion Reduct~on, % lb/mmB TU m@m3 

Baselme - 1 20 1475 

Overfire Au (OFA) 24 0 91 1120 

LNl3's 48 0 63 775 

LNl3's + OFA 67 0 40 490 

2 3 2 Tangent~ally Fred Boilers 

Staged cornbustlon and overfire a r  can also be apphed m tangentially fired furnaces to acheve NOx 
reduction Combustion Engmeenng (ABBICE) has developed a "Concentnc Fmng System" whlch 
combined wth  overfire a r  optIrmzes NOx reduction capablllty of exlstlng umts whle mmmzlng 
umt modifications Thls system uses bulk furnace stagmg m whch a port~on of the combustlon air, 
usually lntroduced m the combustlon zone, is diverted to delay the alr-fuel mmng process A 
portion of the secondary a r  1s dlverted away from the fuel stream towards the furnace water-wall 
tubes A he1 nch regron, w th  lmted oxygen is created m the center of the fbrnace and th s  IS 

surrounded by a fuel lean zone contatmng the d~verted (offset) combustion air (Exh~blt 2 3-5) 

As m the case of wall fied bollers, a portion of the secondary combustion a r  may be Introduced 
above the man cornbustlon zone for delayed mwng and to complete combust~on The ABB/CE 
designat~on for these technologes IS the Low NOx Concentnc Flnng System (LNCFS) and several 
"levels" of stagmg are described m E h b l t  2 3-6, along wth  an estimate of the effect~veness of each 
m reducmg NOx emssions Tests at the Lynn Haven 180 MWe power station(Exhtb1t 2 3-7), also 
sponsored by the US DOE, md~cate a reduction m NOx ermsslons of 45 %, from about 0 64 
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lb/mmBTU (785mginm3) to about 0 35 lb/rnmBTU (430 mgIhm3) Note that baselme NO\ 
emissions from tangentnllq fired boilers are normally less than from wall fired boilers even before 
the LNCFS technology is applied 

2 3 3 Additional Combustion Modification Technologes 

Reburmng uses staged fuel injection in whch a secondary fuel such as natural gas representing 
about 10 to 20 % of the total furnace heat ~nput, is injected above the mam burners Tlus creates a 
fuel nch, oxygen deficient "reducing" zone in the furnace where NOx formed in the pnmary 
combustion zone is chemcally decomposed to harmless elemental mtrogen by the incomplete 
combustion of the secondary &el Additional combustion air is then introduced as overfire air above 
the secondary he1 injectors to complete the combustion process wthout production of additional 
NOx 

Tlus gas rebumng technology is shown in some detad in Exhlbit 2 3-8 whch indicates that a 
reduction of more than 65 % (fiom 920 mg/Nm3 to about 300 mg/Nrn3) can be acheved by tlus 
technology 

2 3 4 Companson of Combustion Modification Technologies 

Exlubit 2 3-9 describes schematically each of these NOx reduction technologes and their expected 
effectiveness is summarized in Exhlbit 2 3 - 10 

Possible combustion control technologes apphcable to oil and gas fired boilers, although not 
discussed dunng the tramng program, are presented m Exlubit 2 3-1 1, and mclude, m addition to 
the technologies descnbed above, the use of Flue Gas Recirculation Thls technology introduces 
flue gas Into the combustion a r ,  dilutlng the oxygen content and reducing flame temperature 
Reducttons of 30 to 55 % fiom basehe NOx emssions are Indicted 

2 4 Post Combustion Control Technologies 

The methods of NOx ermssion reduction descnbed premously are designed to lirmt the formation of 
NOx dumg the combustion process wthm the hrnace Where the applications of such technologes 
do not acheve the required NOx emssion h u t ,  post combustion treament of the flue gas is requued 
to reduce the NOx afier it has been formed and before ~t is released to the enmronment Generally 
these methods are based on the chemcal reaction between ammoma gas (NH3) and NOx and may 
occur external to the boiler in a vessel contartllng catalyst, w t h n  the boiler m a thermally reactive 
zone or through the application of a combination of both technologes Selective Catalytic 
Reduction (SCR) of NOx as well as Selective Noncatalytic Reduction (SNCR), and the combined 
processes, are descnbed below 

2 4 1 Selective Catalytic Reduction 

Selectwe Catalytic Reduction (SCR) is recopzed worldmde as the most effective NOx emssion 
control technology for both utdity boders and combustion turbines The hlghly selective reaction 
between ammorua and mtrogen oxlde (4N0 + 4NH3 +02 - 4N2 + 6H20) produces no harmfbl 
byproducts and is capable of achevmg up to 90 % reduction m NOx emssions wth  amost no 
ermssion of excess arnmoma mto the atmosphere It is the only technology w t h  such potentially 
hgh  NOx reduction efficiency 
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Smce the reduction consumes more than 60 hilograms of pure ammonia for each 100 hilograms 
removed fiom the flue gas, lt usuallv considered most economical to apply the technology to bollers 
that have been designed to mininuze NOx production through low NOx combustion modifications 

The selective reaction occurs m the presence of specialized catalyst when flue gas containing NOx is 
contacted with arnrnoma In the temperature range of 300 to 400 "C, a temperature window normally 
found between the econonuzer outlet and the combustion air heater in a utility boiler application 
The catalyst IS normally Installed in blocks, or modules, in layers w~thln the reactor (Exh~bit 2 4-1) 
whlch is installed at that location (Exh~blt 2 4-2) 

The presence of fly ash in the flue gas, in hgh concentrations, Impacts both the chemcal and 
physlcal properties of the catalyst and sigmficant catalyst development efforts have been devoted to 
reducing both catalyst erosron and deactivation through p o ~ s o m g  smce catalyst replacement can 
have a sipficant effect on the overall NOx reduction costs An additional problem IS the 
undesirable ade reactlon caused by the catalyst where a small amount of SO2 in the flue gas is 
oxldlzed to SO3 and the potential subsequent reaction of the SO3 wth  arnrnoma in the flue gas to 
form ammomum bisulfite Ths undesirable matenal may cause atr heater pluggmg problems under 
certam cucumstances Catalyst improvements in recent years have been directed toward the 
reducbon in SO2 oxidation 

SCR technology has been wdely apphed in Germany and Japan where NOx emssion hmts are 
lower than can be acheved by low NOx combustion technology Expenence in the US and in other 
countnes is very limted Htghlights of the expenence of STEAG m Germany wth  SCR systems are 
presented in Exh~bit 2 4-3 

2 4 2 Selective Noncatalytic Reduction 

A sipficant reduction m mvestment cost is possible lf the NOx reduction wth  ammoma could be 
acheved wthout the requirement for catalyst (and the catalyst chamber) and th s  has resulted the 
development of noncatalytlc technology (SNCR) SNCR mvolves the mjection of arnrnoma, or an 
ammoma producing reagent such as urea, Into the flue gas in the upper h a c e  area where the 
temperature ranges fiom 850 to 1100 "C 

The reaction temperature is one of the most ~mportant performance vanables If the temperature is 
too cold, little reduction of NOx occurs and the mnjected ammoma passes through the system 
unreacted If the temperature is too hgh, a portion of the ammoma lqected is actually converted to 
NOx, increasmg the requirement for additional ammoma to hmt NOx emssions 

A more detailed descnption of the SNCR technology is found m E h b i t  2 4-4 A revlew of 
avatlable SNCR performance data mdicates that as mcreased NOx reduction is required, a large 
quantity of ammoma are requued and a sigmficant quantlty (shp) IS released Into the atmosphere 
Exhlb~t 2 4-5 suggests that a 25 % reduction m NOx can be acheved while h t m g  the ammoma 
release (shp) to 5 ppm but rncreasmg the emssion reduction to 37 5 % would mcrease the amrnoma 
release to 20 ppm An even more sipficant analysis are the chemcal requirements to achleve these 
emsslon hmts Thls evaluation mdicates that amrnoma requuements would almost 3 t~mes as great 
for the SNCR technology as for the SCR systems described previously (Reagent cost information 
presented m thls exlubit should not be used as reference slnce the SNCR technology is based on a 
much more costly source of amrnoma, a urea contammg reagent Instead of the lower cost arnrnoma) 
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The llmited NOx reduction capability of t h s  technology, along with ~ t s  Inefficient use of reagent and 
potential for additional pollution in the form of ammorua has lmted its appl~cation, especiallc for 
base loaded plants It is still a vlable technology however where 

A small reduction m NOx is required to meet emssion limts 
The boder is operated infrequently and has a low annual capacity factor 
Emssion lirmts vary w~th  the season and NOx reduct~on IS required only dunng 
certan months of the year, reducing annual operating costs 

2 4 3 Hybnd (or Combmed) Post Combustion Reduction Technologes 

Attempts have been made to combme the advantages of both SCR and SNCR by operatmg the 
SNCR technology wth  hgh ammoma slip whlle utllivng a small bed of NOx reducing catalyst 
downstream of the economzer to aclueve addlt~onal NOx reduction wlule, at the same time, 
reductng the arnmorua emsslons Ths  catalyst may be mtalled m the ductwork between the 
economzer and air heater, m the air heater itself or m both locations 

Exh~bit 2 4-6 indicates the speclfic configuration investigated at the PSE&G 320 MWe coal fired 
Mercer Station whde Exh~bit 2 4-7 provldes performance data for the combined Hybnd system 
Note that relatively hgh NOx emsaon reduct~ons can be achleved w t h  low ammoma shp when 
NOx reduction catalyst 1s present In the alr heater as a final "clean-up" treatment stage Information 
relatmg to reagent use is not presented m thls analysis Additronal system performance projections 
prepared by WAHLCO are presented m Exh~bit 2 4-8 

2 5 Companson of Alternative Technologes 

The World Bank has completed a p r e h a r y  investigation of alternative control technologes and 
has concluded that combustion modfications are the most cost effective methods for reducmg 
mtrogen oxlde emssions from coal fired boliers (Exh~b~t 2 5-1) These systems whch mclude low 
NOx burners, overfire au and combmations of both can acheve the proposed World Bank emsslon 
hmts of 650 rng/Nm3 In regons of poor ambient iur quahty, consideration may be gwen to stncter 
lmtat~ons on NOx emsslon for power plants but 1s should be remembered that power plants usually 
make only a mmor contnbut~on to ground level NOx or ozone concentrations, especially m urban 
areas, and that all sources of NOx should be mvest~gated before emsslon h u t s  from power plants 
are reduced to levels requmg the use of post combustion control technolog~es 
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NO2 
VERY SMALL 

AMOUNT 

Exhlblt 2 1-1 

N%+UV-b NO2 03+ H C - - b  ALDEHYDES 

NO2+ N O + O  OZONE - HC COMPLEX+ 

ALDEHYDES + ZWITTER - ION 
EYE IRRITATlOh 

0 + O 2 d O 3  i 
+ MORE ALDEHYDES AND 

03+ HO+NO$ O2 COMPLEX OTHER OXIDATION PRODUCTS ' ORGANICS 

AEROSOL 
NUCLEI 

r J I 

HC + 0 + NO2+ U V 

4 OXIDATION PRODUCfS _.IF 
OZONE + ALDEHYDES + GROWTH 

PEROXYKYL NITRATES ( PAN) b HAZE 

+ vXlDATlON PRODUCTS 

I 1 +I 
ACROtEiN, ETC - 

PLANT WMAGE 
PLANT DAMAGE AND EYE IRRITATION 
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DRB-XCL" Burner Mechmcal Design Features 
Components Femres /Funa~ons  

I 2 h n d e  deflector and corucal diffuser B r d  up and redlstnbute the coal stream m o  a fuel nch nng near the n o d e  n;ll 

Eash adjusts the secondm ar shdmg damper pontlon 
for hght-off full load and ~dle/coohg 

4 Shdmgmdmper Conmls secondan a r  flow m e  to rhe inner and outer arr - 

zones of tfic burner, mdependent of SWLfl 

j Pltotgnd Prowles a rtlaul e mdlat~on of arr flow with a 30 pomr mpact/sucuon 
d a x e  to balance arr flow among burners dunng comrmssl*mg 

6 Fued spin vanes for outer m zone Irnprmcs penphed a a  datnbuuon w l h  the burner and reduces pressure drop 

7 Adjustable spm vanes for Inner arr zone Stablltzes IptIon at the tlp of the coal n o d e  

8 Adjustable spm mies for ourer a r  zone Prondcs proper mmng of the secondan alr to the end of the flame 

9 Ar sepmtlon plate Dnens b h c c  of secondm a.r to the md of thc flYne em elope to 
complete combusuon 

10 F U e  st;rbhung nng Anchors the flame to the end of the coal nozzle and promotes swbhn 
and mpld fud d e m , b w  

11 Burner support s! stem Mows for diffaarml cqmmm 



DRB EL' Burner for Puivemed Coal-Fred Apphcations 

h e r  s e c o ~ l d q  nrr 
Sirdrtrg 4 1 t  u 1th n?renrndntro~~ to 
DamDer Pltot G17d Adwtnble bnse of/lanre 

Proven NOx Redurnon 
by Boder Configura~on 

A B C D --- 
A Fnmt ndl find no or erfirc ar (OFA) 
B S t q g d  opposed3dl f h o  OF4 
C Roof firrd w~th underfire a r  
D Opposed n ;dl fired n 11h OF4 

of Proven 
Experience 
The DRB XCL mtemallr staged 
low NO, burner offm s~gnlficanr 
hO, reduction apabdmes across 
the full range of mll-Tied bo~ler 
c o n f i ~ u o n s  md combusrion f m g  
Pa- 
BsWs kxkrshp m the fieid of Ion hO, 
redumon t- began m 1962 
m h  the first penred 01 crfirc au pon 
sr stern dew That kadershlp 
conttnucs ulrh unparallclcd ape rmce  
pro! en cquprnent and innovatn e 
techologr Our s stems arc des~gned 
to be COS~&CCUVC ~ @ ~ ~ ~ d a b k  a i 
adapubk to tk fnIl mqc offuck and 
boiler mmgcnrcms m nev or rcuofi~ 
a p p h a r m  Count on Bs.W for the \.p, 

cmlsmn c m t d  technolog t m  1 c 
the first rlme \ PIT I lqe 



LOW NOx 

Generally, combustlon NOx reduction techques attempt to staze the mtroductlon of oxygen Into 

the furnace Ths  stagmg reduces NOx production by creanng a delay In fuel and alr mung 

whch lowers cornbust~on temperatures The staslng aIso reduces the quant~ty of oxvgen avadabie 

to the fbel-bound mtrogen Typcal overfire a r  (OFA) systems accompi~sh ths  sta-pg by 
d~vemng 10 to 20 percent of the total cornbust~on rn to ports located above the pnmary 

combust~on zone AOFA Improves ths  concept by rntrodtclng the OFA through separate 

ductwork In greater quantmes, wth more control, and at hgher pressures (Flgure 2) The 
resultmg system 1s capable of provld~ng deep stagmg of the combustlon process wth accurate 

measurement of the AOFA atrilow 

kmow 
Measurement 

Overfire 
Air Ports 

Bumen 

L P a r t ~ t i o n  Plates and Secondary 
Pressure Control Dampers 

Secondary A r  Duct 

Duct 

F~gure 2 Ad5 anced 0w-h Air St stem 
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Load, MW 

PETC Review Sprmg 1995 



LOW NOx FIRING SYSTEM FOR 
TANGENTIALLY FIRED BOILERS 

Concentric Frhg Concept 
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NOx emissions 
compured for the onginal 
T-hred system at Gulf 
Power's Plant Smith In 
Lynn Haven, Flor~da and 
after the installation of 
LNCFS Level I l l  technology 
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Plant Stze, MW 

Comrnerc~al Operation Date 
Annual Operattng Hours, h/yr 
Capacrty Factor, percent 
Cumulat~ve Operation, h (through 1994) 
Uncontrolled NO, ppm 
Controlled NO, ppm 
Percent Removal 
lnltial Capital Investment, $/kW 
Annual Costs, $/ton lcvelizcd 
Ammonia ($220/ton) 
Energy ($JO/M Wh) 
Catalyst Replacement ($ 14,000/m3) 
Mair,tenance/Tunmg 
Total Lcvel~zed Annual Operating Cost 
Fhed Charges on Capital Investment (15%) 

Total Annual Cost, $/ton NO, removed 
Average Annual Cost, $/ton NO, removed 
(All SWAG Hrgh Dust SCR-Equ~pped Umts) 
Total Annual Costs, rmlls/kWh 
Average W a l  Cost, mllls/kWh 
(A!\ SIEAG Hrgh Dust SCR-Equ~pped Untts) 

Station 1 
750 
1 
October 89 
8,000 
9 1 
40,000 
390 
88 
78 
66 

113 
74 
62 
34 - 

283 

Ii.3 
918 

979 
1.79 

1 64 - 

Statron 2 
710 
2 
December 89 

6,(-)oo 
68 
60,000 
410 
88 
79 
57 

113 
58 
57 
20 - 

247 

666 
913 

1 96 

Stallon 3 

450 
1 
November 88 
7,500 
86 
45,000 
250 
88 
65 
37 

113 
103 
114 

83 
412 
693 - 

1,105 

1 17 

Statton 4 
500 
1 
December 89 
7,500 
86 
37,500 
219 
8 8 
60 
3 6 

113 
92 

86 

103 
394 

839 
1,232 

1 06 
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S E L E m ' E  YON-C-IT.ILYT'lC REDUCTION (SNCR) FOR CONTROLLING NO, 
EMISSIONS 

> 

1 What 1s SNCR3 
Selectwe hon-Catalync Reduct~on (SNCR) 1s a chemlaI process that changes oxldes 
of mtmgen (NO,) ~nto  rnoiecular nitrogen (N,) A reduclng agent, t y p ~ d l y  ammoma 
or urea, 1s injected mto the combustron/pmcess gases. At suitably ha& t ernpeaam 
(1.600 - 2 JOO OF)', the deslred chemiul reactions occur Other c h e m ~ d s  also 
be added to Improve performance, reduce equipment matntenance, and expand the 
temperature wndow wtfun which SNCR IS effectxvc 

Conc=pruallv, the SNCR uructss IS autc m ~ i e  A gseous or aoueous reagent of 
a selecred nruogcnous com~ound IS q t c t e d  mto, and nlxed w~rh, the hot flue gu in the 
proper temperame range The rcagcnr hen, ulthout a catalvst rcaczs wxh the hO, m rhe 
z=s srrearn, convemng rt to h m ~ c s s  mtrogen gas and warer tauor ShCR is 'seiecnve" m - 
that the reagenr reacts onrnanlv with NO, and not wth oxvgen or orher major cornDonems 
or the ffue gas. X scnemanc deolcung tfic SNCR process m a sroker-6red cornoustor is 
s n o w  m F g r e  1 

Temperature ~ a n g s  
1.600-f1W.F -1 

Yo sohd or Iiauld wastes arc creared In the SSC?. proczss 



1 1  a-rics; a1 c3xiiit-i u SUCR svssem e mc- m,ncva or urea IS uses u tre 
r eqew  0the7 rez=acqrs s u m  zi aanunc acld m a  hvarizne hzve also be:? u e a  
4mmorua n a v  ?e ' r l em3  In e [her anhvarous or aauems fo-;r, and urea, w an aoueou 
soiunon 

The p n n c ~ ~ d  cornoonevs oi  an SNCR svsrem z e  a rezgenr storase and Inieczon 
svsren wmcn mcludes pumos, mjecrors, and u socaed  conrrols, and orren NO, 
conmuous emsslons monitors Gwen the slmpl~cxry or' these comuonenrs, ~nsrallanan or' 
SNCR rs e m  re4anve to the ~nstallanon or other NO, concoi tecmoioges SNCR re~o i i r s  
rvp~callv do not requrre exended source shuraowns 

7 -- How much NO, can SNCR remove7 
WMe SNCR performance IS spesxfic to each unlque nppl~at~on, NO, reducuon levels 
rangmg from 30% to over 75% have been reported. 

Temoerarurc, reslaenc m e ,  reagent Injecuon rate, reagcx-fue g s  rnmng, and 
unconmlled NO, level are lrnponanr m detennmnp the e5ecxveness or SNCX-' In 
general Ir'NO, uld reagcnr are m contact at the proper ternoerzrure for a long e m u 9  m e ,  
then SXCR wilI be stcctssfd ar reaumg the NO, level. 

SSCR wul remove thc most NO, w~thm a speczed tec;lue,-znre w e  or m d o w  
A ~ p ~ c a l  removd efitcmeness curve as a funcnon ot cernDc.rzture wrchrn b s  wndow IS 
snown m Frgure 2. At temncnmres below the wndow, rcacnon rates are c.crrcneTv low, so 
thar lmle or no NO, rcducnon occurs On the lett slde or the curve, the entqr or NO, 
removal macases wth Incrtamg tcmptrarurc betaust reacnon rares Increase w ~ h  
temperature Reslacnce m e  cvpicaliv I l m r t s  thc NO, reducrron in chrs range At the 
plateau rc3mon rates arc opnmal for NO, rcducnon A ceznDe*antre vananon In rhls range 
d l  have odv  a smdI effect on NO, reducnon 

A funhe: rncrease m temoerrlnrre beyond the plateau W e s  YO, r=zucaorr On 
the ngm s~de  of rhe curve, rhe oxraanon of reagent becomes a npiicmr p& and cornoe:=s 
wtfi the YO, rccucnon reacnons for the rtagenr A Qnfier I n r e  rn ceaoezzm berond 
the n p t  slde can acruallv mcrcae tfic lcvci of NO, Althougn the rcmctson a less than the 
oomum, operanon on b e  ngnt srdc a pracncta and recommc?aed to mmlmrze reacnon 
m e s  and bvprocuc: tamions  

The temcenrure wnbow becarnes wider as the resmelct nme rncreses, thus 
lmoromng the re3ova.I characc,lsncs of rhe proczss Long r c a o t . c  m e s  (>O 5 seznd )  
at opmurn tencerarurts promote re!aweiv hx$ NO, reaucnon pc5armmct even wrh Iess 
than o~umurn m n g  or reaperarures. 

homa l  s;oicnlomemc rano (NSR) n the te.m used to describe the UP40 molar iano 
or' thc rcagcnr injec::d ro uncmnollcd NO, canctnnsnons If one moie or annvdrous 



Typical SNCR Temperature Window 

ammoma K q c r r e d  for cam mole oi NO, m the £iuc -p, rhc NSX IS one, u one male or 
ammoma will reacr wrh one moIe of NO, if one mole of urea IS rnjccrec rnro che sue -- 
for each molt of NO, the NSR s two Thzs a because one moie of urea wiIl r t a n  tvlm wo 
molcs of NO, For both rcagcnrs, rht h@cr the NSR the grater  
reducnon ' l n c c u m g  NSR beyond a c e m  pomr, however, will have a 
on NO, rcducnon, wrth reagcnr u h n o n  dcnasmg bevond thrs pornt 

rhc lcvci of NO, 
arm~nrsnmg c5ec: 
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I'arameler 
Uricor~lrolled NO, Emrssion, Ib/MDtu 
SNCR NO, Reduction Efficiency, % 
Catalyst NO, Reduction Efficiency, % 
Overall NO, Reduction Eff~cicncy, % 
NO, Outlet Emrssron, Ib/MBtu 
Desrgn Ammonra Slrp Em~ssron, ppm 
Arinual Opetatron, months per year 

Reagcrlt Slorchromctrrc Ratro 
niol N/mol NO, In 
nlol N/moJ NO, removed 

Reagent Ut~hzatton, percent 
1995 Cay~lal Cost, $/kW 
1995 Leveltzedl AnnupI , $/ton NO, removed 

Reagent ($0 8$/gal ureai $250/ton ammorua) 
Energy (30 $/MWh) 
Catnlyst Replacement ($14,000/m3) 
Mnlntevawe/Tuning 

Tornl bvel1ze31 Annual Operating Costs, $/ton NO, removed 
Flxed Charges on Capital investment (15%), $/ton NO, removed 
1995 Tpta\ NO, Reductron Cost, $/ton NO, - removed 

500 MW Retrofit SNCR, Hybrld, and SCR Cost Comparison-Full Year * Operation 

-- - - 

- - 

SNCR--LOW 
NH, Slrp 

0 50 
25 
NA 
25 
0 375 
5 
12 

0 71 
2 8 
35 
14 

906 
85 
0 

J i E ?  
1,100 

536 - 
1,636 

NCR--Hrgll 
NH, Slrp 

0 50 
37 5 
N A 
37 5 
0 3 125 
20 
12 

1 2  
3 3 
30 
15 

1,062 
87 
0 

73 
1,221 

394 
1,616 

SCR 
Syslenl 

0 50 
N A 
90 
90 
0 05 
5 
12 

0 95 
1 05 
95 
5 7 

128 
4 6 
98 
14 
287 
615 
-902 - 

2osl Noles 
1 Capitdl costs rnclude 25 percent contrngcncy, 4 percent escalatioo, 15 percent rndrrects, and 10 percent interest durrng 
zopstructron 
2 Level~zed annual costs are based on a 20 year Irfc, a 75 percent capaclty factor, a 4 percent escalatron rate, and a 10 percent 

- - 







Performance 
Projections % 

In Duct Impro\emnt NH, Silp 
Cart. In Duct Air Hcarer Ovcr ln  Duct SCR (ppm) 

4 (G  1,) 6 3  7s 20 10 

B (Cml) 61 74 2 I Y 

C (C IS) 43 60 33 20 

BEST AVAILABLE COPY 
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NITROGEN OXIDES 

General Descnptlon 
Nitrogen oxldes (NOJ m the ambient au pnmanly consist of mmc oxlde (NO) and mtrogen Qoxlde (NO2) 
These two forms of gaseous mtrogen oxldes are njpdicant pollutants of the lower atmosphere At the pomt of 
&charge fium man-made sources m c  oxlde ~s the predormnant form of mmgen oxldes Nimc oxlde is a 
colorless and tasteless gas It ~s readdy converted to mtmgen droxlde a much more harmful form of mtrogen 
oxlde, by chemcal reachons wth ozone present m the atmosphere Nitrogen droxlde s a yellourlsh orange to 
reddsh brown gas w t h  a pungent, rmtaung odor and it xi a strong oxidant A pomon of mtrogen hoxlde m the 
atmosphere s converted to mmc and (HNO,) and ammomum salts Nitrate aerosol (aad aerosol) ~s removed 
from the atmosphere through wet or dry deposltlon processes s m l a r  to those whch remove sulfate aerosol 

Major Sources 
Only about 10 percent of all NO, enussions come from man-made sources (GoQsh, 1991) The rest IS produced 
naturally by anaerobic biologwil processes m soil and water bv ligh-g and volcamc achntles and b\ 
photochemcal destrucuon of mmgen compounds m the upper atmosphere About 50 percent of emsions from 
man-made sources come from fossl-fuel fired heat and electnaty generatmg plants and slightly less from motor 
vehcles Other sources Include ~ndusmal boilers, mcmerators, the manufacture of mmc and and other 
mtrogenous chemcals electnc arc weldmg processes the use of explos~ves m rrmung, and farm sllos 

Worldwde annual emslons of NO, are esnmated to be appromutely 50 nullion tons (World Resources 
lnstltute 1994) The Umted States generate about 20 rmllion memc tons of mtrogen oxldes per j ear about 40 
percent of whch is emtted from mobile sources Of the 11-12 &on metnc tons of mtmgen oxldes that 
ongmte f b m  statlonary sources about 30 percent is the result of fuel combusuon m large mdumal furnaces and 
70 percent is from electnc utlhty furnaces (Cooper and Alley, 1986) 

Occurrence In Ar and Routes of Exposure 
Annual mean concentrauons of mtrogen Qoxlde m urban areas throughout the world range 20-90 nucrograms per 
cubic meter (pg/m3) Mmmum ID-hour values and maxlmum 24-hour values of mmgen Qoxlde can approach 
850 pg/m3 and 400 pg/m3 respectnelv Hourly averages near veq buq roads often exceed 1 000 nucrograms 
per cubic meter Urban outdoor lmels of mtrogen Qoxlde \am accordmg to tlme of day season and 
meteorologcal conduons Typicall\ urban concentmuons peak dunng the m o m g  and afternoon rush hours 
L a  els are also hgher m wmter than other seasons because of the mneased use of heatmg fuels Finally smce the 
con\ erslon of mtrogen &oxlde from mmc oude depends on solar mtensiq concentmuons are often greater on 
u arm sunnv davs Nitrogen oxides decav rapldlv as polluted an moves awav from the source Concentranons of 
rutrogen oxldes m rural areas wthout major sources are typically close to background l a  els Howm er mtrogen 
oxldes can tra\el long &stances m the upper atmosphere conmbumg to elmated ozone lmels and acl lc  
depositions far from sources of enussons 

Concenuauons of rutrogen dmxlde m homes ma\ conslderablj exceed outdoor l a e l s  and therefore be more 
important for human health Large sources of mdoor mtrogen Qoxlde mclude cigarette smoke and gas-fred 
appllances and ?ace heaters Nluogen Qomde concentrauons m latchens ulth unvented gas apphances can 
elceed 200 pg/m o\ er a penod of se\ era1 davs Max~murn 1-hour concentmuons dunng coolung ma\ reach 200 
1 900 pgm3 and 1 000-2 000 pg/m3 where there is also a gas-fired uater heater m use Smoke from one cigarette 

ma5 c o n m  150 000-225 000 pg/m7 of mmc oude and somewhat less rutrogen Qoxlde 

Health and En! ~ronmental Impacts 
Health Epldemologlcal studles ha\ e rare11 detected effects on chldren or adults from exposure to ouldoor 
mtrogen dmude One stud\ of nurses m Los Angeles found an associauon bemeen exposure to rutrogen l o u d e  
and mcreased phlegm produalon (Schuartz and Zegler 1990) Stules hale mlcated that the use of gas 
appllances for coolung ma\ ha\e a \ e n  small effect on the human resp~raton svstem espec~alh for small 
chldren but that the effecr (d lt eusts) disappears as the chldren grow older (WHO 1987) 

The lnfonnat~on m thts summan 1s for use b\ Uorld Bank staff and consultantr m c a m m g  out lhe poltc~cs set out m OP 4 01 En\tronment~l 
-LqcessmenL and relaled documenrs 
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Avarlable data from arumal toxlcologml experiments rarely mdmte effects of acute exposure to xutrogen &olode 
concentrauons of less than 1 880 (WHO, 1987) Asthmancs arc llkely to be the mom sensltrve group to 
exposure to mtrogen oxides Two laboratones have reported revemble effects on pulmonary funchon of 
asthmatics exerasmg mterrmttently after 30 m u t e s  of exposure to mtrogen holilde concenaatlons as low as 560 
pg/m3 (WHO, 1987) However the health lmpact of the change m pulmonary funchon s unclear, the change of 
about 10 percent 1s ulh the range of phvslologcal vanahon and s not necessarily advase At levels above 
3,760 &m3, normal subjects have demonstrated substantla1 changes m pulmonary funchon (WHO, 1987) 

Stu&es wth anxmals have found that several weeks to months of exposure to mtrogen hoxlde concentranons less 
than 1 880 &rn3 causes both reversible and trrwemble lung effects and blochermcal changes Anxmals exposed 
to mtrogen holilde levels as low as 940 mcrograms per cubic meter for 6 months may expenence destrucuon of 
aha, alveolar tlssue dwupuon, obmcuon of the respuatory bronchloles, and mueased susceptlbhty to bacterial 
mfechon of the lungs (WHO, 1987) Rats and rabbm exposed to hgha levels expenence more severe Ussue 
damage, resembhg emphysema. 

The avadable data suggest that physlologml effects of mtrogen holilde on humans and ammals are due more to 
peak concentranons than to duranon or to total dose 

Matenals Nrtrogen hoxlde m reachon to textlle dyes, can cause fadmg or yellowmg of fabncs Exposure to 
mtrogen hoxlde can also weaken fabncs or reduce then affixuty for certaxn dyes I n d m  has devoted 
considerable resources to develop textlles and dyes resistant to mtrogen oxlde exposure (Canada's Federal- 
Provlnnal Adwoxy C o m n e e  on Au Qua110 , 1987) 

Ecosvstem and Other Effects Nltrogen oxldes are precursors both to and prenpltatron and to ozone, each of 
u h c h  IS blamed for mjury to plants Whde xumc a a d  ~s responsible for only about 30-35 percent of hydrogen (H* 
) ron concentranon m wet and dry and deponnons, the contnbutlon of rutrogen oxlde e m n o n s  to and deposluon 
1s greater than these numbers mhcate It s mtrogen oxlde that absorbs sunhght muaung the photochermcal 
processes that produce mtnc and 

The extent and serenty of the damage due to and  deponnons has not been eshmated m c e  Impacts m y  
accordmg to the soil type plant spenes atmosphenc con&hons Insect populations and other factors that are not 
neI1 understood Nltrates m preclpitauon may actuaIly lncrease forest growth m areas ulth mtrogen deficient 
sorls However the fertllrzlng effect of mtrates (and sulfates) may be counterbalanced by the i e a c h g  of 
potasslum magnesium calaum and other nutnents from forest soils There ~s Ilttle mdence that agricultural 
crops are bemg mjured b\ exposures to mtrates m preapltauon The amount of mtrates m ram uater ~s almost 
aluavs well below the 1e1 els applied as femllzer (NAPAP, 1990) 

The most endent damage due to acld deposiuons 1s to fresh water lake and stream ecosystems Acrd deposrtlons 
can lower the pH of the uater wth potentlallv senous consequences for fish, m m a l  and plant lrfe Lakes m 
areas urth solls c o n m g  llttle calclurn or magnesium carbonates u h c h  could help neutral~ze andrfied ram are 
especralh at nsk Feu fish speaes can m v e  the sudden slufts m pH (and effects of soluble substances) 
resulung from atmosphenc deposluons and runoff of contammated uaten such that affected lakes mav become 
completelv dm old of fish Me Acldrficahon also decreases the spenes vanetv and abundance of other mmal  and 
plant l ~ f e  Acid pulses ha1 e been assonated wth the f h  hlls observed m sensiule ~atersheds dunng the 
spring meltdown of snoupack. Further the atmosphenc deposltlon of mlrogen omdes is a substannal source of 
numents that damage estuaries b~ causmg algae blooms and anolilc condmons (U S Enwonmental Proternon 
Agenn 1992) 

Emsslons of mtrogen oudes act as a precursor to ground-la el ozone (0,) u h c h  1s potentlall~ a more senous 
problem Plant sclenusts blame tropospheric ozone for 90 percent of the I egetatlon q u r v  m North Amenca 
Ozone can na1 el long &stances from the source and conmbute to elmated ozone concentrauons er en m rural 
areas Srnce the meteorologcal and clrmauc condmons that favor the production of ozone-abundant sunshe-  

The lnformauon m this summan is for use h\ U orld Bad. staff and consult an^ m camlng out the pol~crcs set out m OP 4 01 Em ironmental 
AssersmenL and related documents 
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are also good h r  agriculture, ozone has the potentla1 to cake' large econonuc losses from reducbons m crop 
yeids 

I 

Nitrogen dtoxlde affects w~blhty  by absorbing short-wavelength blue hght Smce only the longer wavelengths of 
hght are m i l e  to the eye its color appears yellowsh to red& brown Nitrogen oxldes can also combme rvlth 
photochmcal oxldants to fonn smog 

Amb~ent Standards and Guidel~nes 
The mam goal of almost all the major nabonal and mternabonal ax qual~ty standards and gudelmes produced 
over the last two decades has been to protect human health Some countries have also produced g u d e h e s  and 
standards for mtrogen oxldes to protect vegetauon and sensltwe ecosystems such as wetlands The attached table 
presents reference standards and gudehes  for mtrogen hoxlde for the European Umon, the Umted States, and 
the World Health Organxzatlon 

Concius~ons 
The mdence suggests that exposure to short-term peak concentrahons of mtrogen oxldes may damage health, 
espenally of senatwe mdmduals such as asthmatics For many mdI~duals, the most n@cant sources of 
repetltrve exposure to peak levels of mtmgen oxldes comes from residmg m homes wrth gas cookmg or heahng 
appliances or h m  agarette smoking Long-term exposures to hgh  levels of mtrogen dIoxlde (well above the 
hghest ambient levels reported m urban areas m the Umted States) has been shown to lead to development of 
chromc lung lqury and &ease m anm& However there IS stdl consldemble uncertamty regardrig chromc 
health effects for humans h m  exposure to ambient mtmgen olades (NAPAP, 1991) 

Nimgen oxldes are more of a concern as precmors to ground-level ozone and a a d  preclpitatlon Ground-level 
ozone IS among the most toxlc pollutants regulated under ar qualrty gudelmes and IS also blamed for 
considerable damage to vegetatlon In addmon, xumgen oxldes contnbute to a a d  depostlon, whch damages 
vegetauon and freshwater ecosystems 

Thus far the snategy to control ground-level ozone has focused pnmanly on controlhg \olaule hydrocarbons 
However future strateges wl l  ldcely focus ~ncreasmgly on reducmg emssions of mtrogen oxldes (God& 1991) 

Recommendat~ons 
In the long-term counmes should seek to ensure that amb~ent exposure to mmgen Qoxlde should not exceed the 
WHO recommended gudelmes-see attached table In the mtenm, counmes should set ambient standards for 
mtrogen &oxlde u h c h  r d e  account of (a) the benefits to human health and to sensitwe ecosstems of reduclng 
exposure to rumgen dioxlde (3) the concentrauon laels  achmable b j  polluuon prevenuon and control 
measures and (c) the costs mvolved m meetmg the standards In adopung new ambient ~II qUdlN standards 
counmes should set appropnate phase-m penods dunng whch bets or mwnpalitles that do not meet the neu 
standards are expected and w111 be asslsted to attam these standards Where there are large Merences m elther 
the costs or benefits of meeung arr qudir) standards it mav be appmpnate to establ~sh area-speafic amblent 
standards on a case-bv-case basls 

For the purpose of c m g  out enwonmental assessments of projects counmes should establish a mgger value 
for ambient exposure to mtrogen dioxlde Tlus mgger \due is not an ambient ar qualltv standard, but u simph a 
threshold nluch, If it 1s exceeded m the area affected bv the project, ulll mean that a more demled enwonmental 
assessment should be camed out The mgger \due  ma, be equal to or lower than the counm's amblent standard 
for mtrogen houde Counmes ma, wish to adopt EU U S or WHO gtudelmes or standards as thelr mgger 
, d u e  The mgger \ due should be agreed b\ the c o r n  and the World Bank before an ennunmental assessment 
1s u n d e d e n  In the absence of an agreed due the World Bank w11 use mgger values of 200 pg/m3 one-hour 
exposure d ttus is exceeded on more than s a  en da.r s m the vear or 300 pg/m3 for an, one-hour penod dunng the 
vear 

Tnc dormauon m rh~s summan IS for use b\ &odd Bad slafi and consultantr m carrv~ng out the pol~c~es scl our m OP 4 01 En~uonrnental 
&sessmcnr and related docurncntr 
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I n d d  Polluton Prcvabon and Abatement 
NITROGEN OXIDES 

June 30 1995 

Rderence Standards and Guldel~nes for Ambient Levels of N~trogen Dlonde (pg/rn? 
Annual Average 24-Hour Average ]-Hour Average 

EU Llmt Values (1985) 200' - - 
U S Standards (1992) loo2 - - 
WHO Gudelmes (1 977) 190-320) 
WHO Gudebcs  for Europe 150 400 

I 
98th pcrcmtde calculated fium the mean vduu p a  hour or p a  penod of l u s  than an hour taka throughout the year 
' ~nthmciic mean 

Not lo be exceeded more than once montb Only a short tam exposure lurut has been suggested. 

Sources WHO (1977 1987) US ~ovemmcnt hmmg office (1992) European CommunNcr (1985). 

Further Informahon 
The fol lomg are suggested as sources of addhonal mforrnaoon (these sources are provlded for grudance and are 
not mtended to be comprehensrve) 

Canada's Federal-Provmaal A h o r y  Committee on Au Qual~ty 1987 Review of National Ambient Air Qualrty 
Objectives for Nitrogen Dioxide Ottawa, Ontano Enwonment Canada 

Eurupean Communrues Drectwe 851203 March 7, 1985 

Gocfis4 Thad 1991 Air Quality Chelsea, MvAugan L e m  Pubhhers 

Nahonal Aad Precipltatlon Assessment Program. U S Government Pnntmg Office, Washmgton, D C Vanous 
volumes and years, 1987-1991 

0.9~1 B 1994 "Estlmatmg the Health Effects of Ar Pollutants A Method mth an Applicaaon to Jakana 
Pohq Research Woriung Paper 1301 Pollcy Research Depment, Public Economcs Dinsion 
Washmgton, D C World Ba& 

Schuartz, J and S Zegler 1990 "Passive Smokmg Au Polluhon and Acute Respmtoxy Symptoms m a D i m  
Stud1 of Student Nurses " American Rev~ew oJReqviratory Disease 141 62-67 

U S Enwonmental Protection Agency (EPA) 1990 National Air Qualilrty and Emission Trenak Report 1990 
EPA-15014-91-023 November North C a r o h  Research Tnangle Park 

U S GOT emment Pnntmg Office (GPO) 1992 40 Code of Federal Regulauom Part 60 

World Health Orgmzatlon 1977 "Oxides of N~trogen " Envrronenta H a t  Criteria 4 Gena a, Su itzerland 

1987 Azr Quality Guidelines for Europe WHO R e g o d  Publlcauom European Senes 23 Regonal 
Office for Europe Copenhagen 

World Resources Jnsutute 1994 World Resources 1994-95 A Azde  to the Global Envrronment Nets York 
Oxford Unlr ersm Press 

The uiformaoon m th~s summan IS for use b\ WorkJ Bank. s W  and consultants m carrymg out the pol~cm set out m OP 4 01 Env~ronmenul 
AsscssrncnL and related documents 
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SECTION 3 - SULF'UR DIOXIDE EMISSION CONTROL 

3 1 1 Effect of Sufir Dioxides 

Most suk r  hoxlde 1s produced by the combust~on of fuels contamng f f i r  or by roastmg metal 
sulfide ores, although volcanoes are also a source of sulfur chornde ermssons Thermal power plants 
b m g  htgh sdfbr coal or maart are m m  sources of sutfUr ermsslons worldwde 

Exposure to sub honde m the amb~ent ar has been assomated wrth reduced lung hchons, 
mcreased respiratory symptoms and h s e s  and Imtsbon of the eyes nose and throat Penodic 
eprsodes of exposure to very hgh ambrent au concentrahons of SO2 even for short p o d s ,  appear 
to cause the most health and vegetmon 

The effects attributed to s u b  d~oxlde may actually be caused not only by SOZ, but by sulfate 
aerosols and by SO2 absorbed onto parhcdate matter Whde SO2 alone, when ~nhaled w d  drssolve 
ln the fhi~ds of the upper respnatory system and be absorbed mto the blood stream, SO2 absorbed 
on partrculate matter can be camed deep mo the pulmonary system Therefore, redumg the 
presence of partmilate matter may also reduce the health unpacts of SO2 

Sulfur oxlde ermsslons are b e b e d  to cause widespread damage to vegtahon mcludmg forests and 
agncubral crops W e  plants m the immednte ~clruty of the ermsslon swrce are the most 
vulnerable, trees and other plants exposed to wet and dry acrd depositlomi some d~stance fiom the 
source of em~sslons may idso be mjured The Impact WIU vary greatly accordmg to sod type, plant 
specres and other con&aons not wen understood 

Aad deposlt~ons can damage freshwater lakes and streams by lowemg the pH of the water Few 
fish speaes can sunwe large shfis m pH and affected lakes may become completely h o l d  of fish 
lrfe 

Sufir oxlde ermss~ons also eEect bu~ldmg stone and many metals Amds m the amb~ent au or m 
preaprtabon wdl chmcally erode bulldmg materials such as marble and hestone and have been 
associated wth  damage to many hstoncat monuments and works of art 

3 1 2 Re_rmiat~on of Sutfur Chdes m the Atmosphere 

Ambtent au quahtv standards are generally estabhshed to h t  the allowable concentratron of sulfur 
oioxlde Concentration h t s  may Include values for both short term exposure (24 hours) and long 
term exposure (annual average) and may dlstmgwsh between concentrafion lmts for SO2 rtselfas 
well as associated part~cuhe matter The World Health Orgammon (WHO) the US EPA as welI 
as other orgarmation have developed reference standards for sulfur oxlde concentratmns whch m a y  
serve as p d e h e s  to countries prepmg or revlslng tfim amb~ent arr quaiity standards 



Although ambrent au concentatlon of suflur dloxlde 1s of senous concern, the are signrficant 
vanatlons m SO2 emsslon h u t s  from thermal power stat~ons The World Bank presently h u t s  
SOp emsslons to 100 tonnes per day (tpd), from statlons or to 0 2 tpd per MWe (whchever IS 

lower) For a 2 x 500 W e  stat~on, for example, the emssron l m t  would be 100 tomes per day, 
whle for a 2 x 200 MWe stabon, the l ~ m t  would be 80 tonnes per day The Bank does not Impose 

3 an SO2 concentration lrrmt (rng/Nrn ) at tfns tune however 

These ermsslon l m t s  are now under conslderat~on for revwon wth theproposed l~rmts as follows 

0 2 tpd per MWe for first 1000 MWe (0 1 tpd for additional capacity) 
M a m u m  emssron not to exceed 2000 mg/Nm 3 

3 The 2000 m_gdNm lrmt can be usually be acheved by h n g  a "comphance" cod w t h  a s u b  
content of 0 5 to 0 6 wt % sulfur content 

Umted States emssron h u t s  for exlsbng cod-fired plants has recently been set at a yearly average 
3 of 1480 mgmm for dl plants Plants wth  hgher emsslons may use p e m t s  from plants wth 

lower ermsslons Instead of reducrng emssrons Unlted States ermswon lrmts for new coal-fired 
plants are lower They are fiequently based on Best Control Technology and ty-p~cally reqwe SO2 
reduction effic~enc~es of as much as 95 % 

Proposed Kazahstan ermssron h t s  are more closely related to German standards These are, 

I COAL I 400 1 
/ OIL I 400 I 

and could probabls not be acheved by h g  a low s u h r  coal 

3 2 - 0.i ervleu of S u b  D~oxlde Control Technolomes 

The need to remove SO? from flue gases generated by power generation borlers has led to the 
development of a wrde &nety of flue gas cleamng processes Onlj relatively few of these processes 
hase been ap~lled cornrnerc~allv on large cod-fired power plant borlers 

Cornrnercd1.i applled technologes mav be categorized according to a vanety of process 
charactenstics The common elements m all SO2 absorption processes are that 

the, dl requlre the use of an albalme chermcal called the "reasen:" 



they all convert the gaseous SO2 recovered fiom the flue gas into either a hqud or a 
sohd waste byproduct 

Thus, the processes can be charactenzed by the type of reagent used and the type of waste 
byproduct created For ths study, we have found fconvment to categonze the processes as 

Wet Flue Gas Desulfunzatton (WFGD) . Dry and Sem-dry Flue Gas DesulfUnzatton (DFGD) 
Recovery Processes 

Better than 75% of all the FGD systems rnstalled world-wde are Wet FGD Systems whch use 
hestone or h e  as the reagent These calcrurn-based systems can be categomed further by the 
type of waste byproduct generated The "Throw~~~ay"  processes create a waste byproduct whlch is 
dxsposed of by l e g  or pondmg For l a n d f i g  it IS normally necessary that the WFGD waste 
sohds first be blended wth flyash, to produce a m a t e d  stable enough to allow handlmg by 
convenhonal landfill equipment 

As an alternatrve, the waste may be oxldlzed to gpsum (calaum sulfate) The byproduct gypsum 
reqlllres no blendmg to s tabhe  The gypsum may be sold as a byproduct for u f h n o n  as a raw 
matenal m the cement and wallboard mdustnes of may be d~sposed of by landfdhg 

Sea water from the condenser coohg c~rcurt contam suffiuent natural alkalinity to  absorb SO2 
wthout the additton of an alkah reagent Ths process, whch produces no sohd waste product, IS 

also conedered as a Wet FGD process SO2 removal e£Eaenaes of greater than 95% are 
achtevable wth these wet processes 

An alternatwe to the wet processes, the Dry or Semr-dry Flue Gas Desnlfunzaton (DFGD) 
process has usually been applied on lnstallat~ons where SO2 removal requuements are not as great 
Lme spray drymg systems were tnstalled m@y on power plants b u m g  low (-4%) d f b r  coal 
In the western USA, but recent process advancements have made rt possible to apply thrs process to 
hgher sulfur coal as we11 The process produces a dry powder c o n t m g  the calcium-sufir 
desulfunzation byproducts mxed with dry flv ash The matenal 1s generally dsposed of as landfdl 
Flue Gas desulfbrmhon efficienctes of 90 % are readdy acheved 

Moderate SO2 reduction, in the 40-60% range, 1s achevable wth  the calcrum-based dryprocesses 
where the reagent is injected either lnto the firmace (Furnace Sorbent hjechon Process) or mto the 
flue gas between the a r  preheater and the dust removal eqwpment (Duct Injectton Process) These 
processes have the lowest rnvestment cost of all SO, reduction alternatives They have been the 
focus of the U S Department of Energy Clean ~oal*~echnology Program the objective of whch has 
been to provlde a low capital cost altermtwe m retrofit applicanons 

FGD Recoven Processes that recover the s u k r  content from the flue gas, in the form of 
marketable sulfbnc ac~d, elemental sulfur or liquefied s u b  d~oxlde, have found very hmted 
appiication world-wde W e  aIlevlatmg the problem of by-product dsposal, recovery processes 
Ere more complex and more expenswe to mstall, operate and rnamtam than the non-recovery 
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process Recovery processes utdlze a regenerable absorbent or adsorbent whch releases the S02, 
usually upon the appl~cat~on of heat dumg the regeneration step, and is then reused 

FGD processes discussed in ths  section are hsted In Exh~b~t 3 2-1 They represent processes that 

Are capable of achevmg at least 50% SO2 removal effiaency 
Are proven through operatmg experience on utrlity coal-fired power plant umts on at 
least 100 MW scale, or where performance has been successfb11y demonstrated m 
utll~ty apphcatlons 

Several of these technologes have been descnbed m d e t d  m t h~s  program 

3.3 Wet Limestone FGD Proem 

The Wet Lmestone process has been proven m nstallat~ons worldw~de Th~s wet flue gas 
desulfunzation (WFGD) system uthzes hes tone  slurry as the scrubbmg reagent The process IS 

capable of producmg a gypsum byproduct suitable for wallboard manufacturing andlor cement 
production In the event commerc~al byproducts are not requned, the system may produce a 
product whch can be drsposed of as landfill The FGD system is typically designed for sulfur 
boxlde removal effiaenaes of 90% or hgher and HCI removal efficiencies up to 95% 

Gas Handhg . Sulfur moxlde Absorption (and Oxldat30n) 
Reagent Preparation 
Product Dewatenng . Waste D~sposal 

A typical schemabc d~agram 1s presented m Exhb~t 3 3-1 

Flue gas fiom the particulate collector is drawn by the boller fD fans whch prowde the energy 
necessary to overcome the gas side resistance of the downstream FGD system equipment The flue 
gas stream flows mto the sulfur dioxlde absorber where ~t is ~mmed~ately saturated (ad~abat~cally) by 
exposure to the absorber slurry Contact between the flue gas and the slurry c o n w n g  reagent may 
occur m a vanety of contactms devlces (Exlubit 3 3-2) 

Followmg contact wth the slurry, the scrubbed flue gas passes through mst ehrmnators whch 
remove entrmed slurry droplets from the gas stream The mst ehrmnators are mmtmed m a clean 
cond~hon by penodrc washmg usmg fresh makeup water The f i s h  water used for the mst 
ehmator  wash IS the principal source of makeup water to the FGD system 

The flue gas handng system frequently lncludes bypass ductwork whch p e m t s  the flue gas exltmg 
the fan to flow untreated d~rectlj to the c b e y  The flow of flue gas 1s controlled by the use of 
dampers m the ductworb whch when open allow the flue gas to bypass the absorbers and when 
dosed force the flue gas tnrough the absorbers The system may also be operated wth the dampers 
partially open Th~s  perrmts a pornon of the flue gas to pass untreated through the bypass ductwork 
whde the malonty of the gas 1s treated m the absorbers The treated {saturated) flue gas is mxed 
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wrth the hot (untreated) bypass flue gas to acheve reheat necessan to mumme visible plume from 
the stack % 

The follourlng summame the reactions whch occur w t h  the absorber and s l q  tank By 
chenucal reaction, SO2 is captured from the flue gas as cdclum suEte Ths pnmary reachon 
product may be subsequently oxldued in the recycle tank to calc~um sulfate whch crystalhzes as 
dhydrate 

( 1 )  SO2+H2O - H2S03 Absorption 

After the slurry has been exposed to the gas stream m the absorphon section, it enters the recycle 
t a d  at the bottom of the absorber Fresh makeup hestone is added to the reamon tank as a 25%- 
40% sohds slurry to miuntam the deslgn pH The tank rs designed to (1) retam the sluny for 
sufficient tune to p e m t  &ssolubon of fresh hestone, (n) fachtate the oxtdat~on of calcium sulfite 
to calcium suKate, and (111) p e m t  the crystallrzauon of the reamon products In order to 
accornphsh 1n sltu forced oxidation mthm the recycle tank, au is sparged into the slurry at a pre- 
des~gned rate and submergence level The resultmg product IS gypsum whch can be utlhzed for 
bulldmg products such as cement and wallboard or disposed of ln a landfill 

The residence hme of sohds m the reactron tank IS generally m the range of 15 to 25 hours Th~s 
extended residence tune, coupled wth proper recycle tank design and method of operation, provxde 
an enwonmerrt conducive for gypsum crystal growth 

Recuculation pumps (where requued by the process) take suction from the recycle tank and provrde 
the volume of recycle slurry necessary to m t a m  SO2 removal efficiency These pumps also feed a 
small portion of the slurry to the pnmary dewatering system whlch removes reaction products fiom 
the absorptton cycle The sh~rry m the recycle tank IS agtated to -tam the sohds m suspension 

and prevent sohds setthg to the tank bottom 

The reagent preparation system may be designed to r m v e  pre-ground hes tone  or to grind 
crushed limestone on-site In these systems, gnnding m wet ball or tower mUs 1s used for the 
product~on of the maheup hestone durry The reagent p r e p w o n  system conslsts of (1) 
conveyors for crushed hestone, (11) day storage srlos, (m) wet grzndmg d s ,  (N) slurry 
classification and recycle equipment, and (v) slurry storage tanks 

Crushed llmestone which has been transported to the day storage silos bv conveyors 1s fed vla a 
weigh feeding system from the silo into the wet grinding mill The puiverized lmestone is 
classified In a hydrocvclone type centrifuge m e  fine fractlon (overflow) flows to a llmestone 
slurry storage tad, whll:: the coarse fracuon (underfloa) is recvcled back to the mill for further 
grmdmg 
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When supply and economics dlctate, a pre-ground limestone product is utrllzed In th~s  system, 
pre-ground lunestone 1s delivered and pneumaucally conveyed Into the (1) Innestone storage silo 
The hmestone IS fed by a (IV) screw feeder mu, the (v) lunestone slurry tank where ~t IS siun~ed 
by the proport~onal addmon of process water 

The product (gypsum) dewaterlng system 1s deslgned to concentrate the gypsum crystals to an 
ulnmate solids content of 85-90% + and recirculate process water to the absorpnon and reagent 
preparation systems The dewaterlng system deslgn consists of (I) hydrodones, (11) vacuum belt 
filters, and (111) reclaun water equipment 

Absorber bleed slurry at 10% - 12% wt sohds content IS pumped through pnmary hydroclones 
whch concentrate the product to produce a 50-60% wt sohds underflow Product gypsum sohds 
contamed m the pnmary hydrocyclone underflow stream flow to the vacuum belt filters where they 
are concentrated to approxunately 90% by we~ght The filtrate IS returned to the reagent 
preparation and absorptron systems Process water 1s ut~lrzed m the foHovmg m c e s  mthm the 
process (1) the lunestone preparabon area to slurry to pulverized lunestone, (u) the absorber recycle 
tanks to control dens~ty, and (m) all area flush connecbons to flush slurry h e s  

Dewatered gypsum product, wth the consistency of wet sand, wrll be conveyed to the on-site waste 
disposal landfill where the m a t e d  wdl be disposed of along wrth the recovered fly ash and bottom 
ash Detds of the landfill operation are described eleswhere th~s  report 

Process Advantages and Disadvantam 

Process advantages are 

1 Lunestone is the least costly of d l  akah reagents It IS readdy avadable m crushed form It 
also may be avadable as a fine gnnd dry powder 

3 Product gypsum IS ofien usable m bulldmg matends elther as cement or wallboard The 
hgh state of oxdabon permts Iandfill disposal If necessary 

3 h o  secondary waste IS produced A waste water bleed stream 1s produced &usable 
product gvpsurn is required, but the qumty is small Thrs bleed may be treated, ~ 
requred pnor to d~sposal 

4 The system may be designed to acheve an SO2 removal e8ic1ency greater than 95 % If 
desired The process is apphcable to all levels of s u b  m fuel 

5 The hgh SO, removal effiaency of the process makes it pract~cal to reheat the flue gas 
utdmng bypass whde at the same trme achevmg the deslred overall removal 
eEcienc~ of greater than 70 YO 

b The process thorou-ghlv demonstrated worldwide Svstems up to 700 MWe wth sm@e 
absorber oDerate comrnerclall~ 
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Process disadvantages are 

1 Sigruficant equipment associated wth dewatenng and conveying of product gypsum 

3 - Relatrveiy large t& of recycle slurry are requlred Matenals of construction must be 
carefilly selected to avold corrosion As a result, Investment costs are hlgh 

3 Production of a cornmerc~al grade gypsum byproduct requlres the generation of a waste 
water stream whch requlres treatment pnor to disposal 

3 4 A ,Dry and Sm-dry Flue Gas Desufhmtlon (DFGD) 

A number of "Dry" Flue Gas Desu&mton Systems have been investigated These technologes 
are descnbed schematically m Exh~bit 3 4-1 The technologes are based on the lqection of alkali 
h e  or lmestone, either upstream or downstream of the aw heater, into flue gas c o n t m g  both 
SO2 and fly ash W l e  some desulfunzahon reaction occurs m the dry flue, the efficrency of 
desulfUnzation can be rncreased by hurmdlfication of the flue gas The more moisture added and the 
longer the flue gas reactlon m e ,  the greater the degree of flue gas desulhrization 

The degree of moisture addrtion 1s hrmted to the amount requlred to cool the flue gas to about a 
10°C approach to the flue gas saturation temperature, ensuring that all of the water added is 
evaporated and the flue gas and fly ash always re- "dryt' Several of the more commercially 
developed dry technologes are descnbed m the followmg sectlons 

3 4 1 Sem-dry Lune Spray Dryng Process 

Thls process IS classfied as sem-dry, not wet, because the flue gas is not l l l y  hurmddied as it IS m 
wet systems Typically the flue gas is h u m a e d  only to w t h  10-30°C of its ahabat~c saturation 
temperature Contact between flue gas and reagent occurs m a spray dryrng vessel located upstream 
of the particulate collecQon deuce Lime IS the most popular reagent, although sodlum carbonate 
may be used Other sohum-based reagents, such as nachohte and trona ore, have also been shown 
to be effective absorbents for spray dryrng Figure 3 4-2 illustrates the process dlagrarn for a typical 
spray dryer FGD system 

The FGD system consists of the followmg mam subsystems 

Gas Handhns 
Sulfur D~oxlde Absorption 
Reasent Preparation 
Solids Collection and Disposal 

Fiuc gas exrtmg the combust~on a r  preheater comes m contact wlth an akallne solution or slum1 ~n a 
sprap dnrer The flue gas passes through a contact chamber (Ehbi t  3 4-3) and the solution or 
sium is spraved Into the chamber mth a rotary or nozzle atomrzer (Exh~bit 3 4-4) 
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The overall SO, absorption reactions for lrme spray drylng can be represented as - 
% 

(1) Ca(OH), + SO2 + H 2 0  - CaS03 l 3120 + 3/2H20 Desulfimzat~on 

The quantq of calcium ions avarlable in the liquld phase of the slurry to form the calcium salts is 
h t e d  by the solubilrty of slaked hme m water The calcwn ions react m the hqu~d phase of the 
slurry droplet, and they are replaced wth fresh lons from the dlssolut~on of addlt~onal solid phase 
slaked h e  

The sulfur dloxlde IS absorbed m water and reacts wth the water to form suhrous acid &SO3) 
before dissociatrng to form sulfite Ions Some of the sulfite ions are oxldued by flue gas oxygen to 
form sulfate ions The heat of the flue gas dnes the atormzed droplets whlie the droplets absorb 
s u b  d~oxlde from the flue gas The sulfur hoxrde reacts wth  the alkahe reagents to form sohd 
phase sulfite and sulfate salts Most of the sohds (and any fly ash present) are carried out of the 
dryer m the emtmg flue gas The rest fall to a hopper at the bottom of the dryer 

The design of the spray dryer chamber IS important to effic~ent removal of s u h r  dioxlde Contact 
chamber volume must prowde a flue gas res~dence tune that maxuIllzes SO2 removal and pemts  
adequate drying of the particles Most h e  spray dryers for h s  apphcaoon provide a flue gas 
residence tune of 10 to 12 seconds 

The flue gas disperser, at the inlet to the spray dryer, and the spray atormzer system must provide 
lntlmate muung of the flue gas and the atomrzed droplets Atormzer types used m spray dryer FGD 
appl~catlons d u d e  both rotary atormzers and two-fluid nozzles Rotary atormzers, whch are 
normally utihed m large uthty apphcahons, use a rapidly sp-g &sk to produce a fine droplet 
rmst in the spray dryer The atormzer desrgn IS o p t w e d  to produce the appropnate slze droplets 
Fme droplets are reqwed to ma- SO2 removal efficiency, but If droplets are too small they 
may dry out before sufficient SO2 absorption has occurred Where large contact chambers are 
utrlrzed, multlple atormzers mav be requrred 

The flue _gas then flows to the sohds collection devlce where the dry sohds (reachon products, 
unreacted absorbent, and fly ash) are coIlected A fabnc filter (baghouse) IS the most common solids 
collection dewce, but ESPs are also used When a baghouse 1s used s~gmlicant absorption of sulfur 
dioxlde may occur d u n g  sohds collect~on Absorbent m the whds collected on the surface of the 
bags reacts wth s u h r  droxlde remmng m the flue gas 

The cleaned flue gas leaves the collection devlce and IS exhausted to the atmosphere (stack) by the 
boiier ID fans As m the case of the other processes, the fans are located downstream of the 
partmilate coliectron devlce Ln contrast to the wet processes, however, the absorber (spray dryer) 
is located upstream of the collection devlce 

Bvpass reheat is not feasible when the fiue gas contams particulates Kevertheless, the discharge 
fiue gas IS mantained move the dets point bv control of the spraL drver aischarge temperature and 
h~ tnc heat of compression added bv the boiler ID fans 
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Process variables that affect SO2 removal in the spray dryer Include approach to dabatlc saturahon 
temperature, atormzed slurry droplet srze, the flue gas residence tlme m the spray dryer, and the 
absorbent stoichlometry A typlcd process flow control Qagrarn IS shown m E h b l t  3 4-5 

The process IS dependent on the use of hme as the reagent, smce the reactivity of hestone IS 

mwflic~ent to achieve any s~gmficant desulfUrrzatmn of the flue gas m the dry environment As 1s the 
case wth other technologes utll~zrng lune as the reagent, the h e  IS dehvered m pebble form m 
closed contamers (trucks) protected from contact with an The ~ncormng lme 1s rece~ved and stored 
m a silo In lune systems, pebble h e  (CaO) must be slaked to produce a reactwe lune slurry The 
slakmg reactmn may be expressed as follows 

Absorbent uthzat~on can often be nnproved by recycle of the waste sohds, pmcularly where the 
process is apphed to reelat~vely hgh s&r coals The solution or slurry sprayed mto the dryer 1s 
pumped from an absorbent holdmg tank Recycle sohds from the spray dryer hopper or downstream 
sohds collection equipmeni contam unreacted absorbent and are often used to supplement the fresh 
absorbent feed Erther recycle solxis are slurned separately and added separately through the 
atomrzer, or they are added chrectly to the fresh absorbent m the holdmg tank 

Dsposal methods for soh& collected ffom spray dryer processes vary wth  the type of absorbent 
used Spray dryer FGD has an advantage over conventional wet FGD m that sludge handhg 
equlpment (such as clarifiers, ttuckeners, vacuum filters, and centrhges) ~s not requrred Waste 
sohds from spray dryer processes have handlmg properhes smlar to dry fly ash and are usualiy 
conveyed pneurnat~cally to storage bms and then trucked to landfill sltes for dqosal  

Process advantages are 

1 Spray dryer systems do not have the large volume of hquld scrubbing medurn reclrcuIat~ng 
m the absorber Ths results m a far less complex system 

2 The "dry" system 1s much less sensitwe to the corrosion and erosion problems of the wet 
systems Matmals of construction need not be res~stant to attack by corrosive acids since 
dry solids and not wet slurnes are handled m ths eqwpment 

3 All dewatems equipment 1s e h t e d  

4 As  a result of the above, mtrd cap~tal cost IS generally lower than a Imestone wet scrubber 
S V S ~  em 

Process &sadvantages are 

1 Lime a more costlt reagent ~s requlred lnstead of hmestone 

* - Overall SO, removal eficiencv IS h t e d  when treatlng flue gas from hgher s u k r  fuels 
Tms shoufnot be a cons~derat~on for the lou sulfixr fuels fired In KazaLstan 
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3 Product is dry powder contalmg fly ash and must disposed of ulth same cons~deratlons as 
fly ash No usefid saleable product is avdable 

4 A smgle vessel absorber deslgn is not practxcal for greater than a 350 MWe system 

3 4 2 Crrculmg Flud Bed DesulfUmat~on Technology (GSA) 

The c~rculatmg fluld bed FGD system operates on essentially the same chem~cal principles as the 
spray dryer system The system 1s descriid m Exh~bit 3 4-6 In ths  process, a verttcal cyhdncal 
reactor is subsatuted for the spray dryer chamber and the reagent and water are sprayed mto the 
stream of ash contaming flue gas crcdatmg through the reactor As m the case of other c~culahng 
fiuld bed technologies, clrculatmg flmd bed boders for example, the major pornon of the solrds 
extlng the top of the reactor IS collected and returned to the bottom of the reactor where tt is 
contacted wth  fresh flue gas, reagent and water 

The hgh degree of contact between the flue gas and the c~~culatmg sobds allows a hgh degree of 
desufinzatlon to be accomplrshed (Exh~bit 3 4-7) At the same m e ,  the contmued reclrculatlon of 
the ash, contamng unreacted reagent, acheves a htgh degree of reagent utkzabon 

The technology compares fauly well wth the spray drymg technology, although ~t has not yet been 
demonstrated m large commercd utd~ty apphcabons 

Advantages of the GSA system are 

1 W~th no hgh speed rotatmg spray system requued, operatmg m t e n a n c e  IS antmpated to 
be sigdicantly reduced 

7 - The energy requrred to q e c t  the h e  and water into the flue gas steam IS consrderably less 
for the GSA than that required for the hgh energy spray atormzer 

3 The GSA occuples less plot area than a spray dryer chamber and may be more easlly retrofit 
m fight sltuatlons 

Disadvantages of the GS 4 mstem are 

1 The flue gas s~de pressure drop through the cuculatlng fly ash bed is greater than the low gas 
s~de pressure drop through the spray dryer chamber 

- The technolog utibzes dry hydrated hme as the reagent Instead of slaked hme sluw Thls 
reagent mav not be as readdy avadable m certm locations 

? 

3 The cvlrndncai reactor deslgn has not been demonstrated m large ut~hty slze ~nstallatlons 
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3 4 3 Furnace Sorbent Injection 
* 

The Furnace Sorbent Inject~on tecb~.olgy kas been investrgated as a part of the US DOE Clean Cod 
Technolgy Program Ths mvesngation, desrgnated Lrnestone &lechon Multistage Burner (LIMB), 
IS shown In (Exhlbrt 3 4-8), 

The calcium-based sorbent, such as lunestone or hme hydrate, IS introduced dlrectly mto the boller 
cavity When exposed to furnace temperatures, the sorbent decomposes to form h e  particles 
whch capture SO2 m suspension to form calc~um sulfate The reaction sohd product is removed 
wlth ash m the particulate control devlce Hurmcfificahon of the flue gas before ~t is treated m the 
partrcdate control equpment enhances SO2 removal If the parhculate matter IS collected m an 
electrostatrc precrpltator (ESP), humdrficabon of the flue gas is beneficla1 tn m t m g  the ESP 
performance 

In the FSI process the followmg reactions take place 

(1) CaC03 - CaO + C02 Calc~nation 

The most mportant vanable a£Fectmg the calcrnatlon and sulfatron reamon IS the gas temperature at 
the point of sorbent inject~on A peak m SO2 removal occurs for most sorbents m the range 
between 1300°C and 1000 "5 At iugher temperatures, sorbent deactivahon lowers SO2 removal 
At temperatures below 1000 C, the reactlon rates for both calcmbon and sulfatron are s~gdicantly 
reduced Typrcd furnace profile mhcatmg lqectron pomts IS shown m Exh~b~t 3 4-9 

SO2 emsslons can be reduced by 30-60% depenchg on the type of sorbent used, Cat3 rabo and 
level of hmd~fication W~th fine pmcle slze hes tone  and CaIS ran0 of 2 to 3, the muurnurn SO2 
removal is m the 3 range Hurmacatron of the flue gas WIU enhance the removal efficiency 
by 10% but adds to the caprtal Investment reqwrements for the process 

Although the technology was first mvestigated wth the expectahon that hestone would be an 
effective reagent, other reagents were also evaluated m the program Under s d a r  furnace 
temperature condmons, the mjecnon of h e  hydrate urlll yeld an SO2 removal in the 50-60% range 
(Exh~b~t 3 4-10) The SO2 removal performance can be also unproved by recychg portions of the 
collected sohds For ths reason, hydrated calcrtic or dolomtrc h e  is presently considered the 
reagent of choice for the FSI technology An excephon is the LIFAC process developed by 
Tampella, but ths  process requlres the use of a hurmddicahon reactor to acheve sipficant SO2 
removal efficlencles 

Process advantages are 

1 The technolgv is well suited for apphcatrons requlrang only moderate reduction m SO2 
emsslons and would seem most apphcable to low s u b ,  hgh ash content fbels 

7 - Mmmurn cap~tal investment and m m u m  system modrficat~ons are required to lmpiement 
ths technology 
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3 Mmmum plot area is requ~red for the appbcatron of thls technology 
% 

Process Disadvantages are 

1 For moderate suhr ,  low ash coals, FSI can lncrease the parhculate loadmg m the bo~ler and 
In the prnculate control devlce by two-to-threefold Thls d~sadvantage should not apply to 
most fuels m Kazakstan 

2 Potential of boller tube fouhg and slaggmg due to rncreased sohds loadmg and reduced ash 
hslon temperatures 

3 Low SO2 removal effiaency 

32 Cornpanson of Ahernatwe Technolomes 

The World Bank has completed a prehmary mvemgabon of alternative s u k  dioxlde control 
technoioges and has concluded that hgh stacks are no longer recommended as a means of lrmrtmg 
ground level SO2 concentrations In evaluatmg a s s i o n  control kechnolo@es (Exhb~t 3 5-1) the 
Bank has md~cted a preference for dry s u b  oxlde removal systems over wet The pnmary 
reasomng behmd ths  conclusion 1s the lower mvestment costs, the reduced use of energy and water 
and the need to handle separate desulfimzatlon waste products 
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SECTION 3 EXHIBITS 
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FLS-Gas Suspension Absorber 

The FLS rmbe Gas Suspension Absorber 
IS located between the lncrnerator or the 
cogenemuon boller and the dust and 
ash preclpltator 

It conslsts of 
*A cvlrndncal reactor 
*A separabng cvclone incorporating 
a svstem for recychg separated 
matenal to the reactor 
*A slurry preparahon svstem u hlch 

Gas suspension technology 
and recychg 
One of the reasons for the hlgh efii- 
clency of the GSA process is that the 
absorber IS based on gas suspension 

Autornahc process adjustment 
An effectwe morutonng and control sys- 
tem automabdy ensures the requved 
level of c l e m g  wMe keeping h e  
consumpbon to an absolute mumum 

The m a n  parts of the system 
compnse three control loops 

technology Thls means that a very 
large concentrabon of fly ash dust 
pmcles  and lune bullds up mslde the 
reactor Thls concentnbon wdl normal- 
ly be as hlgh as 500 2 000 g/Nm3 
(200 000 800 000 gmnes/scf) 50 100 

1 The first loop contmuously controls 
the flow of cvculatu~g absorbent to the 
reactor based on monitonng of the 
amount of flue gas 

The large reacbon area and even 
dstnbuhon m the reactor of the absor 
bent provldes for efficient mwng of the 
h e  wth the flue gas At the same tune 
the large volume of dry matenal pre- 
vents the s l u m  from adhenng to the 
sides of the reactor 

proporbons the slurry to the reactor 
vla a spray nozzle bmes as much as m a conven 

bond reactor 
The effect IS further enhanced by 

the fact that the h e  fly ash and by- 
products are recycled about 100 tunes m 
the GSA system 

The hgh  u u h o n  efficiency of the 
absorbent through recychg means 
lower concentrabon of unreacted h e  m 
the by product and thus a rmnunum of 
by product resldue 

A smple and effectrve process 
The flue gases kom the lnclnerator or 
boder are fed mto the bottom of the 
GSA reactor where the) are rmxed wth 
the vaporized hme slurry 

Dunng the dryrng process m the 
reactor the h e  slurry reacts wth the 
acld flue gases thus capturing and 
neuhahmg them 

The parbally cleaned flue gases are 
passed on vla the separatmg cvclone to 
an electrostabc precipitator or a iabnc 
Filter whlch removes the dust and ash 
parhcles The flue gases whrh have 
now been cleaned accordmg to requue- 
ments are then released mto the atrnos 

Clara flus (yu 
A 

phere vla the stack 
The soLds contatnlng the removed 

substances and resldual h e  are s e p  
arated m the cvclone 4bout 09 k of the 
so11ds are recuculated to the reactor vla 
a screw conLevor unde onh aoout l "m 
leave the wstem m the form of b\ 
proauct 

Tne GO "m n~ch 1s rec~rcu~ated to the 
reactor IS sull pad! reactwe Tnls 
means that the reclrcuiated h e  IS stdl 
able to react w~th and neutralize the acld 
gases ln tne flue gas 

In aaaluon the 01 ash m the flue 
g x e +  makes a Dosluve conrnouuon to 
the neuralmuon process to a much 
hlgner aegree than IS the case In con 
xentlonal wnl a n  flue gas cleaning 

DlantS 
Tne CSA procesq means an extrt- 

men enlclent utlllzauon or Ule nme 
qlum 2-a il\ asr thus reauclng requl 

-I bme slurry pnpantlon 



7he three loops of the nutomaftc 
pmces control syslem 

2 The second control loop ensures 
that the flue gas 1s cooled down to a 
sultably low temperature in order to 
o p m e  the chermcal processes Thls IS 

acheved b ~ .  the addlhon of extra %arer 
through the iune slurry nozzle 

a It IS unportant that the amount of 
uater spraved Into the system 1s d u a l s  
matched to the volume and tempen 
ture of the flue gas as a too IOU tempen 
ture means a nsh of acid condensauon 

3 Tne thua control loop controls ume 
aaditlon Tnis IS done D\ monitonnp 
tne iiou of flue gas and its acid conten- 

Tnese parameters are constanti! 
monitored and are used b\ the contro 
s\ stem to caiculate the proporuonng 
rare or the lime s l u m  pump 

@ Tne ~ L S G S I  is the onh acla gas clear 
ing s\ stem on tne marhet unicn propoi 
uons lime alrectl! accordlnp to mon 
rorea results T h ~ s  mrtne- contnoutes ro 
marntalnmc a ion let el of urne consunr 
UOI' 



Lzme consumptron and cleantng factorfir SOL at coaljired power statzo?ls wrtla ~ a b n c  
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TYPICAL FURNACE TIME-TEMPERATURE PROFILE 

SORBEhT IhTJECTION LOCATIONS "D" AND "E" 
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VFOP - V e r t w l  Furma Outkt P k r *  E 



#,Sf GAS TEMPERA, ?IRES Of 

100% LOAD 



Table 2 
SO2 removal efflc~enc~es for ~nject~on 

at 181 ft levei at a 2 0 Ca/S ratlo 
with mrnlrnal hurntdtf~catlon 

Nomrnai coal sulfur, wt % 

Sohent 3 8 3 0 1.6 

Lgno l~me 61 63* 53 

Commercial calc~t~c h e  58 55* 5 1 

Dolom~tx l~me 52 48 45 

b e s t o n e  (80% < 44prn) NTt 25 22 

* Determ~ned durrng the EPA LIMB Demonstrabon 
t NT = Not tested 

F I ~  3 Effect of coal sulfur (SO,) concantratm on SO, removal while 
rnjectmg dolom~tic hme at elevatm 187 ft 
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SULFUR OXIDES 
POLLUTION PREVENTION AND CONTROL 

Tradmonally measures dengned to reduce locallzed ground-Iwel concenmnons of SO, utdlted hlgh lmel 
cispenion h i e  these measures reduced localrzed health 1mpact.s it IS now &ed sulfus compounds m ~ e i  
long dmances m the upper atmosphere and can cause damage far b m  the on@ some The long-term 
0bjeCme must therefore be lo reduce total ermsslons 

Approaches to L m ~ t  Ground-Level Amb~ent Concentrat~ons 
Locafron The extent to whlch SO, emslons ham human health depends pnmanly on ground-level amblent 
concenmnons numbers of people exposed, and the durauon of exposure Source locanon can affen these 
parameters thus plant slung n a cnncai fearure m any SO, management m t e g y  

Managemenf The human health Impacts of most concern are shon-tenn exposure to SO, concenuauons abo\ e 
1000 mcrograms per cubic meter (measured as a 10-mute average) Therefore a pnonty must be to hrmt 
exposures to peak concennauons Industrial sources of sulfur oxldes should have emergency management plans 
to be implemented when concenuauons are reach predetermxned levels Emergenq management plans rnav 
lnclude anrons such as usmg allernawe low suifw fuels or shumng down major emtters unul concbuons 
Improve 

Stack tecmology Tra&~onally ground-level ambient concentrations of sulfur Qoxlde were reduced b) emmg 
gases through tall slacks Smce thrs method does nor address the pmblem of long-range deposlhons of sulfur and 
merely drsperses the pollutant, thu strategy 1s no longer recommended The accepted approach 1s to des ip  
stack. helght m accordance wth  Good Enpeenng Pracuce [for example see 40 Code of Federal Regulafrons 
Part 50 IOO(u)] 

Approaches to Lmrt Emlss~ons 
The pnnnple approaches to conml SO, emssions d u d e  use of low sulfur fuel sulfur reducnon or r e m o d  
use of appropriate combustlon technologes and Flue Gas Desulfunzatlon (FGD) 

Cholce of fuel Slnce sulfur ermsaons are proporuonal to the sulfur content of the fueI an effecab e means of 
reducing SO, ermssions IS to burn low-sulfur fuel such as naturaI gas low-sulfur oil, or low-sulfur coal Natural 
gas has the added advantage of ermttlng no pamculate matter when burned. 

Fuel-cimlnq The mos  ngmficant opnon for reducmg the sulfur content of fuel u called bmefiauon Much of 
the sulfur m h g h  sulfur coals (up to 70 percent) n m pyntlc or meral sulfate form, not chemcdly bonded to the 
coal Coal benefinauon can remove 50 percent of pvrrtrc sulfur and 20-30 percent of total sulfur (cod 
benefinauon n not effectwe m removing orgunrc sulfur) It also removes ash responsible for particulate 
emssions as tius approach ma) m some case. be cost-effemve m controhg emrsslons of sulfur ovldes but 
gserate large quanuues of sol~d waste and a a d  wasteuaters whlch must be properiy treated or dqosed  

kEur m oil can be removed w t h  chenuul desulfunzauon processes but Uus IS not a wdely used commercial 
technologj 

Combumon r n o ~ c a t l o n s  The two methods for controlImg e m s o n s  of sulfur ox~des through combwon 
r n o ~ m u o n s  are flmd~zed-bed combmon (FBC) and sorbent rnjectlon FBC uses a h e  or dolomte bed m rhc 
combustlon chamber The flud~zed bed absorbs the sulfur oxldes that are generated 

Soment mjemon m o l ~ e s  a d h g  an compound to the coal combusnon gas= for reamon uxh the sulfur 
Qoude Tyxcal calaum soments mclude lune and vanants of ~JILS compound SoQurn-based compounds are 
also used Sorbent mjecnon pmcsses remove 30 to 60 percent of sulfur oxlde ermsslons 
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Flue =as desulfunmnon The two basic melhods of FGD svstems are regenerable and throuawal Borh methods 
ma, mclude wet or dn processes Currentlj, more than 90 percent of u ~ l l t y  FGD synerns use a wet throwaway 
system process 

Throwaway svstems use meqenslve scrubbmg m d u m s  whch are cheaper to replace than to regenerate 
Regenerable Sj5taI-S on the other hand, use e ~ ~ l v e  sorbents whch are RUIvered by stnppmg sulfur oxldes 
bxn the scrubbxng m d u m  These produce useful byproducts mcludmg sulfur sulfunc and, and gypsum. 
Regenerable FGDs generally have higher capital costs than throwaway systems but lower waste dsposal 
requements and costs 

In wet FGD processes flue gases are saubbed m a liqu~d or hqud/soiid s l q  of h e  or h e s t o n e  Wet 
processes are hghly effinent and can adueve SO, removal of 90 percent or more Wlth dry smbbxng, soild 
sorbem capture the sulfur hoxlde Dry systems have 70-90 percent SO, remo~ a1 effinencles They have several 
advantages over wet processes ?bey have lower capital and operatmg costs use less energy and water requre 
less rnamtenance, and eirmmate the need to handle sludge 

The table below compares removal eficlenaes and cap~tal costs of SO, emsslons control svstems 

Comnansnn of SO- Em~ss~ons Control Svstema 
- - - - - -- - - - 

Svsrern Percent SO, Reductron Capital Cost SLkW 
Sorbent miecuon 30 - 60 70 - 120 
Dry flue gas 70 - 90 

Wet flue gas sulfunzauon 90 150 - 280 
Source hslrokr. 1992 

Monrtonng 
The three types of sulfur oxde morutonng systems are continuous spot sampimg, and surrogate morutonng 
Continuous stack morutonng (CSM) lnvolves sophst~uted eqmpment whch requres t m e d  operators and 
urefui mamtenance Spot sarnpimg IS paformed by drawmg gas samples from the stack at regular mtenals 
Surrogate momtormg uses opwtlng parameters such as fuel sulfur content. 

Recornmendat~ons 
The trahtlonai method of 5 4 :  d q e r s ~ o n  through hgh stacks IS not recommended m c e  ~t does not reduce total 
SO, loads m the enwonment. Natural gas LS the preferred fuel m areas where it LS &ly avalable and 
econonucal to use Methods of redumg SOX generation, such as fuel c l m g  systems and cornbumon 
rnoU~catxons should be exarmnd The lmplementauon of these methods may avoid the need for FGD systems 
Prefer dry sulfur oxlde remowl systems over w n  

Further InformaUon 
The follow~ng are suggested as sources of addltlonal mformauon (these sources are provided for guldance and are 
not mended to be comprehcnsrve) 

Cooper C and F Allel 1986 Atr Pollutron Control 4 Desrgn Approach Prospect Heights nilnois Waveland 
Press 

Godtsh, Thad 1991 Arr Qualip Chelsq Mchgan L m  Pubhshers 

h a t a o b  S 1992 TechruuI Note Coal B u m g  Plant and Ermsnon Contrul Technologes 

Stem C R Boubel D Turner and D For  1984 Fundamentals ofArr Pollutron Orlando Florida Academc 
Press Inc 

n c  xnfonnauon m hu s u m m a n  n for use by Uiorld Bank stdfand c o n a u l ~ u  m cvrirng out h e  p o l ~ c ~ c r  sn om m OP 4 0 1 Env~ronmcnul 
kscssrncnl, m d  related docurncnu 



7 C Indurrrul Pollutron h v e n u o n  and Abucrnent 

&- SULNR OXIDES POLLUTION PREVENTION AND C O m O L  
June30 1995 

3' 

Stultz, S and J Kitto (eds ) 1992 Steam Its Generatron and Use Barberton, Ohlo Babcock & Wiicox 
company 

Vatavuk, W 1990 Ertrmatlng Costs o f A v  Pollurron Control Chelsea, Mclugan L m  Pubmen 

World Bank 1992 "Steam Coal for Power and I n d m  Issues and Scenarios " Energy Senes W o h g  Paper 
No 58 I n d m  and Energy Depamnent, Washmgton, D C 

-I 

Thc mfomauon m ~ h u  mmmarv u for u c  bv World Bank &and conruhanu m cammg outchc po l~c~cs  m our m OP 4 01 Envtmrunenr;ll 
Awemrncn< and related documcnu 



4 1 I Effect of Pollutants tn Waste Water 

The effects of poIIutants m waste water are strongly dependant on the type and toxrcity of the 
spec~fic pollutant and the steam into whch lt IS bemg drscharged Man\ chermcals have been 
~ d e d e d  whch have been found to be h a d i d  to manne lge even m very small concentrations and 
thrs IS especially true of certam orgmc compounds Waste products that are not fully ox~dized mav 
have a s~@cant Chemcal Oxygen Demand (COD) and may thereby reduce the oxvgen content of 
the water, whch is also harmful to manne Me 

Waste water generated dumg the operahon of thermal power plants however, are pnmanly of the 
morgaruc type vvlth the tox~city of heavy metals of pnrnary concern Toxmty of ths  type of 
pollutant is sometunes less apparent, wth  damage to the enmonment occunng slowly, over a long 
penod of time 

4 1 2 Regulation of Pollutant Concentrations m D~scharge Water 

In 1972 the Congress of the Umted States passed the Federd Water Pollution Control Act The 
1972 law requxed all mumapal and mdustnal waste water to be treated before bemg discharged into 
a waterway Under ths law, the EPA was requlred to estabttsh federal h u t s  on the amounts of 
speufic pollutants that could be reieased by mumclpal and mdustnal facht~es 

These "effluent hmtat~ons" were to be based on the level of cleanup that could be acheved usmg 
exlstmg technologes and were to take mto account how much fi would cost The h t s  were to be 
wntten mto "NaQonal Pollutant Discharge E b m a t ~ o n  System" (NPDES) pemts  whch would be 
issued to all drschargers 

At present, the most senous of these polIutron problems are excesswe levels of toxlc pollutants 
T o m  pollutants come both i?om speclfic lschargers and from contammated runoff from "non- 
point" sources such as pmcldes and ferhhzers from farmland and oil and other pollutants from city 
streets 

Standards for discharge (NPDES) have continued to be moddied over the last 20 years and there are 
now water quahty standard for more than 100 chmcals for discharge to both flesh and salt water 
The concentration h u t s  usually prowde both a maxrmum Iurut and a longer term, average discharge 
h t  The US Congress IS expected to amend the exlsbng clean water regulations m the near future, 
and it IS beheved that t h  will result is adhtional h u t s  on Qscharges from power plants 

As descnbed above, speclfic hrmts for waste water discharge depend upon the toxlclty of the spec&c 
pollutant and the water urto whch ~t is discharged In adhtion, h u t s  sometmes d o w  for the effect 
of a " m n g  zone", where the hscharged water is drluted by the accepting stream Smce addttional 
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specie d~scharge 11ms mav be set by reyonsl autbontres ard even t h e x  ;Ire i m e r  ccnmtcus 
rmerv, rt is lmposs~ble to prowde a usem hst of waste water discnarge hms 

The World Bank has rssued Iiquld effluent huts for thermal power stations and these are llsted 
beiow 

Total ReslduaI Cblorme I O 5 mgA O2mgfl 

PARAMETER 

pH 

Total Suspended Sohds 

Od and Grease 20 mgfl 10 mgA 

PRESENT Llhff T I PROPOSED L M T  

Chromum (total) - 

6 to 9 

50 mgl  

O5mgA 

Chrormum (+6) 

copper 

Iron 

W e  these lmts  address only a few of the metals potentrally present tn waste water discharge, ~t 
s h d d  be noted that waste water treatment process, reqwred to achme these lunrts, wdl result m a 
sipficant redurnon m the presence of other metal contarmnants as well 

6 to  9 

50 mgA 

Heavy Metals, Totd 

Temperature Increase 

Water dscharge lmuts for Kazakstan are presented m Extubst 4 1-1 These h u t s  reflect allowable 
&scharge water quahty after drlutron by rmxlng (1 km downstream of the pomt of &scharge) 
Where the acceptmg body of water rtself does not meet thts qualrty, appropnate ad~ustments to the 
standards are made 

- 
- 

A vanety of waste waters may be generated tn the operatron of a thermal power plarrt The r q o r  
sources and thm compomon are identrfied m t h  w o n  

0 1 mgA 

0 5 m g  

Nickel 

zmc 

* Includes rm~ng zone thermal dtlut~on 

10 mgA 

* 
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4 2 1 Waste Water from Condenser Cooiing 

In power plants wth once-through condenser coolmg systems, water is pumped from a lahe m e r  or 
ocean through the condensers and is discharged into the same bodv of water The compos~tron of 
thls water 1s not changed except for its temperature and the presence of brocides used to control 
condenser tube foulmg 

The temperature of once-through cooling water is generally rncreased bv 5-10°C because of heat 
absorbed in the condenser, and ths  heat is rejected to the envlronrnent by the d~scharge of cooling 
water to the lake, nver, or ocean Chlonne m the form of gas or sodium hvpochlonte solution 1s the 
biocide almost always used, and IS either Injected m a shock dosage of about 3 d i g r a m s  per hter 
(mgll) for 2 to 3 hours per day or continuously qected at a lower dosage such as 0 5 mg~l  Some of 
the chlonne is consumed by reactions wth orgmc compounds in the coohng water, but some 
chlonne also remms m the coohng water dmharged 

In power plants wth coolmg towers and recirculating coohg water systems, makeup water is 
pumped from a nver, lake, or well to the coolmg tower basm Recirculatmg coohg water is 
pumped from the coohg tower basm through the condensers to the top of coohg towers Heat 
absorbed m the condensers is rejected to the enwonment through evaporation of a portion of the 
recirculatmg coohg water and also through heat transfer from the rec~rculatmg coolmg water to the 
mr 

Because some of the reclrculatmg cooling water IS contmuously evaporated, the d~ssolved lmpunties 
become more concentrated and some porhon of the reclrculatmg coolrng water must be 
contmuously sent to waste as coohng tower blowdown Makeup water must be cont~nuously added 
because of system losses fiom coohg tower blowdown and evaporation 

Lihe oncethrough condenser cooling systems, a biocide such as chlorine is used to control 
condenser tube foulmg m recuculatmg coolmg water systems Agam, it would either be qected In a 
shock dosage of about 3 d g r a m s  per liter to 2 to 3 hours per day or contmuously Injected at a 
lower dosage such as 0 5 mgA If coolmg tower blowdown cannot contam chlome due to 
environmental restnctlons, coolmg tower blowdown can be temporanly halted when chlonne IS 
being mjected m shock dosages After shock chlonnatlon, the chlonne concentration gradually 
decays to zero over approximately one hour, and coolmg tower blowdown can be resumed 

4 2 2 Waste Water from Stat~on Water Treatment Processes 

4 2 2 1 Fdter Backwash 

When boiler feedwater makeup is supphed fiom a lake or a nver, a pretreatment system is needed to 
remove suspended sohds Backwash water fiom granular media (sand or anthracite) £ilters is 
sometunes recovered and sometimes mscharged as wastewater Its composition IS the same as the 
lake or nver except for a hgher concentraQon of suspended sohds 
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4 2.2 3 hlaheup Demneralizer Regeneration Waste 

The hgh pressure bollers m electnc generating statlons requlre hlgh puntv maheup water essentialh 
free of dissolved Impurities, and th s  water is usuailv produced bv an Ion exchange svstem When 
Ion exchange materials are exhausted a portlon of the svstem 1s removed from semce and 
regenerated by backwashmg, chermcal rnjection (sufinc acld for cation exchange matenai and 
sodium hydroxtde for amon exchange m a t e d )  chemcal displacement and nnslng 

The sulfknc acid and sodium hydroxlde whch are not consumed in the regeneration d l  neutralee 
each other, but the combmed wastewater is almost always aadlc or akalme and needs to be h r t h c  
neutralized The combined wastewater is comprised mostly of dissolved sodium sulfate 
(H2S04+2NaOH - Na2S04+2H20) and also contam the dissolved lmpunt~es whch were 
removed fiom the boller feedwater makeup Total dissolved lmpunties are generally m the range of 
5,000 to 10,000 mgll 

4 2 2 3 Condensate Polisher Regeneratron Waste 

Condensate pohshmg systems make use of  on exchange matenals s d a r  to the makeup 
dermnerahzer system Waste water fiom condensate pohsher regeneration is the same as makeup 
demerallzer regenerahon waste except for the presence of uon and copper oxldes and ammoms 

U d k e  makeup dermnerahzers, condensate pohshers are deagned to remove suspended sohds The 
suspended sohds m condensate are uon and copper omdes fiom corrosion wthxn the boder-turbme 
cycle, and these are removed £ram the ron exchange matenals dunng regeneration Ammoma 1s 
often added to the condensate to control corrosion and is removed by cation exchange matenal m a 
condensate pohsher When the cahon exchange rnatenal is regenerated wth  sulfuric acld, ammoma 
d be present m the regenerant waste in the form of ammomum sulfate (NI-I&S04, usually at a 
concentration of approxunately 400 mg/l 

4 2 2 4 Boller Blowdown and Other Boder and Turbme Budding Drams 

Because of the evaporahon of water mto steam, hgh  punty feedwater 1s concentrated approxlmateIy 
100 tunes m a boiler Conbnuous blowdown from the steam drum contms approximately 25 mgA 
of total d~ssolved sohds, and these are mostly so&um hydroxlde (NaOH) Sodium phosphate, 
Na3P04, 1s also present when the power plant does not have a condensate pohsher and phosphate 
treatment is used m the boiler Boder blowdown can also contam as much as 1-2 mgA of iron and 
copper oxldes 

Other boiler and turbine burld~ng drams can Include waste water fiom a vanety of sources mcluding 
leakage fiom pump seals, equipment dram, and equipment washdown At tunes, these dram may 
contam signxficant concentrafions of oil 

4 2 2 5 Au Heater and F~reside Wash Waste Water 

Most coal fired power stations are prowded wth  equipment to spray water over the sllr heater and 
other fireade areas L T ~  the boiler and thereby remove deposfis whch are not removed by 
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sootblowmg Although ax  heater and fireside mash only occur mntermttenth nhen rhe boder is out 
of semce, these washes can generat: a large volume of waste water In some poner plants the 
flow is as hgh as 1700 gpm (385 m3/hr)for as much as 1 to 3 hours 

A r  heater and fireslde wash waste water can contam 1000 to 20,000 my1 of dlssolved solids 100- 
4000 mgA of Iron, 0-1 00 mg/l of anv of a vanety of heaw metals (alummum, zlnc chromum lead 
cadmum and others), and 2000 to 3000 mg/l of sulfates Sulfates are generated bv the oxidation of 
s u l h  dumg combustion These lower the pH of ax heater and fires~de wash waste water to a range 
of 2 to 4 

4 2 4 6 Coal Pile Runoff 

At power plants where the ram water runoff fiom coal storage plles cannot be allowed to percolate 
Into the ground for enwonmental reasons or where the ground is naturally mpermeable, coal pde 
runoff is a source of waste water The compos~tion of coal pde runoff is very vanable for the 
following reasons 

A hgher quanttty of suspended solrds wll be washed away from soft coals than fiom hard coals 

A hgher quant~ty of suspended sohds d l  be washed away from soft coals than from hard 
coals 

Cod whlch has been exposed to ram water followed by fieenng and thawmg wll generate a 
hgher quantlty of suspended sohds 

Coal w th  a hgh ash content d cause the runoff to be hgher in total dlssolved sohds than 
low ash coal 

Runoff fiom high sub coal d have a lower pH than low sulfur coal 

Runoff mth a low pH wd drssolve a hgher quantity of heavy metals than runoff w th  a hgh 
pH 

Coal whch has previously been exposed to ram water w1l generate a lower quantlty of 
rmpunt~es than coal whch has not been exposed to ram water 

4 2 2 7  Ash Handlrng Waste Water 

The quantity of ash handhng waste water generated depends upon the spectfic design of each ash 
handhg system These f a c h e s  can be designed to rrrrmrmze the quantlty of waste water generated 

Three examples of bottom ash handlrng systems are as follows 

a Ash can be conveyed away fiom the bottom of the boder as a 1% slurry m water by means of 
centrrfbgal or jet pumps wth  ash being allowed to settle m a pond Ash pond overflow can 
then be treated 

* 
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b Ash can be conveyed away irom the boiler as descnoed above ma asn pond o\erilox\ c x  be 
reused to convey more ash Thls reduces the quantlty of waste water to be treated 

c 4sh can be conveyed away from the boiler as a 20% slurrv m water bv means of a drag cham 
conveyor In tfus type of mstem ash hsposal area overflow 1s only a result of ranfall therebv 
&her reducing the quantrty of waste water to be treated 

Fly ash can be transferred to a dsposal area by mwng rt wth the bottom ash slurry descnbed In 
examples a) and b) above It can also be transferred on mechmcal conveyors afier it has been 
wetted, and ths  wdl also reduce the quantlty of ash handlmg waste water generated 

Ldce coal plle runoK the composltlon of ash handlmg waste water IS very vanable and depends on 
the spec& charactmstlcs of the ash at each power plant It 1s s d a r  to coal pde runoff because ash 
has a sudar composition to the coal bemg used except that the carbon and sulfbr have been burned 
off Because much of the s u h  has been burned off, ash handlmg waste water tends to be less 
a a h c  than coal plle runoff, and because rt a less acihc, smaller quanfines of heavy metals tend to 
dmoive rnto rt from the ash A summary of the ranges of lmpumes whlch can be expected IS 

presented m Exhtb~t 4 2-1 

4 2 2 8  Roof and Yard Dramage 

The dramage fiom some outdoor areas, such as around transformers and od storage tanks can 
potentrally be contammated mth od, and the dramage system IS usually dlvlded so that these waste 
waters can be treated separately Roof and yard drmage from other areas u generally not expected 
to contam pollutants 

4 2 2 9  Samtary Waste Water 

The samtary waste water at a power plant wdl have a composltlon s d a r  to typical munlclpal waste 
water as shown below 

Btochemcal Oxygen Demand, BOD 200-400 mgA 
Chemcal Oxygen Demand, COD 500-800 mgfl 
Total Suspended Solids, TSS 200-400 mg/l 
PH 7-8 
Amrnonla, NHq as N 20-35 mgA 

4 2 2  10 Boiler Water-Slde Chemcal Cleanmg Waste Water 

Boller water-side chermcal cleanmg n requred when depoats consistmg of rron, copper, hardness 
salts, or other compounds lnhtblt heat transfer across boder tubes, and occurs about once every 2 to 
5 years Chemcals used for cieaxung are ammomated solunons of ather hydrochloric aad, crtnc 
acld, or EDTA (ethylene d~amme tetra-amc acld) The resultmg waste water ~s a combmabon of 
these chemcals, ammoma, and the deposits whlch have been removed After chemcals are dramed 
from the boder, ~t IS usually rrnsed several tunes, and the nnse also becomes a waste water 
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4 2 2  11 Flue Gas Desulfbnzat~on (FGD) Waste Water 

Ethe plant mcludes a wet flue gas desulfimzat~on system, a waste water biowdown stream mav be 
generated (dependmg on the type of FGD system and the cNonde concentration in the coal) 
Typical charactenstics of these waste waters are shown m Exh~bit 4 2-2 

AJ Methods Of Treatment 

4 3 1 General 

The methods of treatmg waste water vary from one power plant to another The followmg is a 
summary of the most common approaches used m recent U S power plants 

Condenser coohg waste water - no treatment 

Filter backwash - treated m central waste water treatment system (CWTS) 

Makeup demnerher regeneration waste - treated m CWTS 

Condensate pollsher regenerat~on waste - treated m CWTS 

Boiler blowdown - treated m CWTS 

Boiler and turbme buddmg drams - treated m an olllwater separator followed by the CWTS 

Au heater and fireside wash water - treated m the CWTS 

Cod pde nxoff- twted 111 CWTS 

Ash handhg waste water - treated m CWTS 

Roof and yard dramage - yard dramage potentially contammated wth od xs treated m an 
oiVwater separator, other roof and yard dramage is not treated 

Samtary waste water - treated in a packaged, extended aeration, bioloycal treatment system 

Boller water-side chemcal cleaomg waste water - treated m CWTS 

Flue gas desulfunzabon waste water - treated m a CWTS or a separate system very sirmlar 
to the CWTS descnbed below 

4 3 2 Central Waste Water Treatment System (CWTS) 

A summary of the processes usually mcluded m a central waste water treatment system is as follows 

1 E q u h t x o n  
2 pH Elevation 
3 Oxidation 
4 Coagulation 
5 Sulfide Preqitabon 
6 Cladicatxon 
7 Granular Media Filtration 
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3 pH Adjustment 
9 Sludge Dewatems 

The CWTS usually ~ncludes an Equallzatton Basln whch recelves the vanous waste waters 
descnbed previously Thls basrn has three mam functions 

1 To dampen the effect of hlgh instantaneous flowrate waste waters such as ax  heater wash 
and allow its treatment at a lower flowrate 

2 To allow for some self neutrahzation of vanous waste waters (for elampie ash handling 
water can be allralrne and coal prle runoff can be acidic) 

3 To dampen the effect of hgh mtantaneous concentratrons of a particular pollutant and allow 
the CWTS to treat a waste water wth more uxuform charactenstxcs 

pH Elevation to approxunately 9 5 is accomphshed by the addition of either llme - Ca(OH)2 or 
sodium hydroxde - NaOH One of these two chemcals IS added to a tank wth a retention tune of 
about 10 m u t e s  and a mechamcd m e r  pH elevatron serves two purposes (1) most of the heavv 
metals such as ruckel, cadmum, arsemc, cobalt, lead, selmum, and nnc are preclpitated from 
sohrtlon as hydromdes, and become suspended sohds Instead of dissolved sohds, (2) rron and 
manganese are more easdy oxldxzed Th~s precipitaoon of heavy metals is descnbed m Exh~bit 4 3-1 

Oxldatmn 1s accomphshed by bubbhg arr through spargers m a tank wth  a retentxon tune of 
approxunately 10 m u t e s  Most of the non and manganese preapitate from solutron as oxldes and 
become suspended sohds ~nstead of chssoived sohds 

Coagulabon 1s accomphshed by addmg a solut~on of femc sulfate to a tank wth  a retention tune of 
about 10 rmnutes and equrpped mth a m e c h c a l  m e r  Iron hydroxde precipitates fiom solubon 
and causes s m d  suspended pmcles to agglomerate mto larger suspended particles Larger 
suspended particles wdl settle more rapldiy m the downstream cianficatron equipment Sometunes a 
coagulant ad or polymer is also added to enhance the coagulabon process 

Sulfide Precrprtat~on is accomphshed by addmg either sodmm sulfide - NaS or an orgmc sulfide to 
a tank wth  a retention tune of about 10 rmnutes Most of the heavy metals whch d d  not precrprtate 
fiom solutlon as hydroxtdes are preclpitated as d d e s  whch firther reduces the concentrat~ons of 
heavy metals m sotutron 

Clarrficahon is accomplrshed erther in a conventional c M e r  or a parallel plate separator Most of 
the suspended sohds ongmaliy present m the vanous wastewaters, as well as the suspended sohds 
created by the precipltabon of heavy metals, Iron, and manganese, settle out and are removed from 
the waste water 

A porhon of the suspended sohds (apprownately 5-10 mgfi) are not removed by clanficatlon, and 
these are hrther reduced (to about 1 rng~l) by granular media filtraoon Granular Media 
Fdtration IS accomphshed by passmg c l d e d  waste water through a bed of anthracrte and sand 
Fdter backwash 1s usually returned to the equalrzatlon basm 
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Because the waste water pH was elevated for heaw metal hydroxrde preciprtatron rt is too alkaline 
to be discharged and the pH must be reduced to a range of 6 to 9 pH Adjustment IS accomplished 
by addmg either s u l h c  or hydrochloric acid to a t a d  wth a retention tlme of about 10 m u t e s  and 
a mechmcal m e r  Treated waste water IS either w e d  wth the discharged condenser coolmg 
water or ~t is dlrectly dtscharged to a lake, nver or ocean through a submerged ~ s e r  

When suspended sohds settle m a clarifier or parallel plate separator, a 1 to 3% sludge is created 
Thrs sIudge may be duectly &charged to the ash dlsposal area or ~t may be Dewatered by means of 
a belt press or filter press Dewatered soltds are disposed m a landfill and atrate IS returned to the 
equal~zation basin 

By means of the processes descnbed above, a central waste water treatment system neutrahzes 
aadx  and alkahe waste waters to an acceptable pH range, removes heavy metals, removes Iron and 
manganese, and removes suspended sohds Typical Waste Water Treatment Flow Diagrams are 
presented m Exhlbtt 4 3-2 

An olVwater separator hncbons by passmg waste water downward through a senes of inclmed, 
parallel plates Small od deposits nse a short distance to the underside of each plate, come mto 
contact wth  other small 011 droplets, nse to a qurescent compartment above the plates, and dram 
through a connection near the top of ths  compartment Emuls~on breahrng chmcals may be added 
to a d  tn th~s  process Exh~btt 4 3-3 ~llustrates ths  system 

4 3 4 Extended Aerabon Biolog~cal Treatment 

In an extended aeration biolog~cal treatment system, s m t q  waste water is aerated to allow aerobtc 
bactena to grow to a sufficient mass to consume orgmc contarmnants Soluble and moluble 
orgamc contatmmts are converted to the mass of bactena cells and are then separated m a clarifier 
Cider overflow 1s usually d~smfected vJlth chlorine 

The resultmg eBuent wdl have a BODS of about 20-30 m g l  and tota.1 suspended solids of about 20 
mid 

The waste water treatment technologres descnbed m ttus semen have been developed by system 
supphers to meet the requirements of most hscharge standards Where special cond~tlons ex~st and 
certam hscharge h u t s  can not be acheved by these treatment technologes, it may be necessary to  
prowde a post treatment step to address a specfic pollutant 

Where soluble species, chlonde for example, must be h t e d ,  alternate approaches may be requlred 
Water treatment technologes whlch concentrate and evaporate waste wate-r streams prowde the 
possibd~ty of e h n a t m g  the water hscharge completely (zero &charge systems) Such systems are 
expenswe and extremely energy mtensive and are considered only m very unusual cmxmstances 

- 

+ 
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Waste water discharge standards should be carehllv considered to avoid the requirements for such 
systems 
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SECTION 4 EXHIBITS 
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Expected Ranges of Impur~t~es In Waste Water Streqms 

I Total Dissolved Solids ( 1 000-10,000 mS/1 I 500-3000 mg/1 I 

Parameter Coal Pile Runnoff 

Magnesium Mg 

1 Iron Fe 1 0-1 800 mg/l I 0-700 mg/I I 

Ash Handling Waste U ater 

Sodium, Na 
I I 

0- 1 00 mg/l 10-100 mg/l 

I I 

0-3 000 mg/l 

Manganese, Mn 

0-1500 mg/l 

Arsemc As 

Cadmum Cd 

Chromum, Cr 

Cobalt, Co 

Copper, Cu 

Lead, Pb 

Mercury Hg 

N~ckel, NI 

Selemum, Se 

Slhca, Si0, - 
Z~nc, Zn 
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0-50 mg/l 

Chlorides, C1 

Sulfates SO4 

Total Suspended Sohds 
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0-5 rngl 

0-20 mg/l 

0-40 mgfl 

0-2 mgfl 

0-50 mg/l 

0- 1 00 mg/l 

0-3 mg/l 

0-1 mg/l 

0- 1 5 mg/l 

0-1 mg/l 

0-80 mg/l 

0-1 50 mg/l 

0-1 mg/l 

0-1 mg/l 

0-1 mg/l 

0-5 mg/l 

0-5 mg/l 

0-5 mg~l 

0-1 mg/l 

0-1 mg/l 

0-1 mg/l 

0-50 mg/l 

0-5 mg/l 

0-2000 mg/l 

0-10,000 mg/l 

0-2300 mg/l 

0-1000 mg/l 

0-1000 mg/l 

10-2000 mg/l 



Expected Ranges of Impurities In Flue Gas Desulfurlzatron Svstem \.t aste Water Streams 

Chloride, C1 I 10 000-40 000 my1 I 
Sulfate SO4 

N~trate, NO3 

Fluonde, F 

Calcium, Ca 

Manganese, Mn 

( Iron, Fe I 30-400 mg/l I 

-- 

1 500-8 000 m g l  

300- 1,400 mg/l 

30-200 mg/l 

4,000-20 000 mg/l 

200-5,600 mg/l 

Sodium, Na 75- 1,200 mg/l 

Arsemc, As 

Boron, B 

I Cobalt, Co 

0 05-3 0 mgil 

20-40 mgil 

Cadmum, Cd 

0 05-0 4 mgil 

0 04-0 5 mg/l 
I 

Chromum, Cr 

Copper, Ca 

Mercury, Hg 

Lead, Pb 

Selemum Se 

I Ammomum, NHd I 50 mg/l I 

0 3-5 0 mgli 

0 1-0 85 mgil 

0 2-6 0 mgA 

0 1-3 0 mg/l 

0 2-1 0 mg/l 

Zinc Zn 0 4-8 0 mg/l 
I 

COD 
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100-150 mg/l 
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300-1 0,000 mg/l 



Hemy metals removal 
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U T I L I T Y  ASH POND TREATMENT 

SOLUTION: 
T h ~ s  s\ stem as ong~nall\  deslgned urll~z~ng a sludce blanker 
or sol~ds  contact n pe clarifier -\her careful re\ leu and testing 

3 lamella ilarlfier thickener u as proposed and ~nsralled T h ~ s  
approach w e d  the end user a s~gnlficanr amount ot  c lp~ ta l  
costs and also reduced the bulldlng area b~ oier >O00 The 
project n a s  completed lnclud~ng s tan  up In under 13 months 
and s~ stem pertormance IS better than ant~c~pated 

The untreated ash pond stream IS pumped to a Chemlcal 
Reactlon Tank u here the pH 1s Increased b~ addmg an a lkal~ 
"I nnorganlc coagulanr and an oudan t  are also added to 
chem~ca l l~  condmon the inlet stream Xddmg alkal~ starts to 
preclplrace the background consrltuenn lncludmg the Iron 
Ferr~c sulfare 1s added to m u r e  that there M 111 be enough Iron 
to lower the trace metals concentrations Copreclp~tat~onlab 
sorptlon mechanisms entrap and remove the trace metal 
constituents 

4s  the condmoned stream eurs  the reactlon tank fresh con 
centrated l~quid sludge 1s m~ved  M lch the stream The l ~ q u ~ d  
sludge 1s rec1 cled *ram the bottom ot  the lamella t h d e n e r  
The m ~ x e d  stream enters the Floc Tank where polvmer n 
added to  promote the formarlon of a dense floc The complete 
stream IS m n e d  uslng Ion mrensln mlxlng The srream flows 
bi gral In to the clarifier 

The clarifier th~ckener IS a lamella n pe unlt n h ~ c h  utlhzes the 
projected settling are3 created bi the lamella plates to pro\ ~ d e  
surfaces tor the floc to sertle on The stream 1s dlstrlbured onto 
t h ~  lamella plates \\ nere the floc on11 has a short dlstance to 
sertle betore ~t 1s out ot the nater  stream Treated ifater flons 

b\ p i l n  trom the lamella unlr to the Clmiicd \\arer Sror?, 
Tank betore belng pumped to dlsch~rge I t  the treated l i a t ~ r  15 

not n ~ r h ~ n  the specdied d~schlrge crlrerla the 11 ater can be 
pumped through a Cartr~dge F~lter The carrr~dge elements art 
capable ot  remo\lng xen smdl  mlcron slze prtrr~culare and 
n 111 Insure rhat the treated n arer qualm does not exeed  
d~scharge crlterla 

Floc collected on the lamella phtes moles d o n n  the surtaces 
ot  the plates under the forces ot  gral In &'hen the sol~ds reach 
the end of the plate the\ fall Into the thickener compartment 
The sol~ds compress as more materlal accumulares lncreasln: 
the d n  sol~ds concentratlon In the blowdonn stream 4 
scraper a ~ t h  thlckenmg pickets slou I\  mol es through the 
sludge bed pror ~d tng  a path for i t  ater to escape and Increaslnz 
the d n  sohds concentratlon of the I~qutd sludge The scraper 
also asures posltli e remo\ al of sludge 

The l ~ q u ~ d  sludge 1s turther treated uslng a recessed plate Fllter 
Press The l~quld sludge IS per~odicalh pumped d~recth  to the 
press The sol~ds  are caprured and form a filter cake n hlch 1s 
per~odicall) removed from the press The Fllter Press 1s de 
s~gned and controlled so that filter cake d n  sohds concentra 
tlon are m the 25% b\ xielght range The filtrate stream 1s 
recvcled to the front of the treatment plant 

The ultlmate goal for t h ~ s  facll~n 1x3s to  mole  toaard  zero 
d~scharge ti ater balance n here as much ot  the n ater as 
poss~ble be reused ~11th1n the plant n ~thou t  compromlslng unlt 
lntegrln Xdd~t~ona l  equipment could eas111 be added later ~f 
TDS or  other constltuents become a cons~derat~on 
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gravity separator 
for the removal of 
dispersed oil 
and solids from 
water. 

The Slant Rib 
Coalescing Separator 
is a highly effective 

COMPARTMENT 

the droplets are the sludge chamber before 
large enough to entenng the pack 
break free and nse  
rap~dly to the surface Separation Chamber 

GENERAL INFORMATION 
The Great Lakes Slant f i b  Codes 

clng (SRC) Separators are capable 
of effechvely separatmg 011s and 
sohds from water where the 011 and 
sohds have a specd~c gravlty drffer 
ent  than that of water The SRC per 
formance IS supenor to other gravlty 
coalescmg umts for the separauon 
of hspersed 011 and settleable sohds 
~ f f lu&t  concentrahons of hspersed 
od are less than 10 mgL The SRC 
Separators are X the volume and as 
little as the length of straght 
gramty separators 

The Slant Rib Coalescers are 
mstalled In rectangular tanks con 
t a~mng  spec~al baffles and wevs 
des~gned to d~rect  flow s k ~ m  011 
and control the liqrud levels m the 
separator P~tched sludge com 
partments are prov~ded below 
the separation chamber for easy 
sludge removal 

The separators are available In 
standard models w~th capacltles 
from 5 GPM TO 5000 GPM They can 
be ~nstalled above grade flush wlth 
grade or below grade as requ~red The 
separators can operate enurelv by 
gravlty or pumps can be supplied for 
product or effluent transfer when 
requlred 

DESIGN 
When certain matenals are 

placed In the waste water flow 
removal efflciencles of 011 Increase 
due to rmp~ngement on the~r  sur 
faces Plasbc media IS partwdarly 
effective because of Its oleoph~bc 
(011 attract~ng) charactenst~cs As 
fine 011 droplets lmplnge upon or 
pass close to the plashc surface 
they are attracted to ~t and adhere 
Add~bonal droplets contlnue to be 
attracted and coalesce or merge 
wlth previous droplets to produce 
much larger droplets At a pomt 

wherethey are skunmed 
or decanted Thls coalescing 
achon allows removal of snialler 
droplets than IS poss~ble mth  a 
straght gravlty separator 

The effechveness of any par 
acular coalescing me&a IS 
governed by several vanables 
dens~ty avmlable surface area 
vdoc~ty and drrecbon of flow and 
shape of the medra All of these 
vanables mfluence the potenbal 
contact area so ~t becomes of par 
bcular unportance to form the 
me&a properly to maxmuze con 
tact whzle mxmrmzmg blmdmg The 
Slant f i b  Coalescing (SRC) meha 
pack was designed mth  considera 
Uon of all these factors The SRC 
meha provldes greater coalescmg 
and sollds separalon area than any 
other med~a currently avdable 
The patented shape and speclfic 
spaclng of the plates provldes max 
m u m  protechon from blindmg 
whle provldmg a senes of inches  
that enhance sol~ds separat~on and 
a tortuous path through whch the 
water must pass T h s  cont~nuous 
change of d~rectron Insures a hrgh 
degree of 011 droplet contact on the 
plate surface w ~ t h  resultant coales 
cence and 011 removal The nbs are 
slanted toward the surface In the 
dxect~on of flow encouraging sepa 
rated od to float to the surface along 
the plates before brealung free 

OPERATION 
Inlet and Dlffuslon Chamber 

Flow enters the mlet chamber 
where ~t IS d~spersed through a 
non clog d~ffuser across the wldth 
and depth of the med~a pack 
Larger sol~ds drop out here Into 

The separahon chamber 1s 
fllled mth  the SRC me&a pack 
The nbbed plates are arranged 
vert~cally in the hrect~on of flow 

-" 
FRONT VlEW 510E V\EW 

spaced J/," apart When loohng at 
the s ~ d e  of the meha pack the nbs 
run from the bottom of the mlet 
side to the top of the outlet side on 
a 45' angle The depth of the nbs is 
more than tmce the dlstance of the 
spaclng creabng an overlap condl 
tlon T h ~ s  causes the flow to z ~ g  zag 
around 90 corners throughout the 
pack causmg resxstance to flow 
coll~srons of the droplets 20 
mlcrons and larger w ~ t h  the plates 
and coalescence The coalesced 011 
has the least restncted path to exrt 
the waste stream and slldes to the 
surface on the underside of the n b  

PATH OF WATER 
TOP VIEW 

An optional Dense Coalescer Pack 
[DCP) IS ava~lable when additional 
polishmg IS des~red 

I- 

\ 

WEIR 



SUNT RIB DENSE CWLESCING PACK 
WALESCER PACK IDCP) C P - ~  ..L 

\ ! 

1L RESERVOIR 

CLE4N WATER 
OUTLET CHAMBER 

WUD& CHAMBER 

SLANT RIB COALESCING SEPARATOR 

Sollds entenng 
the pack encounter a 
55" angle of lncl~na 
tlon created by the 
n b s  whlch IS opt1 
mum for solids 
setthng The s o l ~ d s  
shde down the top of 
the n b  and fall to  the 
next nb gathenng 
mass and veloc~ty a s  f 4 
they near the bottom 
of the pack and drop SCUDS S-'NG 
mto the sludge cham - "IEw 

ber The ho&ontal projected area 
of the  top slde of the n b s  promdes a 
conservatwe 0 20 GPM per square 
foot separabon rate a t  design loadmgs 

Sludge Chamber 
The sludge chamber IS located 

dlrectly beneath the separation 
chamber and provldes adequate 
volume for the settled sludge The 
s ~ d e s  of the sludge chamber a re  
sloped 45 to Insure easy and com 
plete removal of the  sludge 

Oil Removal 
The separated 011 accumulates 

a t  the  surface of the separation 
chamber where ~t displaces the 
water As the 011 layer Increases 011 
spllls over a wen mto  a n  or1 reser 
volr where rt can flow by gravlty o r  
be pumped automahcally to  remote 
storage tanks 

Clean Water Chamber 
The clean water leavlng the SRC 

medla pack passes under an 011 
retention baffle and into the effluent 
o r  clean water chamber From there 
the clean water passes over a weir 
which m a n t a n s  the l lqu~d  level In 
the sepatator The clean water flows 
by gravlty through a plpe outlet or 
effluent pumps can be provkded 

Covers 
Hatches are provided for easy 

access Into the separator Sealed 
vapor hght hatches are  avadable 
Llft~ng lugs are provlded on the  
m h a  packs and on the separator 

MATERIALS OF 
CONSTRUCTION 

Matenals of construchon ~nc lude  
3/16 114 thick A36 carbon steel 
s tan less  steel and fiberglass The 
standard Slant Rlb Coalesc~ng Med~a 
IS polyv~nylchlonde [PVC) which 1s 
h~ghly  oleophllic The m e d ~ a  canalso 
be supplied 1n 

Polypropylene [POLP] 
Chlonnated Polyvlnylchlonde (CPVC 
304 Stamless Steel 
316 Stamless Steel 
Carbon Steel 
Plate spaclngs of 114 112 

314 1 2 are m l a b l e  for specla1 
appllcahons 

hbcrglass separators are 
s ~ n g l e  plece molded cons tn~cbon  
with side remforcement 

Coaiescer Medta Packs 
sold separately for upgrad~ng  
extstmg gravtty separators 

COATINGS 
Above grade carbon steel tanks 

are coated on the extenor w ~ t h  an 
epoxy primer and urethane overcoat 
for excellent weather and chemlcal 
res~stance Intenor surfaces are 
lmed w ~ t h  coal tar epoxy which has 
resistance to a w ~ d e  vanety of c h e m ~  
cal environments and pH swlngs 
Speclal Interlor and extenor coahngs 
are available 

AVAILABLE OPTIONS 
Inlet Feed Pumps- 
Coalesc~ng media of polypropylene 
CPVC carbon steel and 
stamless steel 

Water Pump Out System 
Recovered 011 Pump Out System 
Heaters for freeze protechon 
Dense Coalescmg Pack 
Sludge Pump Out System 
External Oil Reservo~r 
Design flexlb~l~ty to satisfy your 
appllcahon 

APPLICATIONS 
Automohve 
Airports 
Bus Terminals 
Bulk Plants 
Chemical Plants 
Fabricated Metal Plants 
Glass Elctones 
Ground Water 
Mllltary Bases 
011 helds 
Petroleum PlantslRefinenes 
Pulp and Paper Mllls 
Parkmg Lots 
Ra~lroad Yards 
Texhle M~lls 
'Aamp 011 
Wck Term~nals 
Uhllty Companies 
Wash Racks 
For further ~ n f o r m a t ~ o n  contact 

Great Lakes Environmental Inc or 
our local representatwe Wf wlll be 
glad to asslst you m selectrng a prop  
erly slzed umt for your ap'&cat~on 

4 
/7 

GREAT MKES (,! 
L 2 n r  f7 ,I,? l-2 7 - 



SECTION 5 - DISPOSAL OF SOLID 5f ASTE PRODUCTS (FLI ASH) 

5 1 Background - 

5 1 1 Effect of Solid Wastes 

A coal fired thermal power statlon may produce a number of solid waste products requiring disposal 
By far, the major solid waste product is the non-combustible mneral matter portion of the fuel 
whch is collected as fly ash and bottom ash following the combustion process 

Effects of thxs solid partrculate matenal on the envlronment and methods of collection of the fly ash 
have been descnbed m Semon 1 Smce slgmficant investment IS requlred to ensure the particulate 
matenal is removed fiom the flue gas and collected, and not released mto the enwonment, ~t is 
unportant to dispose of the collected solids ~n a manner that w11 prevent the matenal from Impacting 
the enwonment 

Bottom ash, on the other hand, is usually in a physical form whch does not contribute to dust 
production and w b h  IS far more resistant to the leachmg of metals by contact wth water 
Alternative disposal methods may be considered for ths  waste product 

5 1 2 Regulabon of Solld Waste Dlsposal 

As d e s c n i  !n Sectlon 1, ambient a r  quallty standards are generally estabhshed to Iimt the 
allowable concentration of particulates Once collected, the ash particles must be transported and 
stored in a manner whch d l  prevent the discharge of dust part~cles rnto the atmosphere Control 
of fbgtwe dustlng then IS an unportant consideratron m the deslgn and operation of fly ash disposal 
systems 

The need to protect water qual~ty has also been addressed previously (Section 4) and the effect of 
contact between ash and water on the quahty of the water has also been descnbed In fact, waste 
water treatment facilities are frequently requued to remove metals and other contarmnants from 
water whch has been m contact wth  ash, before the water can be discharged into the enwonment 

Key considerations m the design of an ash dsposal system then are 

. Prevention of the ash, or dust, Itself from entenng the atmosphere 

Prevention of water whch has contacted the ash from contmnating surface or 
ground water 

Regulabons regardrng &sposal of sohd wastes from power plants generally address these 
requuements Slnce quantities of ash produced fiom a large power station may be huge, wth 
quantities rangmg to d i o n s  of tomes per year, treatment of the fly ash to reduce its potential to 
damage to the enwonment IS not considered feasible The approach to regulation therefore has 
addressed the design requrements for the solld waste d~sposal area, wth  the objective of h t m g ,  to 
the m a m u m  extent poss~ble, contact between the ash and water whch may become contarmnated 
by contact wth the ash 

USAlD DELIVERY ORDER NO 9 TASK NO 4 BURNS AND ROE COMPANY 



5 2 Ash Dlsposal Alternatives - 

Where quantities of ash produced are small and the power station 1s located in an industrial area 
where the construction Industry is active, a part or all of the ash produced may find a suitable use in 
ths construction actiwty Even where ths  environment does not exlst, consideration should be 
gwen to potential use of the bottom ash as aggregate, In road construction and as a potential fill 
matenal to unprove dramage In most cases, however, it is necessary to dispose of the the majonty 
of ash produced m a landfill of some type Exh~bit 5 2- 1 indicates the possible alternatives m the 
design of an ash collection, transportation and disposal system 

5 2 1 Wet Ash Disposal Systems 

Wet ash disposal systems hydrauhcally transport ash from the power station to an ash disposal pond 
or ponds whlch kncbon as a large setthng basin The system may transport both fly ash and bottom 
ash or may be h t e d  to fly ash alone Ash is pumped to the disposal pond as a slurry (about 10 wt 
%) through a system of pipes Here, the ash is allowed to settle Depending on chmatic conditions, 
the transport water may remaln in the pond and evaporate or may contlnue to nse m the pond untd 
ovefflow occurs 

One method avdable to hmt water use and to reduce the potential for overflow discharge is 
mstallation of an overflow water return system In such a des~gn, the hydrauhc transport system 
lncludes a plpehe system for returmng the overflow water to the power plant so that it may be 
reused for transport of addit~onal ash to the pond Ideally, the return of water could be 
accomplished by grawty flow but lf there is mufficient head, a return water pump would be 
reqwed 

Smce a dlsposal system based on wet pondmg always mcludes a large settlmg basin partially filled 
wth water, ~t is mportant to consider the potential for pollution of ground water by pond water 
permeation through the soil below the pond To prevent such contamation, legslation now m 
place m many areas requues the installation of a low permeab~hty h e r  for the ash pond Such a h e r  
may be of low permeabhty natural matenal (clay) or may be a man-made polyrnenc membrane, or 
both Typical requirements hmt permeabdity to cenbmeters per second An illustration of a 
wet ash dlsposal pond IS shown m Exh~bit 5 2-2 

Where a pond water discharge stream is required to mmtam system water balance, consideration 
must be gwen to the quahty of the discharge water In many cmumstances, treatment of the water 
before discharge is required to meet the water standards descnbed in the prewous Section 
Treatment technologes are as descnbed m that section 

5 2 2 Dry Ash Disposal Systems 

Where fly ash 1s collected usmg wet scrubbing technology, hydrauhc transport of the the ash is the 
only avdable optlon Where the fly ash is collected dry however, u t h n g  electrostatic filter or 
fabnc filter technology, consideration may be gwen to the mplementation of a dry transportat~on 
and lsposal system Typlcal designs for a dry disposal system are dustrated m Exh~bit 5 2-3 
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Development of such a disposal site has several potentla1 ad\antages oker the use of wet ash 
ponding These include 

Reduced station requirements for fresh water use (important where water is in short 
supply 

Lower site development costs, since extensive dams and d~hes are not required 

Reduced disposal area requirements since dry compacted ash has considerably hgher 
d e n q  than ponded ash ( I  30 kg/m3'vs 65 kg/m3) 

Potential for reuse of the land after landfill closure 

As m the case of wet pond disposal, a low permeability lmng may be required to prevent ground 
water contamnation Ln addition, considerat~on must be gwen to control of runoff (ram) water 
whch may become contarmnated by contact w t h  ash or may actually erode the surface of the ash 
disposal site and cany particles of ash from the landfill 

52 Cornpanson of Ahernatwe Technoloyes 

The pnmary disadvantage of dry ash disposal would seem to be the difficulty in transportation of the 
ash by truck to the ash disposal slte mtead of the use of a hydraulic transportation system Thts 
issue may be resolved by a carehl and complete economc evaluation of both alternatives Analyses 
of t h s  type conducted m the US have Indicated that the dry ash disposal costs ($/ton), mcluding 
transportatlon, is relatively msensltive to the quan~ty of ash to be disposed of and that transportation 
of the ash by truck, over long d~stances, is far less costly than hydrauhc transport and wet pondmg 
d~sposal 

Senous cons~deration should also be gwen to separation of fly ash from bottom ash at the power 
statlon and to the development of mdependent systems for transportation and disposal of the two 
products MYang of the two matenals makes it impossible to utdlze the bottom ash as an alternative 
to &sposal and potenbally creates a greater quantity of waste In addmon, hydraulic transportation 
of bottom ash creates excessive wear on the pipeline system mcreasmg mamtenance costs Truck 
transportatlon of dewatered bottom ash to a separate disposal wte should be mvestigated 
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SECTION 5 EXHIBITS 

Exhlblt 5 2-2 
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\JASTE 
TYPE 

ASH DISWSAL 
OPERAT 1 ONS 

BOTTOM 
ASH 

HYDRAULIC 

4 ASH 
COLLECTION 

HYDRAULIC 

HANDL I NG DEIJATER lNG BIN 
SYSTEM 

WET DISPOSAL 

DISPOSAL 
METHOD 

25-TON BELT 
DUMP TRUCK 

TRANSPORT CONVEYOR I 
1 

DISWSAL SILO 
S 1 TE 

FLAT 

I I ]  
7 5 '  FILL 150 '  F ILL 

I I 

W L  INED 

ASH REHANOLING 
AS NEEDED WCOMPACTED 

S p e c i f i c  Ash Di sposa l  Schemes Considered for Cost Estimating 
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INTRODUCTION 

The most versatde equipment for the removal of solid par- 
t~culate matter from an air or gas stream n the fabr~c dust col- 
lector No particles are too large and few particles are too small 
for efficient operat~on and collect~on With a mass median size 
uf 0 5 mlcrons, a collection efficiency of v~rtually 100% can be 
expected The dirtier the filter med~d,  the higher t he  percent 
recovery, and the finer the part~cles recovered 

No pdr ticulate concentration is too heavy or too hgh t Com- 
pletely o p q u e  smoke can be handled as can the invis~bla, per- 
manent atmospheric solrds of clean country air 

Capacity rate can be varied widely with little effect on effi- 
ciency An oversue unlt 1s more desirabie than one which 1s 
undersze The inherent flexlbdity perm~ts  an lncrease in capa- 
city w i t h  reasonable limits by lncreaslng system fan horse- 
power 

Fllter media are avadable for hot, corrosive atmospheres 
such as combustion gases Inlet temperatures to 5 5 0 ' ~  are not 
uncommon High humldity IS not a problem, prov~ding there is 
no condensation of free moisture 

4ppiicatlons range from the abatement of a nulsance dust 
to a wtal lmk tn a process for the complete recovery of a valu- 
able fine product 

Some areas of application are Dusts from crushtng, grmd- 
Ing, pulverizing, elevatmg, conveying, biastmg, drdiing, drylng, 
mdllng, smoke from combustion, such as carbon black reactors, 
power plants, chem~cal process streams and fumes from metal- 
lurgical processes such as the open hearth, cupola, reverberatory 
furnace, electrlc furnace, etc 

The foliowing br~ef  discussion 1s intended to facilitate the 
reader's understandmg of the varlous factors entering into the 
gas-fdtration process as it is applied to the removal of solld par- 
t icuia te matter encountered m tndustrlal dust systems, ar pol- 
l u t ~ o n  control systems or in the removal of lmpur~tles from the 
normal atmosphere 



DEFlNITlON OF FABRIC FILTERS 

A fabrlc filter IS one m whlch the dust-bear~ng gas u passed 
unrdlrectlonaIiy through a fabrrc rn such manner that the dust 
particles are retamed on the "d~rty" gas side of the fabnc, whde 
the cleaned gas passes through the f a h c  to the clean gas side, 
whence 11 is removed by natural and/or mechan~cal means The 
f3bnc may be of any fibrous material, , e ~ t h e r  natural (cotton. 
wool, e tc  ) or man-made (nylon, 0rlonF: ~ a c r o n ?  acrylvs, fiber- 
&ss e tc  , ), e~ the r  spun into yarn and then woven. or ~mpacted,  
needled or bonded Into a felt The man-made (or synthe t~c)  
fibers are elther produced as a continuous fiament w h ~ c h  IS 
spun and woven In the usual manner, or may be rnechanlcally 
broken down mto short lengths or "staple" w h ~ c h  may be spun, 
woven, or Impacted mto a felt Woven fabrics are ldentlfied by 
'thread count" and by ' we~ght of fabric" per unlt area Felts 

are ldentlfied In terms of thickness and we~ght per unlt area 

The abdlty of the filter medlum to pass clean alr a normally 
stated as "permeabd~ty" and IS the voiurne of clean arr In terms 
CFM that IS passed through one square foot of the filter at a 
pressure d~fferentlal of 0 5" of water gauge 



THEORY 

There are 
depth 

Woven fat 

OF FABRIC FILTRATION 

two basic types of filters su r f~ce  (sieve) and 

mcs are Intended to be surface filters However, 
new or overcleaned fabrics are usually too open to funct~on m 
thls manner, and penetration (and escape) of some extremely 
fine particles occurs until a filter cake IS formed W ~ t h  time, 
and the accumu1at1on of a filter cake, collectmg effic~ency 
closely approaches 100 percent 

No other method of dust or fume collection can attam the 
efficlency level whlch can be reached by a fabr~c  filter, at  com- 
parable power requirements 

All (or nearly all) of the gas flow IS inter-yarn (between 
yarns) rather than ~ntra-yarn (through the yarns) The yarns are 
aimost impenetrable barr~ers 

Felts and non-woven media are mtended to be depth filters 
and are generally requued to operate a t  a higher in~tral collec- 
tlng efficlency than woven fabr~cs Thls 1s because the felt me- 
d ~ a  1s usually cleaned more frequently than the woven meda  
(often by Intenswe back-wash), and the felt IS usually required 
to operate w ~ t h  less filter cake than the woven m e d ~ a  Penetra- 
tion of part~cuiate matter Into the mterior of the felt 1s expec- 
ted However, ~f the operating cycle 1s long enough, and dust 
loadlng great enough the cake eventually covers over and 
grows on top of the felt, and the media functions as a surface 
filter 

In many cases both woven fabrlcs and felts functlon first as 
depth fd ters, then as surface fil ters, at varlous tlmes w thm an 
operating cycle 

Pressure drop usually d~ctates  frequency of cleanmy VI  L ~ k e  
discharge 

Woven fabncs, usuaily more flexible than the t t l ts  I I ~ J ~  b~ 
wbrated In some manner, or flexed, or back-w~silcd Fclts JI c 
usually back-washed 



Fabr~c Character~st~cs And Su~tab~ l~ ty  

Polypropylene Polyester Acrylic Fiberglass* Nomex" Ryton" P-84" Teflon" 

Temp OF 170 275 275 500 375 375 500 500 

Abras~on Excellent Excellent Good Fa1 r Excellent Good Fat r Good 

Energy Absorption Good Excellent Good Fair Good Good Good Good 

Fdtratlon Propert~es Good Excellent Good Fall' Excellent Excellent Excellent Fair 

M o ~ s t  Heat Excellent Poor Excellent Excellent Good Good Good Excellent 

Alkalines Excellent Good Falr Fa~r  Good Good Falr Excellent 

Mineral Ac~ds Excellent Fa1 r Good Poor** Poor Excellent Good Excellent 

Oxygen (1 0 % f )  Excellent Excellent Excellent Excellent Excellent Poor Excellent Excellent 
I w w I l v r  bag l o  crQe 111 Fatr wllh a c ~ d  reslslanl fln~shes NOTE Combrnal~onr of urrlablts alter Ihc rojr tancr  of the hber l o  the spsc~f~ed Performance rallngs I c lrme temperalure and gas rlrcarn rhtrn~rlry 



FABRIC FILTRATION 
OVERVIEW 

o Established Technology in Process Industries 

o Dissatisfaction With Performance of Some 
Electrostatic Precipitators 

o Clear or  Near-Clear Stack Requirements 

- Very High Collection Efficiencies 

o Fuel Source Uncertainty 

- Wide Range in Characteristics - Low ~ e n s h v i t ~  t o  Fuel Changes 

o On-Line Maintenance 

o Large Scale Experience on Coal-Flred Steam 
Generators 

o Application Considerations 
- Higher Pressure Drop Than ESP's 

- Baglife 
- Bag Cakmg, Blinding or  Melting 

- Bag Acid Attack 

- Minimum Operating Temperature 



FILTRATION PROCESS 

o Initial Filtration 

- Clean Fabric 

- Few Minutes 
- Low Collection Efficiency - 70 to  90 

Percent 

o Residual Dust Cake Establishment 
- Many Filtering and Cleaning Cycles 
- Few Days to  Several Months 

- High Collection Efficiency 

> Ash Characteristics 

> Cleanmg Methods 

> Pressure Drop May Stabilize 

o Steady State 
- Formation of Porous Dust Cake 

- Very Little Bleed Through 

- Stabilized Collection Efficiency 

- Stabilized Pressure Drop 



FABRIC FILTRATION 
METHODS 

o Reverse Gas 
- Dust Collection is Usually on the Inside 

of the Bag 

- During Cleaning, the Bag Collapses and 
the Dust Falls Into the Hopper 

- Metal Rings are Typically Sewn Into the 
Bag at Intervals t o  Prevent the Bag from 
Totally Collapsing, and Thus Preventing 
Movement of the Dust Cake Through the 
Bag t o  the Hopper 

- Baghouses of This Type are 
Compartmentalized-io That One 
Compartment Can be Isolated for 



STACK I GAS INLET 

FILTERING 

RMRSE FLOW TYPE BAGHOUSE 







o Pulse Je t  
- Dust Collection is Usually on the Outside 

of the Bag 

- Cleaning is Accomplished by Applying a 
Short Duration Pulse of High Pressure 
Air Into the Inside of the Filter Bag 

- Bags are Fitted With Wire Cages t o  
Prevent Collapse During Filtration 



ELAPSED TIME IN SECONDS: 

0 
FILTERING CLEAN I NG 

PULSE CAKE 
INJECT1 ON FRACTURE 

CAGE RETAINS BAG SHAPE 

I N  EJECTOR CLEANING 

COMPRESSED 
AIR PULSE 7 

CLEAN G A S  
OUTLET 

FILTER BAG 

PULSE JET NPE BAGHOUSE 



Low Pressure H~gh Volume Pulse Jet 

Outlet Dampers Cleanrng Dr~ve 

Rotating 
Pulse 

Man~fold 

Tube 
Sheet 

Pulse Jet Baghouse 
DIHY gases enter the hopper below the bags 

and dust s collecred on the bags ourside surfaces 
The bags are connected to the tube sheet wth a 
snap nng wh~ch fits securely mto the rube sheet 
holes To prevent collapse dunng filtenng each bag 
LS equipped wrh a wire cage Bags are cleaned by 
short powerful pulses of au delivered at the t o p  
of the bags In the revene dlrecnon of gas flow. 
These pulses cause bag mouons that combrne wth 
h e  back-flushing acuon LO dlslodge the dustcake 
wnicn falls Into tne homer 



J'L J'L 
17/32 in 5/8 in 

Figure 2 Photograph of the low pressure (LP) tubesheet and clearrrng rnanrfold arm Below the 
photograph IS a schernabc drawing of the pulse arm lncludlng dlrnenslons 





AIR-TO-CLOTH RATIO 

o The Air-to-Cloth (NC) Ratio is Simply a 
Mathematical Expression of the Amount of 
Fabric Available t o  Filter a Given Volume of 
Gas at a Given Flow Rate (ACFMIFT~) 
Gross A/C = Total Inlet Gas Volume 

Total Cloth Area in Collector 

Net N C  = Total Inlet Gas Volume 
On-Steam Cloth Area 

o Pulse Jet  Filters, Utilize Dense Felted 
Material and Operate at High Air-to-Cloth 
Ratios 

o Inside Bag Collectors (Shaker and Reverse 
Gas) Use Looser Woven Material, Requiring 
More Bags 

o The A/C Ratio is a Very Important Factor 
Used m the Design and Operation of Filters. 
Improper Ratios can Contribute to  
Inefficient and More Costly Operation. 



o Operatmg at an A/C Ratio that is Too High 
May Lead t o  a Number of Problems 
- Compacting of Dust on the Bag Resulting 

in Excessive Pressure Drops 
- Breakdown of the Dust Cake Resulting in 

Reduced Collection Efficiency 

o Major Problem Associated With a Very Low 
A/C Ratio is that More Cloth is Generally 
Needed for a Given Flow Rate, Results in a 
Large Installation. 

o Pulse Jet  Filters Generally Operate at an 
A/C Ratio Ranging from 3.0 to  4.0. In Recent 
Years, There has Been A Trend Towards 
Lower A/C Ratios. Reverse Gas Filters 
Generally Operate with A C s  Ranging From 
1.5 t o  2.2. 

o Reduction of Pulse Jet  Filter A/C Ratios 
Results in a Large Filter and Reduces An 
Advantage Over a Reverse Gas Filter 



PRESSURE DROP 

o Normal Pressure Losses Range From 2 t o  6 
Inch Water Column 

Significant Design Parameters 

- Particulate Loading 

- Particulate Density 

- Parhculate Size Distribution 

- Particulate Shape and Structure 
- Flue Gas Temperature and Density 
- Filter Plenum and Damper Velocities 
- Fabric Filtration Velocity through Bags 
- Particulate and Gas Distribution t o  and 

through the Fabric Filter 

> Quantity of Compartments 

- Particulate Ability to  Agglomerate 

- Contamination of Particulate 

> Uncombusted Oils 
> Condenslbles 

o Pressure Drops Across Pulse Jet and 
Reverse Gas pabric Filters are Similar 



DESIGN CONSIDERATIONS 

A number of factors must be considered 
when contemplating the retrofit of a fabnc filter 
into a exisnng ESP. These include space consid- 
erations, conversion layouts, fabnc matenals and 
cages 

-ions: Determinations 
of the technology's applicabihty should start with 
a review of the slze constraints of the exlstmg 
ESP and proposed fabnc filter Assumng a 
typical filter bag length of 20 feet or more and 
on-line cleaning, the conversion normally re- 
quires an precipitator SCA of approximately 250 
ftZ/lOOO acfm The use of longer bags, however, 
would reduce the total SCA needed to accornmo- 
date the fabnc filter conversion wxthout requlnng 
the addltion of more casing area or hoppers 

The length of the bags will depend on 
several factors, including can velocity The 
increase in can velocity must be offset, either by 
increasing the spacing between the filter bags or 
by improving the flow distnbution design A 
modified flow distnbution will allow the flow to 
enter at both the bottom and sldes of the bags, 
thereby mnimizing the actual effects of the 
hlgher velocltles and allowing proper on-line 
cleanmg to take place 



Munmorah Power Station; High main- 
tenance requirements and poor performance from 
the electrostatic precipitators at Munmorah 
Power Station, Units 3 and 4, caused the Elecmc- 
ity Comrmssion of New South Wales (ECNSW) 
to consider alternative particulate control mea- 
sured'). The Comrmsslon chose to retrofit its 
existmg 350 MW ESP casing with a pulse jet 
fabnc filter and awarded the contract to convert 
Unit 3 to Howden (now named Lurgi Howden 
Fabnc Filters) m March, 1990 

The existing ESP casings were sized at an 
SCA of 390 ft2/1000 acfm Flue gas volume was 
1,118,621 ACFM (528 Am3/hr) at a flue gas 
temperature of 266 degrees F Inlet dust loadings 
ranged from 10-16 gr/DSCF (25-40 gJNm3) with 
a medium partlcle size distribution of 5-30 
microns 

The Howden Low Pressure technology 
des@) was based on m i m a l  modification of 
exishng equipment and structures For 
Munmorah Unit 3, virtually the entlre ESP 
caslngs, hoppers, structural steel, ductwork and 
insulation were reused The high paclang denslty 
of the Howden deslgn allowed an extremely 
conservative gross an-to-cloth ratio of 3 4 1, 
utilizing the entrre ESP casing with a net an-to- 
cloth ratio of 4 0 1 The general configuration 
of the bsghouse is shown on Figures 1 and 2 



An Internal divider wall was instalkd in 
the casings transverse to the gas flow to provide a 
total of eight isolatable compartments, or cells, 
per boiler Each compartment contains six bag 
bundles with 267 bags per bundle, for a total of 
12,816 bags per boiler The 20-foot filter bags are 
cleaned in the on-line mode by a rotating mani- 
fold with cleaning a r  supplied by a positive 
displacement blower at 12 psi Aerodynamic 
model studies were conducted to ensure that the 
flue gas entenng the casings and individual 
compartments was uniform and evenly distnb- 
uted, thereby avoiding bag abrasion and minimiz- 
ing re-entmnment dunng on-line cleaning 

Both inlet and outlet nozzles of the ESP 
were modlfied for the new eight-compartment 
fabnc filter configuration New guillotine-type 
dampers were mstalled to allow for compartment 
isolation to facilitate on-line mamtenance. 

Since startup in May, 1990, the ESP/F'F 
has accumulated more than 6,000 operating 
hours No failures of the acrylic bags have been 
reported throughout the system's operating 
exDenence. except for initial installation defects 
~ i c e n t  performake tests conducted by 
ECNSW(3) have shown that the average emission 
levels are approximately 0 0008 gr/acf (3 5 mgl 
Nm3), comparted to the guarantee levels of 0 01 
gr/acf (50 mg/Nm3) System pressure drops are 
well below design levels of 10 inches W C (2 5 
kPa) at a net A/C ratio of 4 0 cfm/sq ft 
(0 02 m/s) 



FIGURE 1 - MUNMORAH POWER STATION 
UNIT NO. 3-350 IMW 

ESP FABRIC FILTER CONVERSION 





THE COHPAC CONCEPT 

PRINCIPLES OF OPERATION 

The basrc concept of COHPAC e to tnstall a pulse let fabnc filter system In senes afW 
an exlstmg precrpltator wdh the filter actrng as a partrculate pollshlng or 
performance enhancmg device Smce the ensting precrprtator both charges the paNcles 
aS well as removes a sgnlficant port~on of them from the gas stream, the flue gas 
reach~ng the pulse jet has a substamalb reduced dust load~ng and also potemally cames 
a res~dual electrostatc charge As a result, the pulse jet baghouse can operate at very 
hlgh gas-to-cloth rahos of 10 to 20 ft/mm (versus 2 to 4 R/mm for conventional 
baghouses) wrthout a signficant Increase In pressure drop or emlsston levels Therefore. 
a COHPAC pulse jet baghouse can be about 50% smaller than conventtonal pulse let 
fabnc fitter systems Figure 1 shows an example of thrs approach 

Opt~on I COHPAC r-I c!?!E~e! ' 
Flue 

Gas 
1 

Ftgure 1 COHPAC Basic Concept 



Compact Hybrid Particulate 
Collector Technology (COHPAC) 
TU Electr~c Co - Big Brown Steam Electr~c Generating Statm, Farf~eld, TX 

F~rst  commerc~al use  of COHPAC 
e technology achreves present and future 

part~culate collection requwements for 
two coal-fwed utility bo~lers  

Project Scope 
In May, 1991, Research-Cottrell was contracted 
to desrgn, engrneer, and supply the frrst full-scale 
COHPAC unrts The system consrsts of erght 
low-pressure, hrgh-volume (LPHV) pulse-jet fabrrc 
frlters desrgned to provrde rncreased partrculate 
collectron from the flue gas stream 

A 145 Mw demonstratron system was completed 
and In full operatron on May 15, 1992 The full- 
scale COHPAC system on Unrt #2 was completed 
and placed Into operat~on In November, 1995 
Constructron on the Unrt #I  system IS scheduled 
for cornpletron In May, 1996 When fully complet- 
ed, the system wrll be the largest pulse-jet 
rnstallatlon In North Arnerrca 

Applrcation 
TU was requrred to reduce allowable opacrty 
from 30% to 20% from two 575 Mw I~gnlte-flred 
borlers The ex~strng ESPs were not orrgrnally 
srzed to achieve these strrngent emrssrons levels 
Addrtronal, properly srzed ESPs would requrre 
srgnrfrcant Increases In plant space and caprtal 
expendrtures, and COHPAC IS a more effectrve 
solutron on both counts 

Addrtronal COHPAC advantages rnclude 
baghouses are relatrvely rnsensrt~ve to fuel 
swrtchrng problems, they offer better capture of 
fine partrculate, an advantage over ESPs when 
consrderrng future pendrng legrslatron (PM-I 0), 
and on-he rnarntenance can be performed 
wrthout borler rnterruptron 

Equ~pment 
Research-Cottrell's COHPAC technology 
consrsts of erght shrppable compartments 
desrgned to treat 735,000 acfm of flue gas 
Each compartment contarns 312 twenty-foot-long 
frlter bags The bags are cleaned by a rotatrng 
cleanrng arr man~fold on a preset basrs, delrverrng 
10-12 psr of pressurrzed air to the frlter bags 
Each module can be rsolated for off-lrne cleanrng 
and on-lrne marntenance 

The COHPAC ~n-serres arrangement enables the 
fabrrc frlters to operate at hrgh gas-to-cloth ratros 
whrle marntarnrng nomrnal pressure drops and 
low outlet emrssron levels An advantage to TU's 
selectron IS that rt wrll reduce space requrrements 
by as much as 75% compared to other partlcu- 
late control optrons, such as rncreaslng the 

COHPAC uses hrgh-rat10 pulse-jet fabrrc frlters rn Size of ~ s p s  or replacing them with 
serles and downstream of an energrzed electro- convent,onal baghouses 
statlc precrpltator Research Cottrell IS lrcensed 

* !yf ED91 'c qffer COHP4C commcrc allv 



Operatmg Data (Full System) 

Borler Type 

Gas Volume 

Temperature 

Fuel Type 

Fabrrc Type 

Pressure Drop 

Gas to cloth Ratro 

Start up Dates 
Un~t 1 
Unrt 2 

Opacrty 

Dust Loadmg 

Two 575 MW 
PC Frred Borlers 

735,000 acfm 

385'F 

Texas lrgn~te 

Ryton Felt 18 oz 1 yd2 

6 8 rnches W C 

16 fpm net net (desrgn) 

Full Systems 
May 1996 
Nov , 1995 

c 5% 

< 0 01 Ib IMMBtu 

COHPAC 

COHPAC developed and patented by EPRl allows 
coal frred borlers w~th unders~zed or rneffrcrently 
desrgned ESPs to achreve more strrngent exrstrng 
and pendmg partrculate control standards L~censed 
to Research-Cottrell to offer commercrally COHPAC 
IS a cost effectrve alternat~ve to addrng a new larger 
ESP or fabrrc frlter system or retrof~ttmg exrstrng 
equrpment for 

Fuel swrtchrng problems 

COHPAC I uses a pulse-jet fabr~c frlter downstream of 
an energrzed ESP COHPAC I1 places the fabr~c frlter 
wrthin the ex~st~ng ESP caslng, further savrng on valu- 
able plant space Wrth Research-Cottrell's ~nstallatron 
at Texas Ut~lrt~es, COHPAC IS now a proven technolo 
gy that has been demonstrated to provrde exceptronal 
particulate collect~on effrcrencres 

For more rnformatron on Research-Cottrell's 
COHPAC technology, please call R~chard Miller at 
(908) 685 4062 or Annette Mark at (908) 685 4203 

Increased plant capaclty 

Tighter emlssrons regulat~ons 

Research-Cottrell 
Air Pollution Control Dlv~s~on 

Rt 22 West & Statlon Road 
Branchburg NJ 08876 
908 685 4000 
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PARTICULATE MAlTER 
POLLUTION PREVENTION AND CONTROL 

Partladate matter (PM) enusions can be rmtll1~2ed by pollu~on prevenbon and crmssron control measures 
Prevenuon IS frequently more cost effectwe than control 

Approaches to Pollution Prevent~on 

Management 
Measures such as improved process design, operahon, mamtcnance, housekccpmg, and management practices can 
reduce ermssions By mprovmg the combustron effincncy, the amount of products of mcoqlete cornbumon 
(PICs), a component of pamculate matter, can be apficantly reduced. Proper fuel-finng pramces and 
configurabon along wth adequate amount of excess au can help achwe lower PICs 

Cholce of Fuel 
Atmospheric partldate ermssions can be reduced by choosing cleaner fuels However, the cholce of fuel ~s 

usually mfluenced by econonuc and a~sonmental wnslderauons The use of n a W  gas as fuel em~ts neghgible 
amounts of pmculate matter Orl-based processes also generate s ~ ~ c a n t l y  less particulate ermsson than coal- 
fired w m b m o n  Low-ash fosnl fuels contam less non-combustible, ash-forrmng rmneral matter and thus 
generate lower levels of parhculate emmaon L~ghter dmllate oil-based cornbumon results m Iower levels of 
partlnrlate emsslons than heaner residual olls 

Fuel Clearung 
Reducuon of ash by fuel cleamng reduces the generauon of PM ermsslons Physical cleanmg of coal through 
washmg and beneficnuon can reduce its ash and sulfur content, prmded that care IS taken m handlmg the large 
quanutles of sohd and liquld wastes that are generated by the cleanrng process An alternahve to coal clearung is 
the blendmg of hgher and lower ash content coal. In ad&Uon to reduced parumlate crmsslons low ash cod also 
contributes to better boiler performance and reduced boller mamtenance costs and downume thereby recovering 

some of the coal clearung costs For example, for a proJect m East As& mvcstment m coal cleanmg had an 
rnternal rate of return of 26 percent (World Bank, 1991) 

Chanee of Technolop and Processes 
The use of more effiaent technologes or process changes can reduce PIC ermssions Actvanced coal combustron 
technologes such as coal ganficat~on and flmdrzed-bed combustion are examples of cleaner processes whch 
achleve &her combmon effiaency and lower PICs (by approximately 10 percent) Slrmlarly enclosed coal 
crushers and gnnders emt lower PM 

Approaches to Emmion Control 
A vanetv of partladate remold technologes are avalable wth Merent phvsical and econormc charaaensttcs 

lnertral or tmprnpement separators rely on the ~nertral propemes of the pamcles to separate them from the carner 
gas stream lnerual separators are pnmanh used for the collecuon of mdum-slzed and coarse pmcles They 
Include setUmg chambers and centrifugal ntclones (mght-through, or the more fiequentlv used revase-flow 
cvclones) Oclones are low-cost, low-mamtenance cenmfugal collectors whch are typically used to remove 
partlcuiates m the m e  range of 10-100 mcmns (pm) (Henderson-Sellers 1984) The fine dust-removal effiaenq 
of n clones is typ~call% belon 70 percent compared to elemstatlc precxpitators (ESPs) and baghouses whch have 
remo~al effinenaes of 99 9 percent or more Therefore cyclones are often used at a p r e h m  stage to other 
PM remo\al mechamsrns The\ qpcallv cost about USf l/mft. p a   mu^ flow rate (Cooper and AUe) 1986) 

Elecrrosrat~c prerlplmrors (ESP) remove partlcles usrng an electrostahc field to amaa the partlcles onto the 
electrodes Eficiennes of collection for well-designed, well-opzrateQ and w e l l - m m e d  svsterns are typ~call~ 

The donnauon m thrs summan IS for use b\ korld Bank staff and consuhrr m carrvrng out the pollcres set out m OP 4 01 Envuonmcntal 
Assessmen~ and d a t e d  documcnls 

Page 1 
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on the order of 99 9 percent or more of the rnlet dust l o a h g  They are especlally cffiamt la collectmg fine 
pamculates and can also capture trace ermsslons of some toxlc heavy metals such as arsauc pui chromtum wth 
an effiaency of 99 percent (Moore 1994)' ESPs arr less sensltrve to maximum tempaatlm;s than fabnc filters 
and operate w t h  very low pressure drop Theu consumphon of e lematy n mular to those of the fabnc f d t m  
(see Annex 1) ESP performance n affected by fly-ash Ioadmg, the n m t ~ ~ t y  of fly-ash, and the sulfur content of 
the fuel Lowa sulfur wnccnwtlons m the flue gas can lead to a decrease m the collechon effincncy (Babcock 
& Wrlcox, 1992) ESPs have been used for the recovery of process matcnals (such as cement), as well as for 
pollutlon control They typrcally add 1 to 2 pacent to the capital cost 

Falters and dust collectors @aghouses) collect dust by passrng flue gases through a fabnc whlch a m  as a filter 
The moa commonly used IS the bag filter or baghouse The vanous lands of filter me& rnclude woven fabnc, 
needled felt, plastlc, caarmc and metal (Croom, 1993) The baghouse opaanng temperature dluenccs the 
chom of fabnc Accumulated particles are removed by rnechamcal sbakmg, reversal of the gas flow, or a meam 
of hgh-pressure ar Fabnc filters are efficient (99 9 percent removal) for both hgh and low concentmuons of 
pmcles but are nutable only for dry and he-flowmg parucles Thelr effiaency to remove toxlc metals such as 
arsmc, cadmum, chromum. lead and mckel IS greater than 99 percent (Moore, 1994) They also have the 
potenual to enhance the capture of SO, m lnstallatxons downstream of sohcnt lnjectron and dry-scrubbmg systems 
(Babcock & W~lcox, 1992) They typically add 1 to 2 percent to the capital cost. 

Wet scrubbers rely on a I r q d  spray to remove dust pmcles  from a gas stream They are pnmanly used to 
collect acld gas ermssrons, mth pmculate conml as a secondary functron. The major types are ventun 
scrubbers, jet (fume) scrubbas and spray towers or chambers Ventun scrubbers consume large quanutles of 
scrubbing hqmd (such as water) and electnc power and rncur hgh pressure h p s  Jet or fume scrubbers rely on 
the lanetxc energy of the Irqutd sueam. Typrcal removal effiaency of ajel  or fume scrubber (for parucles 10 mm 
or less) IS lower than that of a ventun snubber Spray towers can handle larger gas flows wth m m a l  pressure 
drop therefore, they are often used as pre-coolers Wet scrubbers may contribute to corrosron, therefore the 
removal of water from the effluent gas of the scrubbers may be necessary Also the smbbmg results m a liqmd 
effluent Wet snubbrng technology IS used where (a) the contarmnant cannot be removed easrly m a dry form 
(b) soluble gases are present (c) wettable partrcies are present, and (d) the contanunant wrll undergo some 
subsequent wet process (such as recovery wet scparauon or settlmg, or neuaalizauon) Gas flow rates range from 
20 to 3 000 m3/nun wth typical appllcatlons for gas flow rates of approximately 2 000 m3/rmn and a 
correspondmg pressure drop of 25 cm uater column (Bourucore and Dam 1992) 

Equrpment Selectron 
The selecuon of PM emssrons conuol equipment IS mfluenced by (a) enwonmental @) economc, and (c) 
engmeenng factors 

Environmental facfors mciude (a) the Impact of control technology on arnb~ent m qual~ty, (b) the conmbuuon of 
pollutlon control svstem to the volume and charactensucs of Hasteuater and solrd waste generauon, and (c) 
m m u m  allouable ermsslon requxrements 

Economrc facrors rnclude (a) the cap~tal con of lnvesunent m conwl techno log^. (b) operaung and w t e n a n c e  
costs of techno log^ and (c) expected Ilfeume and salvage value of the eqmpment 

Enprneerrng factors mciude (a) contamrnant charactenstlcs such as phvsrcal and chemcal properties 
concentmuon parunrtate shape srze and &smbuuon. chemcal react1nt-j corros1vlt-j abrasxveness tox1nt-j and 
so forth (b) gas sueam charanenstlcs such as volume flow rate dust i o a h g  temperature pressure hurmdrt~ 

Howcvcr conuollmg cmnslons of man\ heaw rnctals uhlch arc present ar ua.cc elerncnu m fuels-such ar cadmium lead and mercurv-IS a 
dficuli and Largch unsolved problem 

T h e  monnauon m t h ~ s  summan n for use a\ &odd Ban), s& and consultanu m cammg om rhc poltcles set OUL m OP 4 01 Env~ronrncnlal 
ibscssrncn- and rclalrd documcnlr 

Page 2 



Annexes 1 and 2 present the mam advantages, W a n t a g e s ,  and the rc]atwc ranng of the vanous -son 
control equpment Electrostatic precIpltators (ESPs) can handle very large volumcmc flow rats at low prcssun 
drops, and can achxwe vny hgh efficlennts (99 9 percent) They an roughly tqnrvalcnt m costs to fabnc filters 
and they art relamely m f l e x i i  to changes m process operating condtBons Wet scrubbers can also aduwe hgb 
effinennes and have the major advantage that some gaseous pollutants can be removed dtancously m t h  the 
pamcufatcs However, they can only handle smaller gas flows (up to 3,000 m3fm), can be very costly to operate 
( o m g  to a bgh pressure dmp) and they produce a wet sludge that can p r a m  dvposal problems (Coop: and 
Alley 19$ Annex 2 presents a ampanson of the enusno. control equxpmcnt for a umt handhg 2,200 m 
(60 000 ft /nun) of dust iaden gas at 2O0C For a lugher flue gas flow rate and greater than 99 percent removal of 
PM, ESPs and fabnc filters are the eqwpment of chorce mth very Mile Merence zn costs 

Recommendat~ons 
For efTect~ve PMIo control m lndusmal apphcatlon, the use of ESPs or baghouses IS recommended. These should 
be operated at their desrgn effraenaes In the absence of a specific ermsslons mpmment, a maxlznum lwei of 
50 m@m3 should be a c h e d  

For gases conmmg soluble toxlcs and where the gas flow rate IS less than 3,000 m3/mute, wet scrubbers may 
be used Cyclones and m e c h c a l  separators should only be used as p r c c l m g  devlces upstream of a baghouse 
or an ESP 

Key Issues for Pollutron Preventton and Control Piannlng 
The followmg box surnrnanzes the pmapal  methods for controllmg the release of partlcuiate matter 

Identlfy measures to ~mpmvt openhng and management practxts 
Consrder dtematme fuels (such as gas ~nnead of coal) 
Conslder fuel clcarung opbons (such as coal washxng to reduce ash by 40 pacent) 
Conslder altematwe produmon processes and technolog~es (such as fludtzed bed 
cornbushon) whch result m reduced PM ermssrons 
Select optrmal pamculate removal devlce(s) (such as ESPs and baghouses) 

Further Informatron 
The followng are suggencd as sources of add~~onal  mformauon (these sources are provided for gudance and are 
not mended to be comprehensn e) 

Babcocb & Wilcox Co 1992 Sfearn - 11s Generatron and Use S C Stuitz and J B &no eds Barberton Oh0 
The Babcoch & Wllcox Companll 

Bourucore kJ and W T Daws 1992 Alr Pollutron Engineerrng Manual New Y o d  Van Nostrand RemhoId 

Cooper D D and F C Allel 1986 Air Pollution Control A Deagn Approach Prospect Heights nIlnols 
R a\ eland Press Lnc 

Croom Wles L Jul! 1993 E f f e m  e Selection of Filter Dust ' Chemrcal Engrneermg 



Hady, Jrm and John Petchonka July, 1993 "Eqqmcnt Stltchon for Solrd Gas Separahon" Chemical 
Engrneerrng 

Henderson-Sellers Dr B 1984 Pollut~on o/our Atmosphere Bnstol Adam Hdga Ltd 

Jechoutck, Karl G ct a1 1992 Steam Coal for Power and Industry Industry and Energy Depmtnt  W o h g  
Paper Energy Senes Paper No 58 Washmgton, D C The World Bank 

vatimk, W~Iham, M 1990 fitmating Costr o1A1r Pollulion Control Chelsea, Mxhgan. L m  Pubhhm 

World Bank 1991 "Ch-Effiaency and Enwonmental Impact of Coal Use " Report No 8915-CHA Industry 
and Energy D~vls~on, Ciuna Department, Asxa. Washmgton, D C 

The mforrnauon m this summaw 1s for use b\ Rorld Bank staR and consulmu m carrvmg out Ihe pol~c~cs  set out m OP 4 0 1 Enwonmental 
AssessrncnL and relaud documents 
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-, 
Low capital cost (rf wastewater treatment system IS 
not requed) 
lnsrgrufrcant pressure drop concems for processes I 
where the gas stream IS already at hgh pressure and 
Hrgh collectlon efficrency of fine partlculatcs 
(however at the expense of pressure drop) 

+ 

Anna 1 Adtantapes !md D~sadvantages of the Mun Particulate Control Technolopm 

Electrostat~c Prec~p~tators 
Collection effiaennes of 99 9 percent or greater for 
coarse and fine pamculates at relauvely low energy 
consumpuon 
Drv collecuon and chposal of dust 
Lou pressure drop (typically less than 0 5 Inch 
u ater column) 
Conunuous operatlon wth m m u m  mamtenance 
Relatlveiy low operatlon costs 
Operabon capabrirh at hgh temperatures (up to 
1300 "F) and hgh pressure (up to 150 psi) or under 
~acuum and 
Capablim to handle relahveh large gas flow rates 
(of the order of 50 000 rn3/rmn) 

Advantages 

Cyclone Separators 
Low capltal cost (appmxlmately Slfcu ft per mmute 
flow rate), 
Relatrve slmpllclty and few mamtenance problems, 
Relamely low operamg pressure drop (for the degree 
of partlculate removal o b m e d )  m the range of 
approximately 2 to 6 xnchcs water column, 
Temperature and pressure lmtatrons unposed only by 
the matenals of conmchon used, 
Dry collectlon and &sposal, and 
Relatwely small space req~urernents 

Wet Scrubbers 
No secondary dust sources, 
Relamely small space r-ent, 
A b J q  to collect gases, as well as parhadates 
(espeaally "st~cky" ones), 
Ability to handle hgh-temperature, hgh-hurm&ty gas 

Comslon problems (more severe than wh dry 
systw),  
Potentdly ob~ecbonable steam plume opanty 
andlor droplet entrauma 
Potentxally hgh prtssnrc drop (am,m~amately 
10 lnchts water miumn) and horsepower 
rcquuements, 

D Potentlal problem of sohd burldup at the wet- 
dry mterface and 
Relamely hgh mamtwnce costs 

Disadvanioges 

Relauvely low o v d  parhadate coIlemon 
df rncnns ,  espcnally for pamculate srzcs 
below 10 p, and 
Inab~I~ty to handle acky  matenals 

Potentla1 water cksposaVcffluent matment 
problem 

4 

4 

High capital cost (approlamately SWsq ft of 
plate area), 
High scnsimty to fluctuahons m gas stream 
condmons (flow rates temperature partmiate 
and gas composihon, and partlculate loadmgs) 
Dlfficu1tx.s wth the d e m o n  of parucles wlth 
exaemely hgh or low resm~mty, 
Relauvely large space n q w m e n t  for 
maallanon 
Expiosion hazard of d&g wth combustlble 
gases or pamcdates, 
S p e d  precamonary nqumments for 
safeguardmg personnel from h g h  voltage 
Produrnon of ozone by the negatwely charged 
elecuudes d m g  gas lonmtron, and 
fighly m e d  mamtenance personnel 
reqmment 

Annex 1 Ad1 antages and Dlsad\ antages of the M a n  Particulate Control Technolopes (conhnued) 

n e  lruormauon m this summan IS for use br U orid Bad. staff and consuitanLs m canvlng out rhe pol~crcs scI oul m OP 4 01 Env~mnrncntd 
ArscssrncnL and relatcd documents 
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Fabric F~lter Systems 
Very hgh &llectxon effinency (99 9 percent) for 
both coarse and fine parhculatcs, 
Relawe lnsensltlvlty to gas stream fluctuations and 
large changes m lnla dust loadmgs (for 
contmuously cleaned filters), 
Filter outlet an can be r e d a t e d ,  
Dry recovery of collected matenal for subscqucnt 
processing and dqosal, 
No comslon problem, 
S~mple mamtenance, flammable dust collemon m 
the absence of hgh voltage, 
figh collectron effinency of submmn smoke and 
gaseous contammats through the use of selected 
fibruus or granular fdter ads, 
Vanous configmmons and &menslons of fdter 
collectors, and 
Relatively simple operation 

Source Adapted from hun~corr  and Davu 1992 

Rqummcnt of costly nfractory rmneral or 
m W c  fabnc at tcmpaaturcs in excess of 550 
"F, 
N e d  for fabnc trmtmcnt to remove coIlectd 
dust and reduce dust seqage of ccrtarn dusts, 
Relamely hgh mamtcnana nquvemcnts, 
Explosion and fin hazard of the wnccntraaon 
(-5og/rn3 of ccrtam dusts m the presence of 
acedentai spark or flame, and fabnc lire hazard 
m case of mddy o x l W l e  dust collecbon, 
Shortened fabnc life at elevated temperatures 
and m the presence of and or alkdine 
parhculate or gas consutuents, 
Pot- crusty calang of pluggmg of the fabnc, 
or need for specla1 awes due to hygroscopic 
mat&, molstrnc condensauon, or tarry 
adhewe components, 
Requatory protechon requaement for fabnc 
replacement, and 
Mdum pressuredrop nquuements (typ~cally 
m the range of 4 to 10 m water column) 

Tnc ~nformauon m tnn summan e for usc bv 'Aorld Bank s u f f  and consuttMu m c a m q  out the polic~cs set out m OP 4 01 Env~ronmcnlal 
hscssmenL and rclsvd aocumcnls 
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CONSERVATIVE DESIGNS 

ADVANCED DESIGNS 

HIGH SULFUR 

I 
1 

1971 
NSPS 

I 
I 
I 

NSPS 
I 

I l l 1  1 1 1 1 I I 

0 
98 0 99 0 99 5 99 7 99 9 

COLLECTlON EFFICIENCY' % 

BASED ON A COAL RATED AT 1 0  000 Btu/ib AND CONTAINING 10% ASH THE 1971 
N S P S  IS 0 1 lb/106 Btu AND THE 1979 NSPS IS 0 03 1b/lo6 Btu 

Levellzed cost for baghouses and ESPs expressed a s  a functlon of nomrnal ~ 0 l l e ~ l l 0 n  e f f l ~ l e n ~ y  



Indusmd PolltxUon Fkvcntron and Abalerncnt 
PARTICULATE. MATER POLLUTlON PREVENTION AND CONTROL 

hrnc 30 1995 
I 

Annex 2. Relat~ve Ratmg of Dust Collection Equ~pment 
(for a lrmt handimg 60 000 ft3/nyn of dust-laden gas at 20°C) 

Ratrng / I  lowest, 10 hrphestl 

Type of dwlce Typrcal Cap~tal cost Operating cost Average Applrcable 
eflc~ency on pressure particle sue 

Setthng 60 
chamber 

Cyclone 85 2 2 1 - 3  >10 

Jet scrubber 88 4 4 - - 
Spray tower 95 6 6 2 - 7  >3 

ESP 99 10 1 0 2 5 - 0 5  XI 001 

Fabnc filter 99 
(shaker) 

Ventun 99 
scrubber 

Fabnc filter 99 9 9 1 - 10 XI 5-1 0 
(reverse jet) 

Source b n l y  md Pelchonkr, 1993 

L \WPEU\GUn>ELNSUIANDBOOK\ONNHOLDWMC0795 DOC 
December 1 1995 11 23 AM 

The ~nformauon m thls summary 1s for use b\ World Bank M a n d  consultans m carrvmg out the pollc~es sec out m OP 4 01 Envmnmcncal 
ASsessrnenL and rclatcd documcnu 
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1 0 INTRODUCTION 

1 1 Background 

The Djambul Power station is located in southern Kazakstan, in the city of Djambul, within the 
oblast of Djambul The facility mailing address is 

48405 1, Djambul City 
Djambul Power Station 
Republlc of Kazakstan 

The Director of the station is Afanasiy Ni ( telephone-721035 ) and the Chief Engineer is Vladimir 
P Kokorev ( telephone-7210351, 3-05-10, fax-3-14-66 ) The following key plant staff were 
involved in the facility audit 

Mallk A Utegenov - Deputy Chef Engineer 
Nina M Taradeyeva - Deputy Chef of Technology Department 
Raisa P Nevezhna - Ecology Engneer 
Mikhail G Potapov - Chef of The B~ological Treatment Department 

The following reprsentatives of the Djambul oblast Department of Ecology participated in 
discussions w t h  the audit team in support of t h s  audit 

Aldiyar A Tusupov - Chef of the Department of Ecology 
Abdugulov U Baurzhan - Deputy Department Chief 
Almurat Z Kobesov - Chef of Department of Water Resources Protection 
Anna I Kudryavtseva - Chief of Department for Control Alr Pollution Control 

The audt team was cornpnsed of the following members 

Burns and Roe Comvanv 
John Doyle - Pnnclpal Mechmcal Engineer 
Gennady Doroshin - Leading Power Plant Specialist of the Kazakstan Scientific 

Research Institute of Power Engineenng 
Local Kazakstan Suecialists 

Alexander Pescherov - Semor Specialist at Kazakstanenergo 
Ludmila Ljashenko - Head of the Minlstry of Ecology and Bioresources Scientific 

Research Department for Ecology Problems 
Rafail Akhrnetov - Chief of the Ecology Department at Kazakstanergo 
Mikhad Hojatelev - Leading Scientific Specialist at the Kazakstan Scientific 

Research Institute of Power Engineenng 
Gennady Kropochev - Chef of the Testing Department at Ehbastuz 

Power Plant No 2 
Alexander Parucimov - Leading Specialist at the Almaty Ecology and 

Bioresources Department 

Ths  environmental audit was performed as part of a regional survey of power plants performed as 
part of a USAID funded "Regional Environmental Improvement Study" of environmental problems 
within the power sector of Kazakstan This study, along with the related audits, was directed by 
Burns and Roe Company in cooperation with Kazakstanenergo and the Ministry of Ecology and 
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Bioresources of Kazakstan The audit was performed in accordance with the guidelines of the 
European Bank for Reconstruction and Development as presented in their document 
"Environmental and Health & Safety Standard Audit Report Format" The purpose of this audit 
was twofold The pnmary purpose of the audit, as part of the regional survey effort, was to 
charactenze the current emission levels at the facilities investigated in order to develop 
recommendations for technology improvements which would be applicable to the power sector of 
Kazakstan In this regard, the Elubastuz facility was chosen for audit since its emission problems 
are considered to be representative of those of the power sector in general The second purpose of 
performing the audit was to serve as an opportunity for the team of local specialists to apply the 
classroom traning received earlier in the Study regarding how to perform an environmental audit 
and how to western technologies could be applied to mitigate current emissions problems 

The audit was performed for gaseous, liquid, and solid emissions It assessed the current discharges 
and the conditions which generate them, the methods of reporting emission levels, the 
technology currently in place to deal with these emissions, and plans to reduce emission levels 
Available documentation, such as research reports, facility records, conclus~ons of committees, etc 
were analyzed 

In discussion of the audition program and its results the following representatives of the station 
parbcipated 

Vladlmir P Kokorev - Chef engineer of the station, 

Malik A Utegenov - Chef engineer's deputy for operation, 

Nina M Taradeyeva - deputy of chef of technological department, 

Raisa P Nevezhna - ecology engineer, 

Mikhail G Potapov - chief of treatment equipment of biological treatment 

From Oblast department for Ecology of Djambul oblast the following participated in discussion of 
the audition program and its results 

Aldiyar A Tusupov - chef of Department, 

Abdugulov U Baurzhan - deputy of the chief, 

Almurat Zh Kobesov - chief of water resources protection department, 

Anna I Kudryavtseva - chief of department of Natlonal Control for air protection 

To discuss audition matters and urgent ecologcal problems, concerned with operation of the station, 
united seminar wlth the participation of employees of the station and Oblast Department was held 

Audition was c m e d  out according to methodology of European Bank of Reconstruction and 
Development and consisted of fulfillment of an estimation of the enterpnse influence upon the 
environment according to official data and documents available 

The audition covered gas, liquid emissions, solid emissions, condition of normalization of their 
emitting in environment, orgamzation of monitonng systems for environmentally polluting 
sources, analysis of technical charactenstics of the equipment and emission treatment technologies, 
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used at the enterpnse, plans for stage achievement of normative values for emissions, wastes, and 
their cost charactenstics 

Dmng the work available matenals as the scientific-technological reports, records, conclusions of 
commissions, statlstlcal accountabll~ty of the station, approved hmiting-allowable emissions (LAE), 
permits for emissions, disposition of waste etc were analyzed 

The audition included practical getting acquainted with the station and equipment, treatment 
constructions, ash disposals, places of chemicals, coal, mazut storage etc 

Djambul power station is the basic source of the electnc power for southern Kazakstan It is the first 
power station of block type in republic, one of the most powerful in the region The established 
electncal capacity of the station amounts to 1,230 MWt Gas and mazut are used as fuel on the 
station 

2 0 THE FACILITY 

Djambul power station is located south-east of city of Djambul, 8 krn fkom the city which has been 
one of the largest cities of medieval Kazakstan (ancient name of the city is Taraz), it was situated on 
"Great silk road" fkom China to Europe 

2 2 H~story and Env~ronment Settmg 

The construction of Djambul power station started in 1964 to supply electnc power to fast- 
developing chemical industry of southern Kazakstan, it was made in two stages 

The capacity of the first stage of the power station was determined at 600 MWt with forward flow 
gas and mazut bollers The first stage of construction was completed in 1979 with start-up of 
energetic block 

Construction of the second stage of the power station started in 1974 whch was equipped with 
monoblocks with a capacity of 210 MWt After start-up of the sixth block in 1976 the construction 
of the second stage of the station was completed 

The owner of the power station until recently was Natlonal Company Kazakstanenergo At present 
the power station as well as other power enterpnses of Kazakstan is prepared to be made pnvate 

The power station is located in Kar-Tau foothills, of Kyrgys Alatau, on fertile Talas valley near 
them 

Immediately near the power station there is no natural reserves and recreational zones, however, 
Aksu-Jabagly reserve of republic importance is located approximately 200 krn from the station 

The relief of area is sl~ghtly hlly with difference in heights less than 50m for 1 km in radius up to 
50 maximum heights of chimney of the station Therefore the relief factor in scattering calculation 
is determined to be equal 1 

The basin of Assy and Talas nvers is on a joint of two large geologcal structures - mountain- 
folding and platform ones considerably different hydro-geologically 
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The climate conditions are charactenzed by continental and relative dry character An average 
annual temperature of air in the basin ranges from 3 9°C in mountain part to 9 5OC in semi-desert 
and desert ones The lowest temperatures of air are observed in January - February From February 
to March intensive increase of air temperature begins The max~mum values are observed in 
summer months fiom June to August 

The atrnosphenc precipitation in the terntory IS allocated unevenly increasing wlth he~ght of the 
area As a whole for Djarnbul area precipitation drops little, especially in ~ t s  plaln parts (less than 
250 mm a year) Peculiarity for the terntory IS s~gnificant prevalence of spnng and summer 
precipitation comparatively with wintry one Appearance of snow is usually observed in November 
Snowy penod lasts fiom 2 till 3 5 months in plains and up to 5 months m mountains The snow 
cover is insignificant, on an average it is up to 14-16 cm, however, in foothlls and mountains a 
height of the snow cover reaches 20-70 cm D~sappearance of the snow cover begms in February 
and ends in the middle of Apnl 

The average annual speed of wind, accordmg to data of meteorological stat~on, ranges from 2 8 to 
3 2 m/s The maximum values of speed of wnd in a considerable part of the terntory take place in 
spnng or in the beglmng of summer In general wmds of east and north-east directions prevail [ I ]  

All explored depos~ts of underground waters have hydraulic interrelation w ~ t h  surface waters of the 
vanous fivers, small fivers, spnngs [2] As a rule the irrigation agnculture prevails 

Djambul oblast is a large industrial, agranan and cultural center Mimng ~ndustry and phosphonc 
compositions and yellow phosphorus industry were specially developed here 

In suburbs of Djambul agricultural lands are located 

Oalas mountain nver IS a source of water supply, it is regulated upstream in the terntory of the 
Republic of Kyrghyzstan by a r o v  reservoir 

Immediately near the station settlements of power station employees called "Solnechny" (2,820 
inhabitants) and "Pionersky" (Appendix 1) are located 

The staff at Djambul power station together with contract organizations amounts 1,592 people 

The power station has block type configuration boiler-turbine-generator-transformer 

The diagram of configuration for the first stage - double-block, the second stage - monoblock 
(Appenhx 2) 

In boiler room three two-case forward flow steam generators and three one-case steam generators 
with natural circulation are installed 

On the open ground behmd the main building the blowing mechmsms and regenerative an- 
warmers are located 

Removal of flue gases from steam generators is fulfilled through two chlmneys 180 m high 

The united auxiliary budding consists of two blocks - one-storeyed and four-storeyed ones In the 
one-storeyed part of the building there are water chemical treatment with a chemicals storehouse, 
central repair rooms, electrolyzer room In four- storeyed part of a building laboratones of room of 

12/09/96 1V Bums and Roe Company 



thermal automatics, electnc room and chemical room, cornrnunicatlon unit, laboratones, household 
rooms etc are located 

The water chemical treatment is intended for compensation of steam and condensate losses in a 
cycle of the power station The installation works in a cycle of three-stage desalination with 
preliminary coagulation in sedimentation units Capacity of water chemical treatment is 210 
tons/hour For energetic blocks of the first stage 100% desalination of the condensate is 
determined 

The basic fuel for the station is gas fiom a Bukhara deposit Mazut IS used as the reserve fuel The 
mazut facilities consist of the three-way receipt-dramage device, two mazut-pump rooms and 
storehouse of mazut 

The system of technical water supply consists of water intake unit on Talas nver, turnaround 
system, complex of industrial waste water treatment constructions (CIWT) and samtary waste water 
treatment constructions 

Djambul power station has the following structure of the capital equipment 

Steam boilers 
Type 

PK-47-3 

Turbines 

1 Type I Amount ( Capacity, IWt 1 

TGME-205 I 3 
Total steam capacity, 

Amount 
3 

670 

Total capacity of turbines 
installed. IWt 1 1230 

Steam capacity, tonshour 
640 

E-200-130-1 LMZ 
I?-2 1 0-130-~LMZ 

The steam generators of the first stage of PK-47-3 type, whlch are made by Podolsk boiler factory 
(Russia), are two-case 

The steam generators of the second stage is one-case, w th  natural circulation, with P-type 
configuration The boiler has two independent flows in a steam path and is equipped with 
temperature controlling systems pnmary superheating system is of injection type, secondary 
superheating system is of flue gas recycling 

3 
3 

The design energy production must be about 8,000 MWtfhour 

200 
210 

The actual technological parameters of Djarnbul power station operation are represented in 
Appendix 1 As seen fiom Appendix the actual electnc power production in 1995 was about 50% 
of design value, which, however, is hgher than values for electnc power produced in 1993-1994 

The ratio of gas-mazut vaned annually 
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Years 
1993- 1994 

Gas Mazut 
57-58% 



1 1996 (4 months) 161% 

2 4 Env~ronment Management Structure 

In the field of environment protection, the management of Djambul power station directs its the 
activity in accordance with the current legislation 

the Constitution of the Republic of Kazakstan, 
Environmental protection law, 
Water code of the Republic of Kazakstan, 
A r  protectlon law 

The chef engineer conducts environment protection activity at the station 

The basic problem is observance of the reqmrements of the nature protection legislation, applicable 
standards and rules under operation of the equipment at the station - 

Chef engineer is responsible for distnbution of duties related to environment protectlon among 
industnal subdivisions and the officials, keeping control for their activity, consideration and 
approve of the plans of nature protection measures, providing appropnate reaction to the 
instructions of the appropnate supervising bodies 
All divisions, activity of which is concerned with formation of emissions of polluting substances in 
air, water waste, industnal waste, with treatment and rendenng water waste harmless, namely 
boiler, fuel-handling, chemical rooms and hydraulic engineenng constructions, are directly 
subordinate to chef engineer 

The main task of boiler room management is observing regulations on emission of polluting 
substances under operation of boilers The functions of the personnel are defined by rules of 
t echca l  operation of equipment and by official instructions 

Providing penodic gauging concentrations of mtrogen oxides, sulphur, carbon oxides in flue gases 
of boilers is carned out by adjustment room 

Task of fuel-handling room is providing operation of aspiration plants on unloading, transportation 
and crushng the fuel 
Tasks of chemical room are rendenng industnal waste water harmless at a complex of industnal 
waste water treatment constructions (CIWT), neutralization of acid and alkaline water waste from 
water conditioning construction, control for chemical composition of water from Talas nver etc 

Tasks station of waste water biological treatment are providing operation of samtary waste water 
treatment complex of the enterprise and Solnechny settlement 

Adjustment and heating-power equipment testing room (AHETR), technological (TD) and 
economic (ED) departments In the TD a position of an ecology engmeer is established, who is 
responsible for interaction wth  enmronment protection supervising bodies, providing preparation of 
the emission specifications, coordination and approve of them in ecology supervising bodies, 
obtamng permits for usage of nature resources, taking steps in response to the instructions of 
ecological and sanrtary supervising bodies 

The control for emission quality as well as surface waters in a zone of influence of the station 
analytical laboratory of the station provides, which works according to control schedule agreed 
upon wth  Oblast Department for Ecology and Bioresources 
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The a r  and water emisslon control is performed according to the branch ~ndustnal Instruction and 
Rules, agreed upon with ecology supervismg bodies (Append~ces 7, 8), and In accordance w ~ t h  the 
Methodical rnstructions on organization and order of realization of the analyt~cal control for air 
pollution sources, approved by Mimstry of Ecology and Bioresources of the Republic of Kazakstan 
[9], Instruction for samplmg and analysis of waste and surface waters [lo] 

The emlsslons control is fulfilled by determinat~on of we~ght of polluting substance emissions per a 
u t  of bme fiom the glven source and companng the received results with the establ~shed 
specifications 

The rules provide organization of registration of harmful substance emlsslons at the power stat~on 
with flue gases (or waste waters) fiom chimneys (or discharge of waste waters), account of 
emisslons (discharges) and reportmg under the emisslons control 

The emissions from low sources and ventilation systems, as well as emisslons from mobile sources 
are not supervised owing to insignificant pollution created by them outside industrial platform of 
station 

The emission control is c m e d  out by the station itself and is made periodically (monthly) 
Maximum emisslons per a month (grams per second) and total ones (tons per a month) are 
determined 

It should be noted that the stat~on has presented actual data for emissions for 1996 only 

Maximum and total emissions of nitrogen and sulfur oxides are determined by calculation using 
results of scheduled instrumental measurements of the substance content in flue gases 

Sarnplmg of flue gases at the emlssion control is made beyond the chimney The measurements are 
made at maximum or close to maximum boiler load 

As determined in the branch specifications OND-90 [l l] ,  "built chmneys by the present time at 
heat and power stations are not equipped with sampling places for the analys~s, however, practically 
all chimneys removing the flue gases d~rectly from the bo~lers are equipped with measunng 
sections The actual value of polluting substance emissions ffom the chmneys is determined in t h s  
case by surnrnat~on of emissions measured for each boiler7' 

Determination of emissions is made for separate boilers connected to the given chimney and for the 
power station as a whole 

Calculation of total emissions in a month is made uslng the following parameters 

fuel consumption - according to data of design group of the technological department, 

the sulfur content, heat of fuel combustion (average m a month) - according to data of chemical 
laboratory or according to the certificates, 

monthly average operational boiler load and other parameters of boiler operat~on - according to 
3-tekh (energo) type accountability 

Calculation of maximum monthly emissions is made using the followmg parameters 

the maximum daily consumption of the lowest grade fuel by a group of boilers connected to a 
chmney , 
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the other parameters - like it is made at determination of total emissions but averaged for the 
minimum penod including days when the maximum consumption of fuel took place 

To take into account air emissions logs according to approved form are kept at the station 

Supervision over quality of waste and surface waters is made by station laboratory, certified by 
Natlonal Standard Committee, together with Oblast Department for Ecology and Bloresources by 
techn~ques included in "List of temporanly allowed " 1121 and approved by Ministry of Ecology 
and Bioresources 

The used devices pass metrologycal check In National Standard Comrmttee annually 

The used methods of the water analysis (visual, gravimetnc, volumetnc and photometric) are 
included m the Llst of methods, recommended to be used by Mmstry of Ecology and Bioresources 

The frequency of realization of the analyses and sampling places are coordmated with Oblast 
Department for Ecology and Bioresources 

Sampling and analys~s of normative-pure waters are carned out monthly, smtary waters quarterly 
Sampling and analysis of water meet the methodical requirements of "Instruction on sampling waste 
and surface waters", approved by Mimstry of Ecology and Bioresources 
However, automatic continuous sampling and analysis of discharges at the station IS absent, though 
only it provldes objectivity and reliab~lity of the analysis 
Biological monitonng by a method of biotesting is not also performed which is obligatory 
accordmg to "Rules of protect~ons " [13] 

The regular supervision for mtakes located on Oalas nver are also carned out by Djambul 
Department for hydrometeorology according to the Republican Program of supervision 
3 0 CHARACTERISTICS OF FACILITY EMISSIONS 

3 1 1 Emiss~on Sources 

According to inventory approved by Djarnbul Oblast Department for Ecology in 1993 in terntory of 
the station the following sources of an  pollution are registered 

Three orgmzed sources 

chimney of station No 1 with connected to lt ~fi-47-3 type boilers Nos 1,2,3, 

ch~mney of station No 2 with connected to it PME-206 type boilers Nos 4,5, 6, 

chrnney of station No 3 (starting boiler room wth  five DKVR-6 5/13 boilers) 

Twelve unorganized sources in different rooms among whch the mazut facilities, metal and wood 
processing machine-tools of the rooms, the metal cutting and welding posts, car transportation 
enterpnses 

The polluting substances include 

from orgaruzed sources - sulfur, nitrogen and carbon oxides, vanadium oxide, 
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from unorganized sources - hydrocarbons, carbon oxide, mtrogen dioxide, suspended substances, 
manganese dioxide, fluonc hydrogen, welding spray, sulfur and mtrogen dioxides, abrasive, 
metal and wooden dust 

The particular structure of emissions and there quantitative charactenstics are represented by the 
station as the annual reports by the form No 2-OP (ax) required by the republican legislation The 
reports for 1993- 1995 are represented in Appendix 3 

Descllption of basic elements of the equipment 

The charactenstlcs of chimneys 

station No 1 - 180 m hgh, onfice dlameter of 8 0 my speed, volumetnc charge and temperature 
of gases at outlet at maximum load are equal 15 8 d s ,  796 m3/s, 15 1°R respectively, 

station No 2 - 180 m hgh, onfice diameter of 7 6 my speed, volumetnc charge and temperature 
of gases at maximum load are equal 21 9 m/s, 993 m3/s, 160°R respectively, 

station No 3 - 33 m hlgh, onfice diameter of 1 5 my speed, volumetnc charge and temperature of 
gases at maximum load are equal 6 1 m/s, 10 8 m3/s, 1300R respectively 

Structure of the capital equipment 

Steam bollers 
PK-47-3, one-case, with a steam capacity of 640 tonshour - 3 units 
OGME-206, one-case, with a steam capacity of 670 tonshour, with total steam capacity of 3930 
tonshour - 3 w t s  

Turbmes 
$200-130-1 LMZ wth  a capacity of 200 IWt - 3 w t s  
fi-2 10-130-3 LMZ wlth a capacity of 210 IWt - 3 umts 

Harmful substance emltting sources are steam bollers worlung on gas and mazut as well as DKVR- 
6 5/13 boilers of starting boiler room worlung on mazut 

Design fuel for the basic boilers is gas, reserve one - mazut 
The charactenstics of fuel 
mazut Q, = 9,400 kcalkg, ash content 0 3%, sulfur content 2 48%, 
gas Q, = 8,200 kcallkg 

Conditional fuel consumption reaches on the basic boilers 69 6 - 69 8 tonshour, 
on boilers of starting boiler room 0 7 tonshour 

Fuel consumption by conditional and natural units for 1993-1995 is represented in tables of 
Appendix 4 

For mstance, for 1995 it amounted to 1,443 thousand tons of conditional fuel or 243 thousand tons 
of mazut and 952 lo6 nrn3 of gas The actual ratio of gas and mazut consumption is on an average 
50% / 50% The specific consumption of fuel is about 348 g/kWt-hour 

The charactenstics of the bollers is represented in tables of Appendix 5 
The tables contain the following data 
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the system of burning (burner), des~gn and operational steam capacity (640 tonshour / 550 
tonshour), steam pressure (140 atm), steam temperature (545 "my feedmg water temperature (243 
"my  flue gas temperature (137-1 80"1;[), the boiler effic~ency (91-94 %), descnption of NO,- 
emission decrease system (plan measures), mazut and gas consumption for part~cular boiler, 
volumetric charge of flue gases (620-720 thousand m31hour), an surplus degree in flue gases (1 3 1- 
1 34), specific volume of flue gases per 1 kg of fuel (13 9-14 5 m3/kg) and operating time in hours 
for 1995 (1 900-6000 hours) 

Other charactenstics of boiler with the drawings of a cross sect~on and data on commissioning 
(1967-1976) are represented in Appendix 6 

The general d~agram of one of the OGIA type boilers and diagrams of flue gas ways for boiler of 
both types are represented In Append~x 7 

The techmcal information on the boiler equipment (regeneratwe air warmers, flue gas pumps, 
blasting fans, the fans of hot air recycling) are represented in the same Append~x 

The camtal equipment emissions 

The orgamzed sources of the station emit sulfur, mtrogen, vanad~um and carbon oxldes The stat~on 
has no flue gas treatment equipment The emission control IS performed by calculation usmg the 
charactenst~cs of fuel and its consumpt~on accord~ng to spec~al branch techtuque as well as by 
~nstrumental way (SO2, NOx emissions and gas transparency) 

N~trorren Oxldes 
The content of the polluting substance wholly depends on a type of fuel and way of ~ t s  b m n g  
The modes of boiler operat~on are m detail represented m mode cards (Appendix 8) 
The type of used mazut and gas burners, d~agram of connection of secondary alr pipe to the burner 
of the top tier of OGIA boiler, arrangement of burners on hers m boilers of both types as well as 
d~agram of gauging mode and pollutmg substances parameters are shown m the documents In 
Appendix 9 

The total discharge of nitrogen oxides for years was (Appendices 4, 10) 
1993 - 5717 tons, 
1994 - 1990 tons*, 
1995 - 3568 tons 

* Note The decrease of emissions is connected to reduction of energy production by 
46 4% 

The emisslon control for nitrogen oxides on boilers No 3 and No 4 is conducted with the help of 
cont~nuously worlung devices and on the other bo~lers by chemical method 3 times a week, 
jointly according to two components (SO, + NO2 once a month 

The concentrat~on of nltrogen ox~des in emissions in 1995 was as follows (Appendix 10) 
for ~ f i - 4 7  boilers on gas 21 5 mg/nm3 and on mazut 180 mg/nrn3, 
for O G ~  boilers on gas 290 m g / d  and on rnazut 350 mglnm3 

To reduce n~trogen oxide formation at the station the following measures are taken a mode of stage 
burnmg of fuel, inject~on of mazuted water in furnace, providing secondary blast through splines 
above burners of the second tler These measures are reflected in the L~st  of equipment and mode 
updatmg represented m Appendix 11 Only drawings and diagrams of advanced headpiece on 
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nozzle of the gas burner for all boilers, connections of secondary air box with the boiler screen, 
secondary blast air plpes for OGIA boller are represented here 

Implementation of these measures has allowed to lower the nitrogen oxide emissions on PI?-47 
boilers on gas from 358 to 2 15 mg/nm3 (40%), on mazut from 225 to 180 mg/nm3 (20%), 
on o G ~  boiler on gas fi-om 400 to 290 mg/nm3 (27%), on mazut from 480 to 350 mg/nm3 (26%) 

Sulfur oxides 
Discharge of this polluting substance is wholly determined by the sulfur content in fuel 
According to years the total emissions was 

1993 - 25,320 tons, 
1994 - 6,803 tons, 
1995 - 4,209 tons 

The concentration of t h s  polluting substance in flue gases is determined by calculation and once a 
month by a chemical method ("Evdiometr" device) 
According to represented maximum single emissions for 1996 the concentration of sulfur oxides is 
0 17 - 0 40 g/nm3 (Appendix lo)* At the same time, according to data of the agreed upon 
specifications for limiting-allowable emissions till 1998, t h s  limit in 1996 at sulfur content of 
mazut of 2 48% must be 2,380 mg/nrn3 for the basic boilers and 2,516 mg/nm3 for starting boiler 
room 
By 1998 this limit limiting-allowable emissions must be reduced by usage of mazut with sulfur 
content of 2% up to 1,960 mg/nm3 and 2,090 mg/nm3 for the same sources respectively (Appendix 
12) 

* Note These data concern to penod when at the station mazut with sulfur content of about 
0 5% was burnt being mixed with gas at ratio 70% / 30% Data on whether station can henceforth 
constantly use this mazut are not available 

Vanadlum oxides 

The d~scharge of this polluting substance is wholly determmed by the vanad~um content in mazut 
and structure of fuel balance For instance, according to the report of the station for 1995 56 7 tons 
of vanadium pentoxide were emitted 
Its quantity in emissions is so far determined only by calculation 

3 1 2 Emission Limits 

The current air protection law of the Republic of Kazakstan stipulates setting of the allowable 
emission specificat~ons to restnct harmful influence of emissions of the industnal enterpnses upon 
atmospheric air 

At the moment for the industnal enterpnses a setting of the specifications of so-called Iimiting- 
allowable emisslons and temporanly agreed emisslons of harrnful substances is stipulated by law 

The limiting-allowable emission (LAE) means "the technological specification determined on a 
condition that the content of polluting substances in a lower layer of air from a source or their set 
must not exceed the specifications of quality of air for the population, flora and fauna" (National 
Standards 17 2 1 04-77) 

If for the worhng enterpnse the values of limiting-allowable emissions (LAE) are exceeded then a 
staged reduction of emissions is used up to values of LAE At each stage before providing values of 
LAE the specifications of temporanly agreed harmful substance emissions (HSE) are set 
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Rules of a setting the allowable emissions (National Standards 17 2 3 02 -78) define limiting- 
allowable concentration (LAC) of harmful substances in atmosphenc air confirmed by Mlnistry of 
Public Health Services of the Republlc of Kazakstan as the basic specification of air quality 

In general the rules reqmre the ratio to be camed out 

where C is calculated concentration of harmful substance in lower layer of atmosphere 

As the lower concentration may be formed by a set of emission sources then while setting LAE for 
the given source the values of background concentration Ro determined by calculation or 
expenmentally are taken into account, therefore the abovementioned ratlo is represented as follows 

( S I + R ~ ) / L A C S ~ ,  or R+R,SLAC 

When setting the LAE specifications the maximum lower layer concentration of substance from the 
glven source R, and value of background concentration & created by other sources of emissions are 
determined uslng mathemat~cal model for scattering of gaseous and aerosol impunties in 
atmosphere 

According to "hD-86 The techmque of calculation of harmful substance concentrations in 
atmosphenc an- in emlssions of the enterpnses" maximum lower layer concentration referred to 
adverse meteorological conditions and for hot sources is determmed by the formula 

R, = AMFmnq/( H' VV, AT ) , where 

I - height of chimney, m, 
I - expen&ture of substance discharged to alr, gramdsecond, 
A 0  - d~fference between temperatures of discharged gases and air, 
V, - the complete discharge of flue gases fi-om clumney, m3/s, 
F - factor for separation of hard particles (for gaseous substances F is l), 
A - cl~mat~c factor, 
q - factor takmg into account relief, 
M, n - factors talung into account conditions of nse of the flue gas torch above chimney 

By thls formula and rat~os allowing to determlne a degree of conformity of emissions from the 
given source to represented above expression C + & I LAC can be determined 
In case of discrepancy the expenditure of discharged substance I satisfying to this ratio IS 

determined which w ~ l l  be limiting-allowable emisslon (LAE) 

After setting the LAE specification the list of measures and terms of realization of measures which 
must be implemented at the enterpnse is determined to reduce a level of emissions up to the LAE 
specificahon 

3 1 3 S~ecifications of Diambul power station emissions 

For conditions of D~arnbul power station operation the external organization "fia~tekhener~o" 
worked out a project for the limiting-allowable emission (LAE) spec~fications 

In the project the specifications for sulfur dioxide, mtrogen dioxide, vanadium oxide and 
summation groups No 26 (sulfur dioxide + nitrogen dioxide), No 7 (sulfur dioxide + vanadium 
oxide) and No 10 (vanadium ox~de + manganese oxide) are calculated In addition emlssions from 
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unorgamzed sources are determined For base of calculation the year 1992 was taken Some 
infringements of smtary norms for Iim~ting-allowable concentrations were revealed and measures 
on achevement of limits by 1998 are planned 
The project IS agreed upon and approved by republican ecological bodies 

Accordlng to these limits the station annually receives from Mimstry of Ecology and Bioresources 
of the Republic of Kazakstan the permit for discharge of the amounts of particular polluting 
substances specified in the Project The copies of such permits for 1991-1996 are represented m 
Appendix 13 They determine the control specification for maximum-smgle d~scharge (grams per 
second) and a limit of total emissions (tons per year) 
Both these parameters are represented for limiting-allowable emissions and for temporary-agreed 
emissions 
The analysis of these documents for 1995-1996 and compmson of limits available in them with 
actual emissions (Appendix 10) are represented below 

For sulfur and nitrogen ox~des for 1995 

The emission per second data are not represented by the station, therefore the compamon is given 
for total emissions only 
Gas prevailed in the structure of fuel balance (70%) 
The actual emissions of mtrogen oxides were 3,568 tonslyear and sulfur oxides 4,209 tonslyear 
(Appendix 10) The permitted emission reached, respectively, 9,999 tonslyear and 37,721 tonslyear 
Obviously that actual emissions are much less than permitted ones These parameters can be 
explaned by an incomplete load of the equipment as well as by large content of gas in fuel At 
nominal load and des~gn fuel according to data of the LAE Project t h s  year nitrogen oxide 
discharge of 11,970 tons and sulfur oxide discharge of 46,690 tons were expected (Appendix 14) 
In tlus case the permitted level for both components would have been exceeded 

The companson of actual emissions of the station for 1995 with the requirements of World Bank 
(NO, - 360 mglnm3, SO2 - 100 tonslday) shows that 
the concentration of nitrogen oxides on different boilers ranges from 180 to 350 mg/nm3 (Appendix 
11) and does not exceed the spec~fied lim~t, 
for sulfur oxide a discharge of 4,200 tonslyear corresponds to 12 9 tonslday which is much less 
than the limit, but, on the other hand, at a complete load of the equipment the expected level of 
emission of 49 69 thousand tonslyears (if working 365 days a year) corresponds to 136 tonslday 1 e 
by th s  component the limit is exceeded 

For sulfur and mtrogen oxides for 1996 

Data for actual total emissions are not presented by the station The actual values of emissions are 
represented for the first half-year at the following structure of fuel balance 30% of gas and 70% of 
mazut with the small sulfur content (0 5%) 

Nitrogen oxides 
Boiler No , type I Actual emissions, 

DKVR - (2 3) 
Total 1 260 6 

WB emission I LAE, g/s I N 7  - actual, 

271 1 1271 1 110265 

Xl l l  Bums and Roe Company 



As seen from the table at the station as a whole the LAE specification is not exceeded, however, on 
the first stage boiler (PK-47) the emissions are a bit higher than the norm 
For these boiler implementation of measures on then decrease of emlssions IS necessary 
Sulhr oxides 

Number and type Actual emissions, WB ('96), 
of Boiler S=2 4%, S=2%, 

OGIA 
DKVR - (22 9) 22 9 19 1 

1 Total 1316 3 13387 7 12842 1 1 
In this table the actual data are also represented for unprojected fuel However, such mazut is not 
typical for operation of the equipment 
In case of use of mazut with sulfur content of 2 4 % (plan), the final values will look as follows 

1 Total 1 1518 3 13387 7 1 2842 1 

As a whole, it is possible to state that actual emissions for 1996 do not exceed the WB limit 
specifications 

As for the requirements of World Bank the picture is as follows 
the maximum actual concentration of nitrogen oxides is 265 mg/nm3 which is less than limit of 
World Bank being 360 mg/nrn3, 
the expected level of sulfur oxide emissions at a complete load of the equipment and scheduled 
sulfur content of he1 would amount to 46,690 tonslyear (Appendix 14) and if operating for 365 
days a year it would be 127 9 tonslday whch exceeds a limit of World Bank (100 tons/day) It 
should also be noted that at scheduled decrease of sulfur content in mazut up to 2% by 1998 the 
amount of emlssions will reach 40,619 tonslyear or 11 1 3 tonslday which is hgher than the 
requirements of World Bank Actual emisslon m 1996 is much less as the statlon IS loaded about 
0 3 - 0 5 of rated power and uses fuel with small sulfur content 

Thus, the actual emissions of mtrogen oxides in 1996 a little b ~ t  exceed the requirements of the LAE 
specification, but do not exceed limits of World Bank 

As for sulfur oxides the republican requirements are not exceeded but the limit of World Bank IS 

exceeded by about 35% 

The station has no claims on the part of supervising bodies t h s  year 

The planned work is made at station to decrease the basic polluting substance emissions The Plan 
of measures for decrease of emissions of mtrogen and sulfur oxides (Appendix 12) is implemented, 
it stipulates reconstruction of the an supply to burners of the boiler No 5 
To reduce sulfur dioxide emission the realization of the recommendations is stipulated to achieve 
the LAE under transition to burmng of mazut wlth sulfur content of no more than 2% 

At power station terntory and beside station the supervismg bodies regularly carry out the 
measurements of air quallty (Appendix 15) Besides, there IS the document of the same bodles 
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confirming that in total air pollution of city of Djambul the permitted emissions of the station in 
penod from 1990 till 1995 have never been exceeded (Application 15) 

3 2 Water Supply and L ~ q u ~ d  Waste Effluents 

3 2 1 Sources of Water Sumlv 

The Djambul power station has two sources of intake water 
The Talas nver 
Underground artesian wells 

The mixed water from the mountain Talas nver (regulated upstream by Kxov reservoir), Assa- 
Oalas canal and cooled water after water-cooling towers through a supply water-course, supply 
canal, bmlding of rotating gnds through two pressure head pipelines is put to technological needs of 
the station 

The intaking u t  on the nver was constructed to intake water for needs of Djambul power station 
The water supply from the u t  to the main building is performed by gravity at the expense of a 
difference of geodetic levels of top of water-race and level of installation of turbine condensers 
Thanks to regulating of the Talas nver for irrigation needs the technical water supply is made by the 
mixed scheme d u n g  fall-winter and spnng penods on turnaround water supply from water- 
cooling towers w th  mixing nver water and dmng the summer penod through forward flow 
scheme 

Supply canal is of curvilinear form 350 m long At the end of the supply canal a head regulator and 
sheld concrete dam are located The head regulator is a concrete structure made by two spans 5m 
long with throughput of 50 m3/s The shield concrete dam is divided into five spans 5m long 
Throughput of the dam 1s 304 m3/s 

The supply open canal 470 m long wholly is covered by reinforced concrete plates Width of bottom 
is 6 m Speed of water stream is fi-om 0 35 m/s to 1 21 m/s Throughput of the canal is 50 m3/s 

For detention of fine mechmcal impunty at the end of the supply canal there is the building of 
rotating gnds It is equipped with metal lattices, water treatment rotating gnds, pumps of wash 
gnds There is the pressure head pipeline of technical water supply from cleanng gnds for meeting 
technological needs of the station 

The t echca l  water is used to cool the turbine condensers, the generator gas-coolers, the turbine 
oil-coolers, the feeding pump oil- and ar-coolers, the pump bemngs and rotating mechanisms of 
boiler-turbme room (in chemical room) cooling as well as for other not taken into account 
discharges of the station 
The diagram of techmcal water supply is represented in Appendix 16 

Cooling water of a turnaround cycle takes place in four water-cooling towers The area of watenng 
is 4,000 rn2 

The water of a forward flow cycle is discharged through the open discharging canal into nver Oalas 

According to 2-TP-vodkoz account form water intake was 
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Year Water mtake, 
thousand m31year 



1995 13445 

Year 

The peculimties of the account water consumption at the station are such that in volume of 
turnaround water a volume of fresh water taken for cooling of turbine condensers is shown, wh~ch a changed for years as follows 

The amount of turnaround water changed for years 

Amount of water 

1993 

Year I Volume ofwater, I 

thousand m31year 
659987 

1 thousand m3/year I 

The underground water from the five artesian wells is used to meet san~tary needs of the station and 
Solnechny and Pionersky settlements, as well as under emergency or reserve circumstances for 
technological needs of the station The depth of the artesian wells changes from 50 m to 70 rn The 
yeld of the wells is 30 to 50 Vs 

According to 'TP-vodkhoz" account forms for 1993-1995 water was intaken (in thousand m31year) 

4 165 1, 1600, 1543 5 respectively, i e there is the small reduction (Appendix 17) 

The control for the account of water consumption and water talung at the station is conducted using 
controlling dewces, wh~ch are located upstream Oalas nver and downstream waste water emissions 

m Oalas nver 

a The artesian water meets the National Standard 2874-83 "Drinking Water" 

3 2 2 Liamd Effluents 

At operation of Djarnbul power station equipment the following hnds of waste waters are formed 

a 1) normative-pure (from cooling turbine condensers), 

2) samtary waste waters, 

3) industrial waste waters 
water with oil and m a t ,  
condensate with mazut, 
waste waters from boiler convection surface washng and regenerative air warmers, 
acid and alkaline waste waters after regeneration of ion-exchanging filters 
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Djambul power station has two outlets of waste waters in a water object (Oalas nver) sanitary 
waste waters after biological treatment and chlorination and normative-pure waters after coolmg 
turbine condensers (Appendix 19) 

The discharge of normative-pure waters IS made into the open discharging canal 

Waste waters after coolmg basic technological and auxiliary equipment of turbine section are 
drained into return circulating water pipeline 

From a machine hall along the main building there is the closed discharging canal with total length 
of 522 m 

Then there is the division of water into two flows 
1) to water-cooling towers through mixing pump station, 
2 )  to Oalas nver through siphon well 

The closed supply canal to mixing water pump station (MWPS) is as though continuation of the 
discharging canal From MWPS the water is put to pressure head reservolr of the design charge of 
water of 30 m3/s From pressure head reservoir the water llfted by mixing pumps is d~scharged 
through the open canal going along the supply canal to a head regulator along trailer emisslon 
canals to the front of water intake and to water-cooling towers The water cooled in water-cooling 
towers is dramed into Assa-Oalas canal and is gone to fiont of water intake 

From the main building to siphon well there is the closed canal The siphon well provides 
adjustment of water honzon at the end of the closed canal The siphon well is fitted w ~ t h  automatic 
water drainage and bottom apertures with boards After siphon well waste waters are discharged 
thou h the open canal 967 m long into Oalas nver The complete design throughput of the canal is B 45 m 1s 

The waste waters after coolmg turbine condensers (94 4%), from generator gas-coolers (1 8%), 
from turbine oil-coolers (1 2%), from feeding pump oil- and air-coolers (2  1%) are put to return 
circulating water pipeline and then either to water-cooling towers or to Oalas nver (depending on 
the circuit) These waters are considered to be normative-pure because as s result of such a use they 
are polluted only thermally 

By the order of station in 1985 inspection of Djambul power station was performed by the 
specialized "6azenergonaladka" industnal enterprise to reveal sources, amount and reasons of 
pollution of industnal waste waters [17] According to the recommendations of the experts at the 
stat~on the measures were undertaken to reduce and eliminate discharges and leakages of pollutmg 
substances into the dischargmg canal and even into Oalas nver 

The waste waters contaimng oils as a result of leakage and going from turbine and feeding pump 
oil-coolers are put to a tank of dirty oil Sediment fiom the tank is put to casual drainage pit and the 
oil is gone to a tank of dirty oil Cooling waters from pumps beanngs, poss~ble leakages, drainages 
are put to the drainage pits and then are pumped out through pump station to oiled and mazuted 
waste water treatment plant as stipulated by the project 

Discharge from sampling points of starting boiler room and filters, chemical room, and drainages, 
leakages from chemical room and the drainage waters from mazut facilities are put to the water 
dramage and then on treating mto Oalas nver 
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The waste waters from oil facilities are drained into the industnal storm water drainage of the 
station and then through industnal storm water pump station are put to the treatment plants to be 
pmfied and then to be used in the technical water supply system of the station 

3 2 3 Effluent Treatment 

To prevent pollution of Oalas nver the industnal waste waters at Djambul power station a complex 
of treatment construct~ons is built (CIWT), which consists of the following plants (Appendix 18) 

omled and rnazuted water treatment plant wth  a capacity of 100 m3/hour, 

mazuted condensate treatment plant with a capacity of 80 m3hour, 

waste water treatment plant whch treats water from washmg of boiler and regenerative air 
warmer convect~ve shafts, with a capacity of 370 m3/day, 

waste water neutralization plant whch treats water from water chemical treatment station, with a 
capacity of200 m3kour 

Treated waste waters are expected to be used for needs of statlon 

The treated industnal waste waters (except for neutralized waste waters) from regeneration of ion- 
exchange filters are put to non-filtering slime dumps included in a structure of hydraulic 
engmeenng structures 

The neutralized waste waters are kept on the slime dump and settled water is drained together with 
normative-pure waters into Oalas nver The volume of normative-pure waters discharge for penod 
from 1993 till 1995 has decreased from 1,039 to 1,021 thousand m3 

The smtary waste waters from the basic and auxiliary construct~ons as well as from Solnechny 
settlement m amount of 511 thousand rn3 annually are put to complete biological treatment 
construcbons 

The treatment structures includes 

pump statlon for pumping sarutary waters, 
two two-tier coupled pnmary settling tanks, 
four sections of biofilters, 
four secondary upnght settling tanks, 
eight silt platforms, 
electrolyzer u t  for reception of active chlonne, 
chlorination station for disinfection of treated waste waters 

Capaclty of the treatment constructions amounts to 1400 m3 a day 

As the constructions are not loaded the treatment efficiency is quite sufficient and there were no 
clams on the part of supervising bodmes (Appendix 18) 

D u n g  fall-wmnter and spnng penods the techca l  water supply is made on turnaround water 
supply from water-cooling towers with mmx of nver water and in the summer penod on forward 
flow clrcuit 

The normative-pure waters are cooled in water-cooling towers 
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The station has four film water-cooling towers with the area of irrigation of 4000 mL each with 
hyperbolic ventilating towers 90 m high 

According to the ecological legislation and by the order of the station limiting-allowable emissions 
(LAE) were developed in 1994 for two discharges into water object - Oalas nver sanitary and 
normative-pure waters These norms were agreed with ecological supervismg services and were 
approved 
Their validity IS till 1998 

The conditions of waste water removal into water objects are determined talung into account the 
following 

degree of waste water mixture (dilution) with water of the water object at a distance fiom a place 
of waste water discharge to nearest control outlet unit of water usage, 
design background composition and properties of water fiom the water objects in places of waste 
water discharge 

On the basis of calculations for each waste water discharge limiting-allowable emissions (LAE) 
polluting substances are established and their observance must provide normative quality of water 
in control outlet m t s  of water objects according to the reqmrements of "Rules " or to preserve the 
natural values of composition and properties of the water 

Limiting-allowable emission (LAE) IS a weight of substance in waste water allowable to discharge 
with an established mode in the given place of water object in a unit of time to keep norms of 
quality of water and is 

LAE =Rho Qfi0 

Calculation of the LAE was made according to "Rules of surface water protection in the Republlc of 
fiazakhstan" [13], "the Instruction on normalizing of polluting substance emissions in atmosphere 
and m water objects" [14], "Technique of calculation of polluting substance limiting-allowable 
emissions (LAE) in water objects of the Republic of Kazakstan" [16] 

In a basls of calculations there is a requirement according to whlch each user of water when 
discharging waste waters must keep the following conditions for the nearest along the stream place 
of water usage (control outlet) 

and besides that, at presence of substances of 1 -st and 2-nd classes of danger with identical llmiting 
attnbutes of harmfulness (LAH), LAE is determined according to the following (National Standards 
4638-88 "Sarutary rules and norms", Mimstry of Public Health of the USSR) 

C ~ ~ / C ' I  1 ,  where 

C' - limiting-allowable concentration (LAC), 

1 - amount of normalized substances, 

C' - the concentration "I-th" substance 1n control outlet unit on condltlon of waste water 
discharge by user of water and summation m the second inequality is made for all 
substances with identical LAH whch can be m water control outlet u t  
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Calculation of allowable for emisslon concentrations to streams (except for weighed substances) IS 

made accordmg to Frolov-Rodziller formula 

fiiio 5 Y Qa - fro) qco + Rlae , where 

y - mixture factor which shows what part of water m the nver mixes up with the waste 
waters wh~le ~t goes to control outlet umt located at the d~stance of L krn, 

Q - the charge of water in the nver, m3/s, 

qco - the charge of water in emission, m3/s, 

Ria, - limiting-allowable concentration of a substance, mg/l, 

& - substance concentration m background outlet unit, mg/l 

The concentrat~on of weighed substances is calculated by the formula 

Whde determining the lim~tmg-allowable emissions the maxlmum hourly charge of waste waters IS 

accepted as the calculated charge of d~scharged waters for actual penod of the~r emisslon depending 
on duration and mode of operation of the enterpnse - waste water emission source 

Wh~le determining dilut~on proportionality of the discharged waters by water of the stream in 
control outlet u t  the following condit~ons m calculation are accepted 

For unregulated streams the calculated mmmurn monthly average charge of water for a year 
with keeping 95% of supply, 

For regulated streams the establ~shed guaranteed charge is lower than the dam 

In Append~x 20 data on actual composit~on of samtary and normative-pure water discharges as well 
as qual~ty of water m receiver of water - Oalas nver (before and after the emission) are represented 

The actual parameters of samtary and normatwe-pure waters (except for temperature) meet the 
approved republican LAE norms (Table 1) and the requirements of World Bank for qual~ty of waste 
waters (51 fi-om 6 0 to 9 0, BOD, 50 mg/l, a sum of heavy metal Ions 10 mg/l, petroleum and oils 
20 mgll) 
Table 1 
The limiting-allowable concentration of polluting substances (mgll) m waste waters of Djambul 
power station discharged into Oalas nver 

No 

1 

2 
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3 
4 
5 

polluhng substance 

Weighed 
substances 

Mineralization 
Sulphates 
Fluonde 

Amrnomum mtrogen 

Note The l~miting-allowable concentrat~on 

200 
68 

14 2 

Discharge No 1 
(treated samtary 

drains) 
117 

65 1 
74 9 
19 8 
0 03 

D~scharge No 2 
(conditional- pure 

drains) 
106 

478 



I Nitrate 15 8 2 3 
Petroleum products 0 3 0 03 

Surface Active 0 91 - 
Substances 

BODS 15 0 2 25 
Magnesium - 37 8 

Calcium - 47 8 
Total phosphorus - 0 026 

Total iron - 0 09 
61 6 5-8 5 

Temperature 220R 

Notes 
1 The approved charge of waste waters (treated samtary drains) is 58 33 m3/hour 
2 The approved charge of waste waters (conditional-pure drains) 

In the summer 14,0297 m3/hour, 
In the winter 2,178 m3/hour 

Table 2 
Data on water temperature in Oalas nver before and after normative-pure water discharge from 
Djambul power station 

1996 
Januarv 1120 1 20 0 I 8 0  

Month Temperature 
before, "R 

February 
March 
Apnl 

May 
June 
Julv 

Temperature 
after, OR 

1995 

10 0 
13 5 
11 5 

August 
Se~tember 

The analysis of the tables in Appendix 20 according to quality of normative-pure waters indicates 
that in the hottest months (July - September) the emission temperature changed from 20 to 26°C 

Temperature 
difference, 

14 0 
16 0 
21 0 

October 
November 
December 

while Oalas nver temperature before the emission was 11 5 to 21°C and after the emission from 
17 5 to 2 6 ' ~  

20 5 
21 0 
17 5 

11 5 
17 0 

In 1995 50% of measurements of temperature in Oalas nver after the emisslon comparatively with 

10 5 
7 5 
6 0 

18 0 
21 0 
23 0 

11 0 
10 5 
9 5 

natural one (before emission) has an excess of temperature of 6-9°C and in 1996 fiom January till 
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4 0 
5 0 
2 0 

17 5 
26 0 

6 0 
9 0 

16 0 
18 5 
16 5 

5 0 
8 0 
7 0 



Apnl the excess of temperature ranged from 6 to 10 5°C Such a situation does not meet the 
requirements of "Rules of surface water protection " 

According to these Rules the temperature of water of a fishery reservoir must not nse due to waste 
water emission more than 5°C with general increase of temperature not more than up to 28°C in 
summer and up to 8°C in winter comparatively with natural temperature of the water object 

The quality of the waste waters does not meet temperature requirements of World Bank either 
because according to conditions of the latter it is required the temperature after a zone of mixture to 
be 5°C max above the temperature of received water and 3°C max higher if temperature of recelved 
water is hgher than 26°C 

By the order of the station Djambul branch "fiazecologla" [ ] made a calculation of allowable 
temperature of water in waste water d m g  summer penod talung into account the local hydrologic 
conditions of mixture of waste and nver waters provided that the average long-term temperature of 
water in Oalas nver the fishery reservoir is 20°C and the allowable excess of temperature after 
emission is no more than 5°C (Appendix 20) 

The calculation has shown that limiting-allowable temperature in normative-pure water emission 
d u g  summer penod must not be hgher than 26°C 
It is offered to consider a temperature of 28"R as the factor of nsk and limiting-allowable 
temperature of water from a water object after normative-pure water emissions according to 
Appendix 3 ("Rules of protection ") and recommendations stated in a "Results of sciences and 
engineenng" magazine 

However, it is necessary to note that the explanatory note on water discharge No 2 is made by 
authors not quite correctly Particularly design temperature of 26"R must be concerned with 
discharge of waste waters and temperature of 28"R with water from the water object in mixture 
outlet unit whle in the text of the note both temperatures correspond to water control outlet unit It 
distorts the meaning of calculation and normalizing of temperature of limiting-allowable emission 
which takes place in the documents on limitmg-allowable emission No 2 and in the permit for usage 
of water For instance, in the table of limitmg-allowable emission (Appendix 22) there are no 
temperature parameters though only they must be restricted while discharging normative-pure 
waters in a water object and in the permits given for 1994-1996 (Appendix 23) the temperature of 
the emission is faulty named equal to 28"R 
It would be expedient to take into account the noticed discrepancies while preparing the documents 
for 1997 

3 3 Materials Handlmg and Storage 

3 3 1 Storage of Chemicals 

At the station there is a chemicals storehouse ensunng separate disposition of chemicals (Appendix 
24) 

s u l ~ c  acid in amount of 200 tons m five tanks with capacity of 400 m3, y = 1 8 kg/dm3, 

hydrochloric acid in amount of 100 tons in two tanks with capacity of 180 m3, y = 1 8 kg/dm3, 

NaCl of wet stonng in cells, general stock is 600 tons, 

hydrazine-hydrate in amount of 3 tons in tanks of 17 7 m3, 
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25% ammonia water solution in amount of 100 tons, 

dry lime Ra(i~), in amount of 205 tons, 

Polyacrylamide in polyethylene bags m amount of 2 5 tons, 

Alumnum sulphate (Al2(SO4)3) for settling of outgo~ng waters in amount of 40 tons 

3 3 2 Storage of Mazut 

All petroleum products received by the station are placed and stored on terntory of a mazut 
storehouse whch is equipped with (Appendix 25) 

Receipt-drainage station e n s m g  simultaneous reception of 60 railroad cisterns, 

two reinforced concrete reception tanks with a capacity of 600 m3 each, 

eleven cylindrical metal mazut tanks (3x5,000m3, 5x10,000m3, 3x2,000m3) providing conditions 
of stonng at outdoor temperature of up to 8o0R The tanks are eqmpped with ventilation 
windows with a diameter rangmg 200 to 400 mrn A type of filling is flooded one A speed of 
filling reaches 400 m3hour For these purposes the pump station is used whch includes 

Four 2 fN~-22x3 loading pumps (Q=600 m3/hour), 
Five 8 ND-6x1 pumps of 1st nse (Q=175 m3/hour), 
Pumps of 2nd nse two of 5N-50x4 type (Q=90 m3hour) and three of 8 ND-10x5 type 
(Q=240 m3hour) 

The technological diagram of the pump station is represented in Appendix 

At the station there are as well 
four drainage pumps (of ~$vA,  2 f i -9~ ,  2fi-6 types) , 
4ND-5x 1 pump plant to pump mazuted water, 
PM-10-120 mazut heater with a capacity of 120 tonshour, 
FM-10-120 mazut filters in amount 6 umts includmg 
FM-10-120-40 filters (2 umts) with a capacity of 120 tonshour each and FM- 10-240-40 filters (6 
umts) with a capacity of 240 tonshour 

The temtory of the mazut storehouse is equipped with a secmty and emergency system and special 
means of fire-extinguishmg 

The reception-unloading platform and pumping units are equipped with devices and collectors for a 
casual and emergency leakage of mazut 

, 

Collection of surface waters is provided by a system of surface canals and water reception collector 

3 4 011-Fllled Electrical and Hydraul~c Equ~pment 

In oils of the electncal and hydraulic equ~pment the polychlorbyphenyls are present (PCB) 
However, tests for then- presence at the stat~on were not carned out in addition there are no 
instructions for the personnel to handle the oils contaimg PCBs There are no the measures for 
emergencies and for transition to usage of oils not contamng PCB, either 

3 5 Asbestos 
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Asbestos-contaning insulation matenals are applied at the station for the repalr jobs in small 
amount (up to 500 kg a year) 

The waste contaming asbestos and other fibrous matenals are collected and stored separately from 
common litter and with accumulation are put to util~zation 

There are no special program and instruction for use of matenals conta~ning asbestos as well as 
plans for their replacement by other matenals 

3 6 Waste Management 

The formed at the stat~on wastes are classified as building litter and firm smtary waste 

According to current regulating documents and permits given by the Oblast Department for Ecology 
the annual volumes and places of storage for the station are determined 

Sediments from sanitary drain treatment are placed on specially equipped fields for silt stonng 
whch practically remain completely free 

3 7 Contammated So11 and Groundwater 

Due to the accepted mode of operation of the station there are no industnal wastes required to be 
specially d~sposed or stored on relief of the area, the control for a condition of ground and ground 
water pollution is performed by urban samtary-epidemiology and hydro-geological supervismg 
services 

4 0 SUMMARY OF ENVIRONMENTAL COMPLIANCE 

The audition has shown that Djambul power station tnes to carry out its operation accord~ng to the 
Natural Env~ronment Protection 1n fiazakh SSR Law and other republican leg~slatlve acts 

Since 1995 at the enterpnse a ecology engineer posltion is established, there is a chemical 
laboratory which provldes industnal ecological and analytic quality surveillance of waste and 
surface waters in a zone of influence of Djambul power station, whch IS performed together with 
Oblast Department for Ecology and Bioresources under the agreed schedule 

The used methods and the techmques of the analysis meet the requirements of ecological services 
and State committee of standardizat~on and the devices are passed through metrolog~cal 
certification Waste water sampling technique (usage of sampling by bathometers contributes to 
raise of the test reliability) and implementation of automatic continuous monitonng including 
analysis of the sample, analysis and forecast of quality of environmental objects as a result of 
emission influence require to be upgraded 
The enterpnse regularly reports accordmg to the forms of the state statlst~cal reporting and 
represents the accountability to Oblast Department for Ecology and Bioresources 

According to article 2 1 of "Natural Environmental Protection Law", Djambul power station makes 
payments for using of natural resources withn the established hmits mncludmg payment for 
protection and reproduction of natural resources and payment for pollution of the environment 

According to the accepted form of the account and accountmg data represented in the Appendices 3, 
17 the payment for emissions of polluting substances to environment and disposition of industnal 
waste amounted 2 6 million tenges in 1995 and for the first half-year of 1996 3 3 million tenges 
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There were no above-pentted standard payments, penalties and the payments for 1995 and first 
half-year of 1996 

Current expenses for ~mplementatlon of nature protect~on measures in 1995 were 9 7 million tenges 
including ones for protection and ratlonal use of water resources 8 1 million tenges, for 
atrnosphenc air protection 0 6 million tenges, for protect~on of grounds from mdustnal and 
consumption waste pollut~on 1 0 million tenges 

The expenses for overhaul of the basic production assets for environment protection reached 3 0 
mlllion tenges in 1995 includmg for reconstruction of waste water treatment constructions and 
installations and for rational use of water resources 2 9 million tenges 

The Djambul power station according the mventory made has three stationary organized 
environment polluting sources (two chrnneys remowng flue gases from six boilers and a chimney 
of starting boiler room removing gases from five boilers) Besldes, there are twelve unorgamzed 
sources of mazut facilities, of vmous rooms and vehicles but their contnbutlon to pollution of air 
and through it to ground is inslgruficant, nevertheless, there are also restrictions for emissions m the 
LAE project 

The organized sources are the suppliers of industrial emsslons to the environment sulfu, nitrogen 
and carbon ox~des, nltrogen dloxides and other ingredients 

At the station the measurements of components of combustion products are performed which are 
necessary for the control of burmng process of fuel and emission of polluting substances m an  For 
the first group of components the controllable values are shown on a control board of the boiler 
engineer (transparency of gases, oxygen content, temperature of gases, charge of fuel etc ) 

For vollutina substances 

The content of SO, is superwed periodically by a volurnetnc chemical method 
The content of NOx is determined on several boilers by automat~c devices of continuous action, on 
the others by volurnetnc chemlcal method However, as a whole ~t is not enough for the objective 
reflection of the specified component emissions 

D~scharge of vanadium oxides is not supervised and is estlmated by calculation 

The station has the approved specifications of emissions and recewes the permits kom supervismg 
bodies for ermsslons in due time 

The analysis of matenals shows that at present the discharge of basic polluting substances, SO2 and 
NOx, comparat~vely with the requirements of the LAE norms and World Bank's can be estlmated 
rather ambiguously 

for 1995 - with usage of 70% of gas in fuel balance and at an incomplete load of the equipment 
there are no inhngements for total emissions (requirements of WB), nevertheless, if the 
complete load and standard fuel mixture took place the excess would be expected for both 
components, 

for 1996 with usage of low-sulphunc mazut (0 5%) and 30% of gas In fuel balance dunng 
several months there were no inhngements of the WB specification at a reduced load of the 
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equipment, the same picture would take place with usage of standard fuel and complete load, 
however, thus the LAE specification would be exceeded, 

the compmson of actual and scheduled emissions in 1995/96 with the requirements of World 
Bank indicates the absence of infringements for NOx emissions and their presence for SO2 
emissions It should be noted that even at scheduled decrease of sulphunc content in used mazut 
by 1998 the level of emissions will be exceeded (by 11%) It should be also noted that this 
excess 1s insignificant because according to the republican requirements it does not result in 
exceeding the LAC on the area 

4 2 Water Supply and L ~ q u ~ d  Effluents 

At present Djambul power station has two discharges of waste waters in Oalas nver 

1) treated (in complete biological treatment constructions) samtary waste waters (discharge No I), 

2) normative-pure waste waters (discharge No 2) 

The quality of waste waters and surface waters removed in water collector in a zone of emission 
influence, as mentioned above, is supervised by analytical services of both the station itself and of 
supemsing bodies However, the condition of ecological and analytical control requires to be 
improved on a part of sampling techques, samples storage using integrated methods of the toxic 
control and implementing automated continuous momtonng 

The enterpnse has c m e d  out a number of measures allowing to reduce the antropogenic impact 
upon water object, Oalas nver which is of fishery importance, namely there are no discharge of 
crude mazuted and oiled waters as well as waters contaimng the rests of petroleum products to the 
discharging canal, and consequently, and to Oalas nver 

The enterpnse has the approved specifications for polluting substance emissions, validity of which 
is till 1998 and receives the permits for special usage of water in due time The limits for usage of 
water were not exceeded for the last years and moreover according to the reporting (2TP-air), the 
smaller amount of actually used water was noted 

The actual quality of waste waters fiom both discharges on all parameters meets the approved 
norms for limiting-allowable emissions and meets the World Bank's waste water quality 
requirements, except for thermal pollution for discharge of normative-pure waters (No 2) 

For h s  reason no measures for achievement of LAE at the station were not taken because the 
efficiency of samtary waste water treatment at the complete biological treatment structures is 
sufficient owing to their novelty and underload, and the temperature factor did not draw the special 
attention in either the personnel of station or supervising bodies In addition the developers of LAE 
(a branch of "~azecology) whde calculating allowable temperature of the emission have admitted 
incorrect interpretation of the results, whch led to normalizing of a temperature parameter of the 
emission at a level of 28OC whch is faulty 

The closer analysis of the temperature parameter conditions has revealed the discrepancy both to the 
requirements of republican "Rules of surface water protection" and the requirements of World 
Bank 

Data for 1995-1996 show that the exceeding of temperature in water object after emission 
comparatively with the accepted one ranged fiom 6 to 10 5OC in 1996 and in 1995 in 50% of 
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measurements exceeding by 6-9°C took place whereas "Rules " and requirements of World Bank 
allow no more than 5°C exceeding 

If an average long-term summer temperature of Oalas nver equals 20°C (data of Kazhydromet), 
then the value of the normalized temperature of emlssion considenng dilut~on must not be higher 
than 26°C Only in t h s  case the necessary conditions for l ~ f e  of ichtyfauna will be kept After waste 
water emlssions the temperature of 28°C of the water object must be considered in this case as the 
factor of nsk 

In connection with the abovementioned it IS obvious that the station needs to reconsider the 
documents for LAE calculat~on to updating a temperature parameter and to enter the amendments 
mto the permits for special usage of water as well to develop measures allowing to exclude the 
present exceeding of the temperature parameter 

One of possible ways is an Increase of an overall performance of water-cooling towers 

4 3 Mater~als Handling and Storage 

The necessary requirements are met as for chemicals and mazut storage ensmng ecological safety 
of the environment 

Concerning the polychlorbyphenyls used in oil filling of the electrical and hydraulic equipment and 
asbestos, the enterpnse does not conduct policy directed to their replacement for less toxic ones 
However, there were no claims on the part of ecolog~cal servlces and the cases of the~r sipficant 
negative influence upon the personnel and environment are not registered 

As the fuel at Djambul power station IS mazut or gas the industrial wastes are absent 

Handling w ~ t h  litter and fm sanitary waste is performed according to the standard order and did 
not cause the clams on the part of ecologcal supervismg bodies 

For the same reason and because the station is not operated in a mode of the increased load there IS 

no dangers concemng the pollution of ground and ground waters around station 

From the Oblast Department for Ecology and B~oresources the requirement to the station was 
represented to adjust mon~tonng for benzpirene emissions as possible potential toxic polluting 
substance 

5 0 CONCLUSION 

The Djambul power station tnes to keep its operation according to "Environment Protection Law" 
and other republican acts but, nevertheless, there are the problems connected to mhngement of the 
nature protection legislat~on and requ~rements of World Bank 

To obtain the objective information for air emlssions ~t IS not enough to fulfil gauging for SO2, NOx 
and vanadium oxides by existing methods (SO2 penodically by volumetnc chem~cal method, NOx 
on several boilers by automatic devices of continuous action, and on the others by volumetnc 
chemical method, vanadium oxides by calculation) Besides that, accordmg to the "Instructions " 

and the "Rules " [7, 81 the implementat~on of d~rect measurements in chimney IS required In 
addition, the Oblast Department for Ecology and B~oresources stated a wish to adjust momtonng 
for ermssions of benzpirene 
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In spite of the fact that the station has the approved LAE norms and receives the permits for 
emission in due time, has the approved plan for achievement of the LAE, there are problems 
concerned with the emissions 

for mtrogen oxides 
actual emissions for different boilers ranges from 180 to 250 mg/nm3, which does not exceed 
the requirements of World Bank for mazut stations (360 mg/nm3), however, at a complete 
load of the equipment the expected total emlssion would be 11,970 tonslyear at the 
specification of LAE 9,999 tonslyear, the achievement of the specification is expected by 
use of more perfect technologies of stage burnlng for those boilers where it is necessary, 

a 
for sulfur oxides 

the expected total emissions at a complete load of the equipment would reach 46,690 
tonslyear at the specification of LAE 37,721 tonslyear and the maximum-single emission 
would be 3,387 gls vs the specification of LAE 2,842 gls, the requirements of World Bank 
(100 tonslday) are not reached even at scheduled decrease of sulphur content in mazut up to 
2%, the achevement of the republican specification requirements is expected by use of the 
scheduled decrease of sulphur content of the used fuel, the requirements of World Bank can 
be acheved by decrease of sulphur content up to value less than 2% 

a To reflect more objectwely the emissions structure of polluting substances m waste waters and the 
degrees of their influence upon the environment it is required to improve the sampling techniques, 
samples storage, to implement an integrated method of the control (method of biotesting) and 
continuous automatic momtomg at the station 

The actual condition of normative-pure waters by the temperature parameter does not meet the * requirements of "Rules of surface water protection" and World Bank's allowing temperature 
exceeding of water object after emission not more than 5°C comparatively with the accepted ones 
whereas according to the data for 1995-1996 exceeding 6 to 10 50fi took place 

The approved LAE norms for discharge of normative-pure waters (No 2) till 1998 must be 
a reconsidered to correct the temperature parameter, and then the corrective amendments must be 

taken into account at reception of the permit for special usage of water To achieve the LAE for the 
temperature parameter it is necessary to develop the plan of measures 

Concerning the PCBs used in oil filling of the electncal eqmpment and asbestos the enterpnse does 
not conduct the policy directed to replace the substances with less toxlc ones 

6 0 RECOMMENDATIONS FOR MITIGATION REMEDIATION OF EMISSIONS 

6 1 Air Pollution 

e To keep the requirements of the republican and world specifications for emissions of basic gas 
polluting substances it is expedient to take the following measures 

for nitrogen oxides - to develop and to implement more perfect and rellable technologies of 
b m n g  with achievement of the specifications on those boilers where they are exceeded, as one 

e of ways - to reconsider structure of fuel balance to increase a proportion of the gas burnt, 

for sulfur oxides - to implement burning of mazut with sulphur content of no hlgher than 2% or 
to increase a proportion of gas in structure of fuel balance, 
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to adjust continuous measurements of SO, and NOx by modem electronic devices By an 
example of "Lovett" coal station in the USA to purchase the stationary devices with all 
penpheral devices for penodic calibration, to process and register data, about 0 3 million dollars 
per one block are spent Possible usage of modem simplified system without penpheral of 
dewces - portable electronic devices IS available, for example LANCOM - 6500A They cost 
about 12 thousand dollars At usage of the new instrumental base there will be the necessity to 
agree the new periodicity and the reporting structure with supervising bodies 

for vanadium oxldes - the instrumental measurement of emissions and estimation of necessity of 
their realization are necessary later on 

In connection with the requirement of Djambul Oblast Department for Ecology about necessity of 
benzpirene emission normalizing it would be expedient at the following stage of work to carry out 
instrumental gauging with presentation of the recommendations about necessity or absence of 
necessity of benzpirene normalizing 

6 2 Water Pollut~on 

To represent more objectively the emission structure of pollutmg substances in waste waters and 

a degree of their influence upon the environment at the station it is necessary 

to improve sampling technique, particularly, to implement bathometers which would eliminate 
distortion of the analysis results, 

to provide conditions for sampling storage for determined values of biological consumption of 
oxygen to get bags-refkgerators for the purpose, 

to implement a method of an integrated estimahon of toxic condition of waste and surface 
waters It would allow to give an objective estimation of waste water and water object quality 
with the help of the obligatory method having the national standard importance (the Standard of 
the Republic of Kazakstan 17 1 4 0 1-95) 

Besides that, using "Temporary methodical recommendations for an determination of damage to 
water objects by results of biotestmg", approved by the Minister of Ecology and Bioresources in 
1995, the enterpnse could authentxally estimate damage to the nature It would be useful while 

* compmng expenses for natural protection measures w th  actual damage to the nature 

As the actual condition of waste waters from discharge No 2 for the temperature parameter does not 
meet "Rules of surface water protection" and requirements of World Bank it is necessary to 
reconsider the LAE norms approved in 1994 to correct the temperature parameter as well to enter 
the amendments into the permit for special usage of water and to develop the plan of stage 
achevement of LAE for the temperature parameter One of the techmcal decisions can be a 
reconstruction of water-cooling towers 

The station is required to develop the plan of measures to replace the toxic polychlorbyphenyls 
used in oil filling of the electncal and hydraulic equipment and asbestos used as a heat insulating 

0 matenal for the less toxic matenals 
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Appendix 2 - Site Plan Explanation Code 

1 The main building 

2 Chimneys 

3 The electro-distributive device 

4 Temtory of the chemical room 

a 5 Temtory of the electro-distributive device 

6 Budding of construction management 

7 Repair-mechmcal room 

8 Wood-processing room 

9 Repair rooms 

10 Chemicals storehouse 

1 1 Tanks for chemicals 

12 Pump station of thrd nse 

13 Tanks with a capacity of 1,000 m3 

14 Worlung room of the mazut facilities 

15 Rooms of the mazut facilities 

Q 16 The mazut-acceptance station 

17 Treatment constructions including oded and mazuted water treatment plant, tanks, neutralizers, 
condensate treatment station, washing water neutralization plant 
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1 0 INTRODUCTION 

1 1 Background 

The Elubastuz Power station #2 is located in northern Kazakstan, in Pavlodar oblast, near the 
town of Elubastuz The facility mailing address is 

73871 6, Pavlodarskaya oblast 
Solnechny Power Plant Village 
Elubastuz GRES-2 

The D~rector of the station is Anatoly Gngoryev and the Chef Engineer is f i za  Duisenbinov 

The followmg key plant staff were involved in the facil~ty aud~t 

Valery Gaiduk - Head of the Baler Room 
Gennady Kan - Head of the Hydraulic Department 
Nma Zalurova - Head of the Industnal/Technical Department 
Natalia Zalurova - Head of the Chemical Department 
Nma Krukova - Head of the Laboratory 

The audit team was compnsed of the followmg members 

Burns and Roe Com~anv 
John Doyle - Principal Mechamcal Engineer 
Gennady Doroshm - Leading Power Plant Specialist of the Kazakstan Scientific 

Research Institute of Power Engmeenng 

Local Kazakstan S~ecialists 
Alexander Pescherov - Senior Specialist at Kazakstanenergo 
Ludrn~la Ljashenko - Head of the Mimstry of Ecology and Bioresources Scientific 

Research Department for Ecology Problems 
Rafail Akhmetov - Chef of the Ecology Department at Kazakstanergo 
Mikhail Hojatelev - Leading Scientific Specialist at the Kazakstan Scientific 

Research Institute of Power Engineenng 
Gennady Kropochev - Chief of the Testing Department at Ekibastuz 

Power Plant No 2 
Alexander Paruc~mov - Leading Specialist at the Almaty Ecology and 

Bioresources Department 

T h s  env~ronmental audlt was performed as part of a regional survey of power plants 
performed as part of a USAID funded "Regional Environmental Improvement Study" of 
envlronrnental problems wthm the power sector of Kazakstan Ths  study, along wlth the 
related audits, was d~rected by Burns and Roe Company in cooperation with Kazakstanenergo 
and the Ministry of Ecology and Bioresources of Kazakstan The audit was performed in 
accordance with the guidelmes of the European Bank for Reconstruction and Development as 
presented in their document "Environmental and Health & Safety Standard Audit Report 
Format" The purpose of t h s  aud~t was twofold The pnmary purpose of the audit, as part of 
the regional survey effort, was to characterize the current emission levels at the facilities 
invesbgated in order to develop recornrnendabons for technology improvements whch would 
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be applicable to the power sector of Kazakstan In this regard, the Ekibastuz facility was 
chosen for audit since its emisslon problems are considered to be representative of those of the 
power sector in general The second purpose of performing the audit was to serve as an 
opportumty for the team of local specialists to apply the classroom training received earlier m 
the Study regarding how to perform an environmental audit and how to western technologies 
could be applied to mihgate current emissions problems 

The audit was performed for gaseous, liquid, and solid emissions It assessed the current 
discharges and the conditions which generate them, the methods of reporting emission levels, 
the technology currently in place to deal with these emissions, and plans to reduce emisslon 
levels Available docurnentat~on, such as research reports, facility records, conclusions of 
comrmttees, etc were analyzed 

Following the audit, the audit team's prel~mnary findings were discussed with the staff of the 
city of Pavlodar, Department of Ecology and Bioresources, (department head Mr Nikolai 
Khlystun, deputy Zhurnabek Usenov) A d~scussion of the environmental impact of the 
Ehbastuz No 2 power plant was held with the fac~litator of the project, Mr Alexei Solovyev, 
specialist of Kazakstan Ecologxal Expertise O(azEcoExp) 

Power station No 2 is st111 under construction and when completed will have a des~gn capacity 
of 4000 Mwt At present there are two condensing power blocks with capacity of 500 Mwt 
each The Station operates m a base loaded regime Its design level of energy production is 
24 775 billion KWt-hours annually at fuel consumption level of 17 million tons of coal 
annually Production of electncity in 1995 amounted to 5 16 billion KWt-hours, and coal 
consumption was 3 68 million tons The fuel burned at the Station is locally mmed Ekibastuz 
bituminous coal with an ash content of over 40% The source of water supply to the plant is the 
Irtysh-Karaganda canal 

The facility also has a startupheating boiler plant Ths  plant has hot water-heating and steam 
boilers with a total heating capacity of 200 Gcalhour, and steam production capacity of 250 
tonshour It is the heat source for the Power Station and the Solnechny Construction camp 
This plant also provides steam for certain technological needs of the station 7,478 ha of land 
have been allocated for the Elubastuz No power station Of th s  total, 44 5 ha must be 
developed as industrial buildings and construction Appendix 1 includes a site plan of the 
station the location of the main buildings 

2 0 THE FACILITY 

The Elubastuz Power Station No 2 is located withm Pavlodarskaya oblast, in the Country of 
Kazakstan, 37 km away from the northern boundary of the town of Ekibastuz A site plan 
showng the location of the station is included as Appendix 2 The Irtysh-Karaganda canal 
goes fiom North-East to South-West Ehbastuz Power Station No 1 (with a capac~ty of 4,000 
Mwt) is located 7 km from the canal Between Power Station No 1 and the town of Ehbastuz 
there is dacha housing along the shore of the Ekibastuz spare reservoir Power Station No 2 1s 
17 km north-east of Station No 1 The power plant village housing (Solnechny), for personnel 
associated with both stations, is 4 km north from Station No 2 
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2 2 H~story and Environmental Setting 

Construction of Power Station No 2 began in 1985 under the direction of the Ministry of 
Power Engineenng of the former Soviet Union The project was the next step in the planned 
development of powerful energy complex designed to take advantage of the huge deposits of 
Ekibastuz coal When finally completed, the ultimate design capacity of the station will be 
4,000 Mwt, suppl~ed by eight (8), 500 Mwt power blocks The first block was put into 
operation in 1990 and the second in 1992 The onginal owners of the facility were the State 
Energy Umon, Ekibastuzenergo, of the Mimstry of the Power Engineenng and Coal Industry of 
the Republic of Kazakstan The most recent owner has been the National Energy Company, 
Kazakhstanenergo After the second block went into operation, further development of the 
station was postponed in 1995 due to absence of financing 

The facility IS located in a region with a harsh continental climate having severe winters 
(average monthly temperature in the coldest month, January, is 17-19'~ below zero, with the 
low temperature up to 4 5 ' ~  below zero), and hot summers (average summer temperature being 
+ 19 ~ O C ,  and high temperature of + 40 '~)  Dryness of the climate is ev~denced in a low 
humidity The average annual absolute an humidity is 6 - 6,5 mb There are high winds 
throughout the year Sigmficant environmental damage is caused by the winds in the 
summertime, when, with low humidity and hgh  wind velocity (up to 4 2 d s )  there are dry 
wind dust storms All year long, at the power plant location, the winds are, for the most part, 
south-westerly (28%) and westerly (22%) In winter the winds are repeatedly from the south- 
west (40 - 45%) In spnng and in fall there is re-orgamzation of bmc field In the summertime 
northerners begin to prevail On an average for a year the west wind velocity is 6 5 d s ,  and 
the south-west is 5 9 m/s There are winds with velocity of 8 to 15 m/s about 170 days a year 
Throughout the year there are up to 13 days w ~ t h  dust storms, the most occurnng in May, June 
and July 

The region is located at the juncture of the West-Sibenan platform and the Kazalch heights, and 
is w t h n  the boundmes of the Pnirtyshskaya cavity and the Pnkazakhstanskaya monocline, 
which have a two-tier structure ( bottom and platform layers) The rocks of bottom layer are 
typified by magmatic and sedimentary-metamorphc rocks, extending to a considerable depth 
(over 500 m) and forming a hard, rocky, foundation The platform layer consists of Mesozoic 
complex and Tnas-Jurassic sedimentary and effusive rocks along with beds of sandy and 
clayey sediments of upper and lower chalk penod Ths  layer extends to a depth of 100 - 200 m 
and greater The Mesozoic layer of rocks throughout the terntory is embedded with waterproof 
sediments, 5 to 155 m deep, of middle and upper Paleogene, whch are embedded with clays 
and sands of upper Paleogene, 5 to 40 m deep Neogene rocks are typified by sandy-clayey 
formations, 5 to 100 m deep Quaternary alluvial, deluvial, and proluvial formations (and their 
combinations), of different ages, are typified by sands, clays, sandy-gravel mixes, sabulous 
clays and plastic clays These formations are wide spread and their depth ranges fiom 2 to 35 
m 

Mesozoic and Paleogene rocks are covered by present lake sediments of the terraces 
surrounding the lake Lithologically, the lake sediments are represented by clays, sandy clays, 
oozes and sands at a depth of 0 to 5-10 m The present lake terraces are also developed 
Hypsometncally levels of the lakes are unequal, nsing fiom north to south together with the 
overall nse in the surface level of the region 

In the temtory in question, the most sigmficant geological processes at present are the physical 
weathenng, plane dramage, erosion, swamping, and deflation The zone of fine gnnding is 
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significantly affected by physical weathenng, especially when in the presence of underground 
water, which leads to intensive loosening of clay deposits Plane drainage occurs throughout 
the terntory of the region The surface, which 1s gently sloping and subject to erosion, contains 
small ravines and cavities, 0 2 to 0 3 m deep, frequently salinated, with rare, salt-tolerant 
plants Salination of the ground, in general, is within negative forms of ground forms and is 
related to the presence of underground water near the surface 

Erosion processes are side and depth erosion, leading to the formation of ravines Swamping 
processes occur in the boundanes of lake cavities and closed holes on the penphery of large 
reservoirs (Power stat~ons No 1 and No 2) Weathenng has developed on areas involving 
arable lands, in locations where there is little or no grass on the slopes and the tops of small 
mountains, where there adjoining soil is of poor quality Along the boundanes of the power 
station site, the maximum depth of surface ground deflation is 3-5 cm w~thm the format~on of 
the soil layer 
According to the conditions of seating, reachng and movement of underground waters in the 
area, several types of water-bemng layers, zones and waterproof formations can be found 
Water-beamg layers, in general, are represented by low-penetration, locally water-beanng, 
layers (9 types), water-beanng zones, and waterproof sediments (2 types) Underground waters 
are fed by infiltration fiom surface waters and by underground drainage from h~gher elevations 
(1 e - there is hydraulic gradient with the waters of lower rocks) The water is fresh or slightly 
saline and the microelement contained are bromine, fluonne, iodine, copper, zinc, and 
beryllium Due to the l~mited quantities of these waters, they are of no practical use 

The underground waters of water-beanng zones are wide spread By composition, these waters 
contan chlondes, sulfates and natnum (magnesium), ranging fiom slightly salty to bnne, and 
having a mineral content fiom 1 3 to 63 7 grll Debit ranges are from 0 1 to 15 0 liters/second 
Absolute levels, on an average, range from 169 to 283 These waters are of no practical 
importance 

Surface water resources in areas near Power Station No 2 are the Irtysh-Karaganda canal, the 
Elubastuzskoye spare reservoir, the Zhengeldy and Shandyksor reservoirs (formerly lakes), and 
the very salty Karasor lake, which at present is used for wet ash disposal from Ekibastuz Power 
Stations No 1 and No 2 Watercourses m the area are the Altynai-Zhyrasu, Zhengeldy, and 
Karasu creeks along with isolated cavities contaimng water from spnng floods The Altynal- 
Zhyrasu creek is in the northern part of the region It starts near station No 1, flows 10 - 15 km 
east, and is lost before reachmg the west shore of Karasor lake The Zhengeldy nver starts 
from the Elubastuzskoye reservoir dam and is fed by infiltration losses from the 
Elubastuzskoye reservoir Water consurnpt~on near the dam is 63 liters/second, the width of the 
flow is 0 6 m The direction of the nver flow is from south-west to north-east until it joins the 
cooling reservoir for statlon No 1 ( Zhengeldy ) 
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The Irtysh-Karaganda canal was put into operation m 1966 Its length is 458 km from the 
Belaya nver ( a watercourse of the Irtysh nver ) to Karaganda The canal is used as industnal 
and drinking water supply for many big industnal centers of Central and North Kazakstan 
Shandyksor reservoir (Shandyksor lake) is located in the northern part of the region on the 
south-west area of the Solnechny power plant village and collects discharge water from station 
No 2 

The charactenstics of the reservoir are as follows 
length = 7 krn 
w~dth = 5 8 km 
depth = 11 m 
volume water (as of S_p 1991) = 236 9 million m3 at absolute level of 13 1 95 m 

The reservoir is filled from the Zhengeldy reservoir and the Shidertinsky canal The former IS 

now preserved and water comes from the Shidertinsky canal at a rate of 1 to 3 million m3 per 
day Mineral content of the water in the canal is 0 2 g/l 

The onginal design concept was that afier the Shandyksor reservolr was filled water would no 
longer be taken from the Irtysh-Karaganda canal to feed the reservolr because station No 2 
would be implementmg use of a closed circu~t water supply, however t h s  did not happen 

Karasor lake is 25 km east from station No 1 and 25 km fi-om station No 2 After being filled 
with ash waste it had become an inland heavily salty lake 0 5 - 1 0 m deep 

The station is compnsed of two 500 Mwt power blocks Each block contains a supercntical 
steam turbine (model K-500-240-2), manufactured at the Lemngradsky Metal Plant, a generator 
( model TW-500-2EU3) and once through coal fired boller (model Pp-1650-2-255 ,P-57R), 
manufactured at the Podolsky boiler plant Boiler and fuel charactenstic information are 
included as Appendices 3 and 4 respectively Boiler operatmg conditions are as shown m 
Table 1 

Table 1 

BOILER OPERATING CONDITIONS 

Parameter Measurement 

Steam temperature I "c 1 545 

Design 
value 

Steam consumpfion 

Steam pressure 

tons / hour 

atmospheres 

1 I 

Feedmg water temperature I "C 1 271 

1650 

255 

Overheated steam pressure 

Overheated steam temperature 

Operation value 

1364 Overheated steam consumphon 

Boiler 1 I Boiler 2 

tons / hour 

atmospheres 

OC 
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The boilers are of the "T" configuration with a double cell, balanced draft furnace, with dry 
bottom d~sposal The boilers are designed to fire medium volatile bitummous coal from the 
Elbastuz open cast mine Mazut is used as the auxiliary fuel for start-up The furnace walls are 
water cooled and the boilers are top suspended The boilers have different, direct-fired, 
pulvenzed coal burner systems 

Input alr temperature m alr heater 

Flue gas temperature after alr heater 

Boiler efficiency 

Boiler #1 is opposed-wall, honzontally fired, with 24 swirl type, single register burners ( 2 
honzontal rows of 6 burners on each wall ) each with a separate secondary air duct (1 e - no 
common wndbox) The heat input per burner is 45x10~ kcallh There are no overfire air 
(OFA) nozzles installed Boiler #1 burner arrangement drawings are included as Appendices 5 
and 6 

Boiler #2 has a tangentially fired, low-NOx, pulvenzed coal finng and bulk furnace air staging 
(OFA) system with 24, pnmary airlpulvenzed coal, fixed nozzles ( 3 honzontal rows of 4 
burners on each wall ) with one finng circle m each of the two furnace cells Each coal nozzle 
is equipped with a separate secondary a r  duct (I e - no common windbox) The heat input per 
main coal nozzle is 45x10~ kcallh The secondary air nozzle of each mam coal nozzle is 
arranged so that it contnbutes to the formation of a large diameter, concentnc combustion 
airflow "circle" in the vlcinity of the furnace tubewalls, creating a local oxidizing atmosphere 
for the prevention of localized slag-type wall deposits and tube metal corrosion attack A 
control damper is provided in the secondary air flow to each burner Ths  damper was designed 
to allow a portion of the secondary a r  flow to be diverted and used to form the large diameter 
concentnc airflow "circle" The majonty of the secondary airflow, combimng with the pnmary 
airlpulvenzed coal mixture, contnbutes to the generation of a smaller diameter "finng circle" 
Due to detenoration of these control dampers, a decision was made to discontinue use of the 
diverted secondary air flow stream At the time of testing these ports had been bncked over 
Boiler #2 burner arrangement drawings are included as Appendices 7 and 8 

"C 

OC 
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The draft system of each boiler consists of two forced draft (FD) and two induced (ID) axial 
flow, electnc dnve, fans Each boiler is supplied with raw coal from six silos, each with a 
screw, volumetric-type, raw coal feeder The feeders discharge to six per boder, MPS-2650, 
vertical spindle, medium speed pulvenzers Each pulvenzer has an mtegral centrifugal 
classifier and electnc motor dnve Coal throughput at design rating is approximately 58 teh, 
with five pulvenzers in operation Each pulvenzer supplies pulvenzed coal to four burners 
through PNPC conduits The pulvenzers are pressmzed Pnmary a r  (PA) is supplied by two 
per boiler, radial flow, electnc dnve, fans The PA fans take suction from the discharge of the 
FD fans 

Particulate emission control for each boiler consists of four Ventun Scrubbers (Model MMK 
4x217) followed by two Electrostatic Precipitators (ESP's) positioned upstream of the two ID 
fans per boiler There is no fluegas desulfunzation (FGD) equipment installed The design ash 
collection efficlency was 99 5% The wet stage of the ash collection system was intended for 
partial collection of ash (about 92%) and improvement of the flyash properties for improved 
EPS performance Dmng initial testmg of the ash collection systems, ( followmg 
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commissioning ), the ash collection efficiency was determmed to be 98 77% on block #1 and 
99% on block #2 However, since commissioning the efficiency of the ash collection systems 
have detenorated significantly due to ESP corrosion, excessive Ventun wear, and Scrubber 
blockage A descnption of the ash collection equipment is included as Appendix 9 

2 4 Environmental Management Structure 

Overall management of environmental management structure Elubastuz Power Station No 2 is 
the responsibility of the Chef Engmeer The main task of Chef Engmeer, in this regard, is to 
ensure that the requirements of environmental protection legislation, along with applicable 
standards and regulations implemented dunng operation of the station equ~pment He is 
responsible for distnbution of regulations among all departments heads, and for review and 
approval of all environmental protection plans, and responding to directive from supervismg 
bodies All departments involved with the generation of alr, water, and solid waste emissions 
( namely the boiler, fuel-handling, chemical and hydrotechnical departments ) report directly to 
the Chief engineer 

The pnmary task of the boiler department management IS to be aware of and to attempt to 
adhere to air emission standards dunng operation of the boilers and ash collection equipment 
The functions of department personnel are defined by the rules for t echca l  operation of 
equipment and by official instructions Providing penodic measurements of the concentrations 
of nitrogen oxides, sulfur dioxides, carbon monoxide m flue gases streams is performed by the 
testing department For this reason specialized sub-departments also exist to perform repair and 
testing of bo~lers and ash collection equipment 

The functions of the fuel-handling department include responsibility for the operat~on of 
aspiration plants dmng unloading, transportation, and crushmg the coal fuel The 
responsibility of chemical department is the neutralization of acid and alkaline waste waters 
from water conditionmg m t s  and the control of the chem~cal composition of water in cooling 
water intake reservoir 
The hydrotechmcal department's responsibilities include operation of ash disposal systems, the 
cooling reservoir, and the biological waste treatment system from Power Station No 2 and the 
Solnechny power plant village 

The Heating-Power Equipment adjustment and Testing Room (HPEATR), the Industnal- 
Techca l  Department (ITD), and the Planrung Economic Department (PED) report to the Ch~ef 
Engineer HPEATR is engaged in coordination of activities of the vanous departments of the 
station involved with environmental protection It is responsible for control of polluting air 
emissions, timely arrangement of design standards on emissions, and arnving at agreements on 
emissions with the Mimstry of Ecology and Bioresources of Kazakstan along with obtaining 
required permits for withdrawing fresh water, for ash-cinder waste storage It also prepares all 
the necessary reports required by supervising bodies The Industrial-Techmcal and Plannmg 
Economic Departments provide HPEATR with technical-economic information related to the 
operation of station equipment 
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The facility environmental management structure IS represented as follows 

I Chief Engineer I 

ITD PED 

l~o i l e r  room I Chemical roo I ~~drotech&al  
construc&ons room I I 

Control for air emissions at the facility is made in accordance with the ~ndustry sector rules, as 
agreed to with the Ministry of Ecology and Bioresources of Kazakstan, by defining a mass 
emission rate for each pollutant source and companng the results with the approved standards 
The rules require implementation of accounting control for polluting flue gas emissions from 
chmneys at the station, and the affect on total emissions at the station Sources of low 
emissions, ventilation system emissions, as well as movable source emissions are not taken into 
consideration due to their insipficant coninbution to pollution beyond the facihty site 

Control of the emission of harmful substances is c m e d  out by the station itself along with 
other organizations The schedule for achieving the design emission hmits and the values of 
the tempormly agreed upon "intenm" emission limits, along with the names of the tested 
substances, test methodologies, the frequency of measurement, and the sampling locations, are 
included as Appendix 10 

Emission monitonng is carned out once a month The monitonng consists of measmng of 
maxlmurn monthly emissions rates (grams per second) and total monthly mass emissions 
(tons) 
Maximum and total emissions of nitrogen oxides (NOx) and sulfur oxides (SO2) are calculated 
using results of instrument measurements of these substances in the flue gases Sampling of 
flue gases is downstream of the I D fan The measurements are c m e d  out at maxlmum, or 
near maximum, boiler load 

As noted in the general industry sector standards document, OND-90, " existing power 
station and heating plant chimneys are not equipped with means of analytical sampling, but 
practically all flue gas ducts from the outlet of boilers are equipped with measurement 
locations Actual values of emissions from the chmneys are calculated by summing up 
emissions, measured at each boiler" Meawrement of emissions is carned out on single 
boilers, connected to a chimney and on the power station as a whole, for which the emission 
standard is determined 
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Calculation of total emlsslons per month is made by measunng the following values 

Fuel Consumption - according to calculat~ons by the industnal-technical department 
Ash Content, Sulfur Content, Heat of Combustion of fuel (average monthly) - 
accordmg to data from the Chemical laboratory (or accordmg to certificates for the 
fuel) 
Average Monthly Operational Load of boilers and other boiler operating parameters - 
according to accountability of type 3-tekh (energo) 

Calculat~on of maximum emlssions dmng a month ns performed using the followmg values 

Maximum Daily Consumption of Fuel, of lowest grade, by a group of boilers 
connected to a chmney 
Other Values - As used above when calculating total emlssions, but averaged per 
minlmum penod, including days when maximum consumption of fuel took place 

To keep an account all the au  emissions the stat~on keeps log-books using an approved form 

3 0 CHARACTERISTICS OF FACILITY EMISSIONS 

3 1 1 Emissions sources 

At the Ekibastuz Power Station No 2 there are nearly 30 sources of alr pollut~on consisting of 
chimneys, vents of fuel supply aspiration systems, coal storage area, mazut storage, and others 
The largest quantity of pollutants (99 9%) goes to the air through two clumneys, ST #1 and #2, 
whch are 420 and 100 m h~gh, respect~vely Chmney #1 receives flue gases d~scharged from 
the boilers of blocks #1 and #2 Chimney #2 receives flue gases from the bo~lers in the start-up 
heating boiler plant Information on the chimneys IS mcluded as Appendix 11 Flue gases 
discharged through these chrnneys contam nltrogen oxides, sulfur oxides, carbon monox~de, 
and part~culates (ash, vanadium pentox~de) resulting firom the combustion of Elubastuz coal 
and mazut 

3 1 2 Emission L~mits 

To reduce the harmful affects of the emlssions from industnal facilities the Law of Air 
Protection of Kazakstan sets standards for acceptable emlssion levels At present, fozndustnal 
fac~lit~es, the standards are referred to as "Limited Acceptable Emissions" (LAE,Qand are an \ 

intenm agreement on emissions of harmful substances LAE refers to the "scientific standard, 
detennmed under condit~ons where the content of pollutmg substances, in the lower layers of 
the atmosphere, from the source or a group of sources, does not exceed air standards for 
population, flora and fauna" (GO2T 17 2 1 04-77) If an enterpnse exceeds the LAE level, 

stage, until LAE values 
been determmed The 

limlts (GOST 17 2 3 02-78) establish a 
in alr This hmit is approved by the Ministry 
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In general, the rules require the followmg ratlo to be in effect 

where C is the calculated concentration of th in the lower layer of the / 
atmosphere 

Since concentrations in the lower layer can be affected by many emlssion sources while setting 
the LAE for the present source, the background concentration, Cb, (found by calculation or by 
expenment) must be taken into account Therefore, the above ratlo becomes 

/ 

Whde setting the standards for LAE, the maximum _concentration of a pollutant in the lower 
layer resulting from the present source, cM and the background concentration value, C,, 
(resulting fiom other emlssion sources)/are detemuned by using a mathemat~cal alr dispersion 
model In accordance wth  "Method for Calculating the concentration of harmful substances In 
e r  from facility emissions: "OND-86") the maximum concentration in the lower layer of */ 

atmospheref (related to poor meteorological condit~ons and for hot sources) 1s found by the 
formula 

where 

H - height of chlrnney, m 
M - mass discharge rate , grarns/second 
T - difference between gas and air temperatures 

V, - total quant~ty of flue gases from chtmney, m3/s 
F - factor for separation of particlulates (for gaseous substances F is 1) 
A - cl~mate factor 
q - factor for ground forms (landscape) 
m, n - factors for conditions of hft of the flue gases flow above chimney 

Use of this formula, as well as rat~os, allows the determmation of Cb, from whlch it is poss~ble 
to determme the correlation of emlssions from a source to the ratio C + Cb < LC 
In case of absence of such a correlation, the quantity of the substance discharged, M, is 
determined which satisfies the ratioyd being the LAE, is found After settlng the LAE limit, a 
llst of measures to be implemented at the facility, and their condit~ons, are m v e d  at in order to 
reduce the level of the emissions to that of the LAE limits Slnce the beginnmg of construction 
and the start of operation of Power Station No 2, there have been senous violations of the 
environmental protection legislation The station was constructed without a positive 
conclusion by State ecological experts This was due to the unacceptable designs used for the 
Ash Collection Systems and the techtuques for NO, reduction F~nanc~ng for construction of 
the facility was frequently interrupted by resolut~ons issued by the Mimstry of Ecology and 
Bioresources As a result of the uncertainty associated w ~ t h  the development of the facility, 
along w ~ t h  the absence of offic~al emission standards, the Mimstry of Ecology and 
Bioresources set standards for emlssions based upon operating two power blocks dunng 1995 / 
96 These standards would have to be revised when future power blocks were comrmssioned 
However, the station did not obtain permit to discharge polluting emissions as of July, 2, 1996 
(Append~x 12) despite the intenm emission lim~ts which were agreed to and approved on June 

$ 
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19, 1996 Thls situation constituted a violation of the Environmental Protection Laws of 
Kazakstan As a result, the Pavlodar Department of Ecology and Bioresources imposed a fine 
upon the station of 33 4 million tenge for the second half of 1995 (see Appendix 13) 

The current emission limits currently in use for the facillty are presented in Table 2 It was 
shown by the dispersion analysis performed when establishing standards for limited acceptable 
emissions (LAE) that the faclllty emissions exceed the limits Therefore measures were agreed 1 

to for reducing NO, and particulate emissions which were to be implemented@1999-The a 7  '7' 
emissions limits whzh the station will operate under d u n g  the penod from 1996 - 1999 are ,~-i/, , 

I) f i p  c referred t@-~emporary Agreed Emissions (TAE) Unfortunately dunng this audit of 
the faZility lt was not possible to obtain the data on discharge of flue gas concentrations of SO2 
and NO, from station personnel Therefore, it was only possible to estimate compliance with 

5 the TAE in 1996 indirectly by performing calculat~ons based upon maxlmum single emissions 
(gfs) This data are represented m Table 2 

h r  Emission Limits 

As can be seen from the Table 2, the actual NO, emission rates on blocks No 1&2 of 500-1200 
mglnm3 exceed the calculated TAE limits of 856 mgl nm3 The actual SO2 emissions rates are 
significantly below the TAE limits A companson of the actual emission rates wlth those of the 
World Bank ( NOx = 73 1 mgInm3, SO2 = 100 tpd, Particulate = 50 mg/nm3 ) indicates that all 
llmits are exceeded The actual particulate concentrat~on shown ln Table 2 (499 mglnm3) 
corresponds to an ash collection efficlency of 99 4% However, thls value is unrealistic slnce 
the ash collection efficlency was indicated to be 82 4% on block No 1 equipment in the 
previous testing report (Appendix 14) and due to the physical condition of EPSs whlch was 

EMISSION N P E  

Emlsslon llmlts (199w- 77 ) 
Ermssion per second, gls 
Concentrabon, mglnm3 

Block #1 

Annual ermsslon, tons per year 
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Y L - 

hctual(offic1a~) emlsslons 
~oncent%6n, mg1mn3 
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observed Ash emission amounts 8,000 g/s were mdicated dunng this test~ng, which 
sipficantly exceeds the 1996 limit 

Management of the facility very well aware of senousness of these emisslon levels and the fact 
that they exceed current limits As a result of t h s  situat~on, a plan was developed wh~ch 
includes several steps for reducing emission levels (see Appendix 15) These steps consist of 
finishmg the implementation of Low NOx burners on boiler No 1 and the modification of the 
existing staged combustion system on boiler No 2 by 1 8 Ths  step is expected to NOx % levels to 550 mg/nm3   he second step in t h~s  plan is,reduce particulate emission levels 
through repair and restoration of the wet scrubber and ESP's with a target ash collection 
efficiency of 99 5% 

3 2 Water Supply and L~quld Waste Effluents 

3 2 1 Sources for water suvplv 

Surface waters in the terntory of Elubastuz Power Stations No 1 and No 2 consist of the Irtysh- 
Karaganda canal, the Ekibastuzskoye spare dnnlung reservoir, the Zhengeldy and Shandyksor 
reservoirs, and the very salty Karasor lake, which currently serves as the destination for ash 
disposal from both facilities (refer to site plan in Appendix 2) There is no fixed nver network 
in the terntory There are short-t~med streams The Zhengeldy nver has as its source the 
Ekibastuzskoye reservoir dam and has a flow of 63 m/s which joins the Zhengeldy reservoir 
The Irtysh-Karaganda canal is 458 km long, 30 - 50 m wide, having a depth of 4 - 4 5 m (static 
suction lift of 416 m) Mineralization of the water is 0 25 g/l The flow capacity of the canal is 
2 km3 per year Water from the canal is fiesh and is used for dnnlung and industrial water 
service 
In addit~on to the Irtysh-Karaganda canal, other water supply sources are the Ekibastuzskoye, 
Zhengeldy, and Shandyksor reservoirs as well as the Shdertinsky canal The Ekibastuzskoye 
spare chnlung reservoir, located north of the town of Elubastuz, has the following slze 

Length of 19 km 
Width of 2 km 
Averagedepthof4m 
Total area of 7 2 km2 

The volume of water in the reservoir is 22 million m3 Water is fresh with a mineralization of 
0 18 g/l The shore slant is 3-5' 

The Zhengeldy reservoir, located near station No ,1 has the following size 
Length o f4  5 km 
Width of 4 km 
Average depth of 5-1 0 m 
Totalareaof 18 9km2 

The cavity of the reservoir has a slope of 2-8' The volume of water at the 158 5 m level is 64 6 
million m3 The reservoir is fed directly fiom the Irtysh-Karaganda canal 

The Shandyksor reservoir, located in north area near the Solnechny power plant village at 
station No 2, has the following size 

Length of 7 km 
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Width of 5 8 krn 
Average depth of 11 m 
Total area of 40 82 krn2 

The volume of water at the 13 1 95 m level 1s 236 9 m~l l~on  m3   he cavity of the reservoir has a 
sl~ghtly steep slopes of 2-5' Tlus reservoir is a water accumulator for station No 2 F~lling of 
the reservoir is temporarily from the Shldertinsky canal The annual water intake IS 65 million 

3 m Water mineralization in the canal IS 0 2 g/l At present there IS underway a plan to 
implement a system for treating and reusing the ash disposal water usage in order to decrease 
the water consumption from the reservoir 

3 2 2 Liquid Effluents 

The mam categones of waste water from the station are 

Sanitary waste 
Ash Sluicing Water 
Storm water 
Oily Water 
Water Treatment System Wastewater 
Dnnhng Water Treatment System Wastewater 
Industrial Water Supply System Wastewater 

Effluent Treatment 

Sanitary waste from the station IS treated mechamally and b~ologically followed by 
chlonnation Waste is collected from the mam and auxiliary buildings at the station along with 
that of the Solnechny power plant village After treatment the waste is discharged as pulp to 
joln the ash sluicing water Solid remnants from oozy fields are used as fertilizers The design 
capacity of the s a n i t y  waste treatment plant 1s 10,000 m3 per day with an actual current 
throughput of 4,000 m per day due to the partial development state of the station and village 

Penodic manual sampling of for a number of parameters is made of the san~tary waste water 
treatment effluent The two parameters of concern by Kazakstan standards for sanitary 
wastewater are as follows 

Parameters 
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Water is also monitored for color, transparency, chemical consumption of oxygen, nitrates, 
mtntes, ammonium nitrogen, phosphates, dry remnant, doze of ooze, ooze index and BOD5 
World Bank limits of concern are the following 

Oil content - 20 mg/l, 
Heavy metal ions - total 10 mg/l, 
pH value within 6 - 9 
Chlondes* - 0 5 mg/l 

*Chlorides and heavy metal ion content in water are not regulated and are not 
measured at the facility 

Thus the content of the samtary waste treatment plant effluent generally complies with the 
international and Kazakstan requirements except for oily water sedimentation tank water as 
noted below 

Possible sources of oil contamination of storm water are 

Glands of m m t  pumps 
Flange joints of pipework and armature 
Mazut heaters 
Mazut storage tanks and discharge tanks 
Refimng condensate filters of mazut room 
Spillage in Mazut storehouse and other mazut handling areas 

Possible sources oil contamination of waste waters are 

In the main building oil systems of turbines, of generators, of feed pumps, of mills, 
of fans, of oil refining plants, and pump glands 
In auxiliary buildings pump glands 
Areas around transformers, oil switches, emergency oil discharge, drainage of canals 
and tunnels with oil-filled cables 
In oil economy oil tanks and pump glands, 
Garages and vehicle parking areas 

Due to these potential sources of oil in waste water streams condenser cooling water and 
cooling water reservoir may also be contaminated 

Appendix 16 shows the waste waters and storm waters treatment schemes Storm water from 
equipment and repanng areas, air pumps for airlifts, compressed air storage and from the main - 
building are collected in a storm water collector Design water consumption is about 250 m3 per ---- - 
day Actual discharge flow is about 120 m3 per>ay 

Oil traps discharges, along with storm water, discharge into an independent collecting reservoir 
near the sanitary waste treatment plant from where it is discharged into ash sluice water 
transport line Treatment of oily-water is in an oil trap with a design capacity of 45 L/s (eight 
block operat~on) Receiving tanks with a holding capacity of 2 x 200 m3 and 25 m3 collect a 
waters from non-emergency flows 
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Republic legislation (Samtary Rules and Standards #4630-88) determines oil content - in waste 
waters, discharged into natural waters, at level of 3 mgll However, while dischafging in ash 
dlsposal it is advisable to be guided with World Bank's requ~rements, whlch determine this 
value at 20 mg/l At the same time, there is no measurement of oil content in the collecting 
reservoir Overall control is made on pH only Chemical analysis of water in the collecting 
reservoir is not performed The 20,000 m3 collecting reservoir is made without provision for 
prevent water from entenng and there is an Infiltration of groundwater in before reaching the 
ash d~sposal It should be noted that there is no control of the chemical composition of water in 
the collecting reservoir, no control for oil content, and thus it is impossible to compare the 
quality of t h s  water w th  legislative requirements 

Slu~cinn Water for wet transport of ash and cinders in the ash wet transport system is pumped 
to provide spray water to the Ventuns and scrubbers Transport of ash from beneath the 
scrubbers is through waterlocks and transport of cinder fiom under cold W e l s  of the boilers, 
through the cinder transporters, is made through canals of wet transport of ash with water 
supplied by washng water pumps The ash-cinder pulp then goes to airlifts which raise it 
through pulp lines to a height of +21 m in wet ash upper transport canals From the ESP 
bunkers ash also goes through waterlocks to the upper canal of the wet transport of ash and then 
through two 1020 rnrn pulp lmes (one operating and one spare), by gravity, to the wet ash 
disposal pond The length of the pulp lines is 17 4 km Water consurnpt~on required to provlde 
wet scrubbmg, and to transport ash and cinder, is 1,000 - 1,100 tons/hour per one power block 

Waste waters fiom chemical water treatment svstem result from the treatment of raw water by a 
combination of mechanical filters and chemical action As part of the scheme of water 
treatment, acid and alkaline wastes are discharged to neutralizing tanks After necessary 
treatment (if necessary, with addition of Ca(OH),) the waste waters are dlscharged through a 
system of wet transport of ash into ash disposal Average daily volume of neutralized water 
reaches 200 tons a day Penodically, manual sampling of the quality of discharged waste IS 

performed for pH (standard is 6 5 - 8 5, actual value in 1995 was 8 29) The sampling IS made 
to help prolong life of pipelines Drainage waters from the neutralization tank are put into an 
underground tank (dirty compartment) T h s  tank collects waters the following sources 

Mechmcal filters 
Na-cation filters 
Mixed filters 
Salt removal plants 
Discharge from neutralizing tanks 
Discharge of chemcal treatment system 

Punfied discharge from the boiler and turbine rooms, as well as from water chemical treatment 
tanks, is put to the clean compartment of these underground tanks After collection in 
underground tanks, the discharge goes to the ash wet transport canal or to neutralizing tanks 
Total volume of the drainage through the underground tank is 100 m3 daily Once a day 
manual sampling for pH takes place Ths  IS the only parameter which is defined Kazakstan 
legislation does not provide for controlling other parameters World Bank determines the 
parameters for such discharge streams in accordance with sanitary waste waters standards (see 
~ tem on sanitary waste waters) In the case of this facility, where the discharge is into the ash 
dlsposal pond, the qual~ty of the d~scharged water could not be determined 
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Potable Water treatment svstem discharge waste Water from the Irtysh-Karaganda canal passes 
through pipes of the chemical treatment system and IS pumped to the "Struya" dnnlung water 
unit where it is treated Treatment system waste is discharged into a washlng water tank and is 
then discharged into storm water sewerage There is no monitonng of the d~scharged water 

Industnal water supply svstem and boiler room drainage water are used to cool turbine 
condensers, turbine oil-coolers, generators, flue gases pump bemngs, blowing fans and other 
auxiliary equipment Additionally, this water is used for fire fighting, for washing boilers and 
for wash down of rooms The source of the Industnal water supply is the Shandaksor cooling - - -  -_ 
reservoir w l c h  is fed fiom the Irtysh-Karaganda canal Ths  feeding is now made through the - -__ 
Shidertinsky canal and by deslgn, in the future, will be supplied fiom the reservoir of Power 
Station No 1 (see Appendix 17) Ths  reservoir is an area of the station, which is artificial- 
made on lands, given to the station, not a-natural reservoir The reservoir is for the exclusive 
-c__ -- 
use of water (The Act defimng this exclusive usage is presented in Appendix 18) and therefore 
is not under the jurisdiction of the fish protection bodies which control all natural basins in 
accordance with water legislation The reservoir is considered to be equivalent to industrial 
spray basins It has both the required temperature and saliruty charactenstics which satisfy the 
technical requirements of the station (Information on the Industnal Water Supply system is 
presented in Appendix 19) The Cooling Reservoir has the following parameters at the 
approved design standard level of 132 5 m 

Total area equal to 42 68 km2, 
Volume of water equal to 259 76 milllon m3, 
Maximum depth of 12 6 m 
Average depth of 6 1 m 
Area of shallow waters with depth less than 2 5 m is 17% of total area 

A filling-type reservoir was made in a cavity of the occasionally dry inland Shandyksor lake 
without supporting construction and fencing dams Aktasty drying nver flows into the lake m 
the north and an unnamed creek flows into it from the south-west The lake is inland and its 
watershed area is 202 km2 Formerly, under natural conditions, water flowed into the lake 
dunng spnng floods only The maximum level reached in the lake, in watery years, is 1 5 m 
Grounds of the lake cavlty are salty to vanous degrees The approximate volume of water- 
soluble salts in the ground, 3 m deep, in the area of bottom and on the sides of the reservoir, 
amounts to 3,200,000 tons According to analysis, the soluble salt content in the north-east 
wide cavlty is 60-70 glkg Average annual volume of salty surface water flows into the 
reservoir is 1270 tons, at an average mneralization of water of 930 mgll 

A water balance of the station is included as Appendix 20 Consumption of water, according to 
accounting documents, is represented on form 2-TP-vodkhoz and in an enclosed explanatory 
note (see Appendix 21) Nearly 85% of water taken into the station is used to cool the main 
turbine condensers T h s  water expenences a temperature nse of 8 - 9 ' ~  ( summer average = 

8 ~OC, wlnter average = 9 3 ' ~ )  and is returned to the cooling reservoir without changing its 
chemical composition For two block operation water is pumped by four circulating pumps, 
providing a water flow of 40-60 m3h The techca l  water supply scheme is represented in 
Appendix 22 The actual water quality (chemical composition) is represented in Appendix 23 
Sampling for chemical composition is made once a quarter The World Bank requirements for 
chemical composition of t h s  water include the following not to exceed parameters 
pH=6 9, BOD, = 50 mgll, total heavy metal ions =10 mgll, oils = 20 mgll, suspended solids = 

50 mgll Actual values (as per the above documents) are pH = 6 6, BOD, -not defined, total 
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heavy metal Ions = 0 4 mgll, oils = 0 04 -0 07 mgll, suspended solids = 195 mgll Temperature 
of circulating water at inlet and outlet is continuously measured Under a two block operation 
the average seasonal temperature in the reservoir is 14- 1 7 ' ~  in the summer and 1 1 - 1 2 ' ~  in the 
winter In the hottest summer months the inletloutlet temperatures are 23-26'~ and 31-34'~ 
respectively (June-July, 1995196) It is anticipated that the future operat~on with the design 
capacity of 16 power blocks at Power Station No 1, along with Power Station No 2, will result 
in the water supply canal temperature reachng 35'C, provided the level of the lake nses and its 
area increases Warmmg of water is harmful to microorganisms at the point of discharge of hot 
water only In the other areas the existing values are high For mstance, density of 
microorganisms in the cooling reservoir is 10-1 8 times and the biomass 4-10 times, the values 
of the nearby Elubastuzskoye spare reservoir, whch has similar morphometry, mineralization, 
and ichtyfauna being fed from the same source It should be noted that the present temperature 
regime of the reservoir complies with local legislative requirements However, World Bank's 
requirements on discharge of hot water into natural basins limits the increase at the place of 
mixing to 5 ' ~  or 3 ' ~  when the background temperature is 2 8 ' ~  It is felt that these 
requirements are not applicable to the reservoir of Power Station No 2 since it is not a "natural" 
basin 

One other source of liquid discharge is a cold blowdown water from the boilers (P-57P) dunng 
a 1 5 hour penod when nearly 1,100 tons of chemically pure water is discharged into 
circulation pipes Boiler dramage systems discharges are not contaminated and th s  water is 
sent to recirculation lines or returned to turbine condenser Boiler washwater and building wash 
down water is discharged into the ash removal wet transport system There is no sampling for 
quality of this water 
Another source of discharge is waste from the cleaning of the turbme condensers The cleaning 
process includes preliminary d y n g  and washing of loosened scale, with the circulating water 
discharging into discharge canal This cleaning process takes place, on average, once every six 
months Under special condihons cleamng with chemicals may take place in whch case the 
waste water is discharged into neutralizing tanks of the water treatment plant and then to ash 
disposal system Sampling of this waste consists of measmng pH in the neutralizmg tanks 

3 3 Materials Handling and Storage 

3 3 1 Storage of chemicals 

Requirements regulating the storage of chemicals, 011s etc , are covered in construction 
standards and rules (CSR) in accordance with State Standards (GOST) of the USSR These 
standards require 

Providmg isolation against posslble emssions in environment, 
Use of special matenals for storehouses, reservoirs for collection of emergency 
wastes and their transport, 
Use of special devices for filling, discharge and measmng of chemicals, 
Devices for collection and neutralization of spllled or leaked chemicals, 
Continuous or periodical control for technological processes and pollution of 
accornrnodations and rooms 

Information on the water treatment chemicals used at the station tanks and consumption are 
presented m Table 3 below 
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Table 3 

Chemicals Storage at Ekibastuz No 2 (1995) 

Chemical 

Sulfurrc acid, (&So4) 

Caustic (NaOH) 

Burnt llme (CaO) 

Sodium salt (NaCl) 

Green vitnol (FeS04) 

The concept of the water treatment system IS presented as Appendlx 19 All of the above 
chemlcal storage tanks, along wth  the spent matenals tanks and the neutralizing tanks, have 
been constructed in accordance with the above mentloned standards and are properly operated 
and maintamed in good repar Penodic sampling of the discharges takes place The 
neutralization unit provides neutralization of acld and alkallne waters in the neutralizing tanks 
(NT) In 1995 the waste waters fiom water conditiomng umt (WCU), after chemical treatment, 
had an average pH = 8 29 (standard for pH is 6 5-8 5) Manual sampling of waste waters is 
made once a day There is no automabc sampling of these waste waters The neutralized waste 
waters are discharged Into the wet transport of the ash d~sposal system 

Neutralizing tanks Waste waters discharge of 200 m3 daily 
Underground tanks Waste waters mscharge of 100 m3 daily 
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3 3 2 Storage of Mazut 

To store mazut at Power station #2 there are 6 elevated tanks mth hard roof Three of them 
have a capaclty of 3,000 tons (with diameter of 18 98 m) The others three of 10,000 tons (with 
Qameter of 28 5 m) 

Storage temperature is 80-85'~, speed of filling 240 m3h 
Diameter of vent is 400 mm (one vent) 
Insulation is made of glass wool 100 mrn thick 
Filling of the tanks is made from beneath There are data on mazut consumption in Appendlx 
24 from 1991 to 1995 Total portion of mazut, used for starting the boilers, is less than 5% of 
total quantity of burnt fuel 

3 3 3 Storage of Flv Ash and Bottom Ash 

Discharge of ash-cinder waste from Power station #1 and Power station #2 is made into 
Karasor lake, located 25 km east from Power station #1 and 12 km from Power station #2 
Until filling with the ash-cinder waste the lake was Inland salty-bitter lake 0 5-1 m deep In dry 
years level of water dropped to 0 3 m 

Cavity of the lake IS 3 km3 
Ongm area of surface 1s 40 km2 
Absolute bottom level is 67 5-68 0 m 
Lake Size at present 1s length = 12 km, width = 3 km, depth = 6 5 m, area = 60 km2 
Volume of ash seQments is 37 million m3 
Cavity of the lake has slight slopes (3-4') and a slightly wavy plain 
Overall mineralization of water in the lake is 8 6- 12 g/l 

3 4 Oil-filled Electrical and Hydraulic Equipment 

In oils of electncal and hydraulic equipment there is a lot of polychlorbiphenyls (PCB) 
However, there were no tests on presence of the PCB due to absence of instructions on 
treatment and handling of oils, containing PCB There are no emergency plan in case of 
emergency and plans of use of non-PCB oils either 

3 5 Asbestos 

Asbestos is used at the facility in thermal insulation There are no instructions governing the 
usage of asbestos contaming matenals nor are there any plans in place to change from asbestos 
less harmful matenals 

3 6 Waste Management 

There is a determined list of waste waters for enterpnses The main waste waters are the 
following ash and cinder, industrial and sanitary waste waters as well as slightly polluted 
circulating water Waste waters, discharged into Karasor lake, contains solutions, obtained in 
process of chemical treatment of water, storm water, waste waters of cooling of vanous 
equipment, purified sanitary waste waters and discharge waste waters of ash and cinder system 
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Charactenstics of composition and volume of these wastes are represented in item 3 2 of the 
present report 

The following analyses can be made at the enterpnse 

On circulating water for transparency, colorness, nitntes, nitrates, ammonia, sulfates, 
aluminum, cuprum, pH, chlondes, hardness (overall), oxidizabihty, manganum, 
suspended particles, dry remnant, Mg hardness, Ca hardness, conductivity of water, 
In sanitary waste waters (Append~x 25) temperature, color, transparency, chemical 
consumption of oxygen, mtntes, mtrates, ammonium nitrogen, pH, phosphates, 
suspended particles, dry remnant, ooze dose, ooze index, biochemical consumption of 
oxygen for 5 days, 
Water of chemical room express methods for oils and fuel, oils (mechanical 
admixtures, presence of water, conductivity), neutralized waste waters from chemical 
treatment of water for pH 

Waste treatment at the enterpnse is regulated by normative-legal acts, there are at the station 
permissions for storage of the following wastes 

Ash and cinder, 
Solid sanitary waste, 
Construction litter, industrial waste 

There are no lawful acts for other waste 

There are the following waste stores at the enterpnse 
Ash disposal, 
Fields-reservoirs of samtary waste treatment station 

Specially equipped fields of storage of ooze and reservoir to make sand dry are shown on 
technological outline of biological treatment station 
According to poll among personnel tear of pulp lines and leakage of pulp on ground took place 
There are no data on penalties Practice of ash and cinder storage IS the same since starting 
operation of Power station #2 

3 7 Contaminated Soil and Groundwater 

Pollutine sources are 
I ash disposal with transfer of ash on dusting of beaches beyond boundmes of ash dlsposal and 
filtration of water of ash disposal in ground, 
I pulp lines with leakage of ash pulp on tears of pulp lines and bnngmg the ash away with wind, 
I collection reservoir of storm water and of oil trap waters, with penetration of water into 
ground, 
I fall-out of ash from chimneys of the station 

Soil pollution accordmg to the Republic legislation and requirements of World Bank is 
determined with background concentrations and limit concentrations 
The special challenge is an evaluation of influence of lasting technogenic objects if there are no 
data on condition of environment near polluting source before its construction The said IS 

substantially concerned with zone of influence of Ekibastuz fuel-energetic complex, including 
ash disposal in Karasor lake 
Background level is metals content level far away from places of environment pollution 
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There are no values for hmit concentrations for many metals in home practice Suggested limits 
of heavy metals proved to be illogical towards background content, they are less or the same 
It is not possible to be guided by such limits 
In Western Europe there are limits, suggested by Kloke They include most of heavy metals 
and better correlate with background concentrations 
Onginal limits for certam metals are worked out by CINAO They are a sum of two 
concentrations fixed background and a constant, added to the background (for anthropogenic 
pollution) 
In general, home standards are better, their companson with Kloke's is given in Table 4 

Table 4 

Companson of Concentration Limits 

According to recornmendatlons of foreign specialists on normahzing heavy metal levels pH 
should be taken into account, for instance 

Kloke's 
Home 

Negative influence of ash disposal on environment is caused by dustmg of ash, collected in 
Karasor lake due to incorrect operation of wet transport of ash systems as well as due to ash 
emissions through chimneys Heavy metals are accumulated in ground and plants Despite low 
content of microelements in ash huge volumes of it cause collection of some elements in 
ground Substances of 1-111 grades of danger were taken into consideration in ash fall-out zone 
near 80 km long 
It was shown that the main polluting substances are zinc up to 2 LC, plumbum up to LC or 
hgher, molybdenum 1 5 background content, manganese 1 2 background content, cuprum 2 5 
background content, chrome 4 LC, strontium 1 5 LC, vanadium 1 5 background content, 
banum 2 background contents, fluor 1 2 LC The maximum exceeding of standards for ground 
is observed for arsenic 15 to 50 LC, but it is of natural ongin Fauna accumulates higher 
concentrations of the above mentioned substances (besides arsemc, manganese and vanadium) 
too 
In general, there are substanha1 vanations of toxic substances content in soil and plants 
Snow sampling showed that in spite of high dusting from chrnneys (up to 430 t/km2) and of 
dusting of ash disposal (fraction of whch is not defined), influence on ground is practically 
minimal T h s  is caused by low content of microelements in ash Thus despite substantial 
transfer of ash from surface of ash disposal and its fall-out from clumneys, pollution of soil is 
now low However, in the future, in 10-40 years both at the present capaclty of the station and 
on increase of the number of blocks, there is a calculated tendency of increase of pollution (The 

Limit Concentration, mgkg 

pH value 
t3H=5 
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Zn 
300 
150 

background 
+20 

Cd, mgkg 
0 3 

Pb 
100 
17 

background 
1-20 

Zn, mgkg 
40 

Cd 
3 

0 6 

Cu 
100 
40 

background 
+35 

Ni 
5 0 

Background 
+35 

Cr 
100 
5 0 



matenals are used from KAZECOEXP's work "Evaluation of influence of Ekibastuz Power 
station #1 and Power station #2 ash disposal upon envlronment") 

The acting standards on ~ollution of undermound waters as well as of soil, are based on 
companson with background content of vanous substances Pollution at present and expected 
ones are very different At present at low enough accumulation of ash and cinder and water in 
Karasor lake as well as due to its natural location, total flow of underground waters is directed 
to the lake and there is no spreading of filtered water However, in case of postponing 
construction of design reverse water pomng system from ash disposal, in the nearest 7-15 
years overfilling of the lake may happen followed by spreading to nearby surface basins as well 
as filtration of polluted water fiom ash disposal to underground waters of other places with 
poorer hydrogeological conditions In this case contradictions to "Rules of underground waters 
protechon" requirements may take place Detailed information of underground waters 
pollution is given in Appendlx 22 

Filtration of water fiom collecting reservoir The collection reservoir is made without water 
isolation, chemical composition of water is not controlled (pH is measured only), this water 
may penetrate into ground Hydrogeological conditions at place of location of the pool are such 
that water may penetrate both to cooling Shandaksor lake and to Karasor ash disposal Actual 
way of infiltration is unknown In case of discharge in ash disposal there will be no problems 
Otherwise, underground waters and cooling lake may be polluted Degree of the pollution 
should be measured by momtonng quality of water in collecting reservoir and its infiltration 
into water-bemng layers Ths  evaluation should be made in accordance with requirements of 
rules of surface and underground waters protection by compmson of quality of filtrated water 
with background 

4 0 SUMMARY OF ENVIRONMENTAL COMPLIANCE 

Ehbastuz dust coal Power station #2 (Power station #2) with determined electncity output of 2 
x 500 MWt produces electncity in amount of 5 16 billion kWt-hours per annum using low- 
graded coal with high ash content from Ehbastuz deposit 
The first energetic block of the power station was put into operation in 1990, the second in 
1992 
While producing electncity Power station #2 produces fly ash, mtrogen and sulphur oxides 
emissions in a r ,  consumes water from water sources and discharges liquid and solid wastes in 
environment 

The activity of the Ekibastuz Power station #2 towards air protection is regulated by the Law of 
Environment Protection of Kazakh SSR of 1991, by the Law of the Kazakh SSR "Concernmg 
Protection of Air", by the State Standard 17 2 302-78 "Protection of Nature Air Rules of 
setting acceptable emissions for harmful substances by industry enterpnses" and other 
normative instruments 
From the begimng of construction and putting into operation Power station #2 there were 
senous violations of envlronment protection legislation Construction of Power station #2 is 
fulfilled without positive conclusion of State ecological expertise The main reasons of absence 
of the conclusion are unsatisfactory design methods on ash collection and reducing NO, 
emissions in air Financing of construction of Power station #2 was often interrupted by 
resolution of Ministry of Ecology and Bioresources of the Republic of Kazakstan 

at 
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Design ash collection system efficiency, which consists of 4 wet fore-included scrubbers and 
two four-field ESP's, is 99 5% However, operational efficiency of such system is lower than 
99%, resulting in considerable exceeding the standards determined for Power station #2 
Compmson of the determined standards on fly ash emlsslons in alr, requirements of World 
Bank and actual values of the emissions for Power station #2 is represented in Table 2, item 
3 1 2  
Standards for emission of nitrogen oxides with flue gases in air at the Power station #2 are 
exceeded too Despite the boiler of the block #1 is equipped w~th  special two-reg~ster burners 
with low NOx emission, actual NOx concentration in flue gases for the boiler amounts to 800 - 
1200 mg/nm3 vs permitted standard for the station of 856 rng/nrn3 

The boiler of the block #2 is equipped with tangentla1 burning system, injectors for tertiary 
blow and special burners with low NO, emission However, it also exceeds the determined 
standards Companson of the determined standards on NO, emissions in air, requirements of 
World Bank and actual values of the emissions for Power station #2 is represented in Table 2, 
item 3 1 2 
Boilers of the Power station #2 are not fitted with special flue gases desulfimzation systems 
therefore the standards for SOX emissions with flue gases in air for the Power station #2 are not ; 7 
kept Companson of the determined standards on SO, emissions in air, requirements of World," 
Bank and actual v w  of the emissions for Power station #2 is represented in Table 2, item 

C h e y  and boilers of the Power station 2 do not have instruments for automatic 
controlling emissions in air 

Pavlodar oblast Department for Ecology and Bioresources has presented penalties to Power 
station #2 in amount equivalent to US$ 5 million for polluting substances emissions without 
having the permission Power station #2 has gotten the permission for polluting substances 
emissions in June, 1996 only However due to exceeding the standards for the emissions, the 
claims to Power station #2 for the exceedmg the standards for emissions in a r  should be 
expected 

To make the emissions in air meeting the standards for Power station #2 a plan of measures 
was arranged to reduce fly ash and nitrogen oxides emissions, scheduled until 199 The plan 
provides raise of efficiency of the operating ash collection equipment to 99 5% by repainng 
them and by equipping the block #1 with stage burning system and new low NO, emission 
burners Expenditures for these steps will amount to US$ 24 million Measures for reduction 
of SO, emissions are not planned It should be noted that the scheduled restoration of 
efficiency of the ash collection equipment according to design scheme, judging by expenence 
of Ekibastuz Power station #2 #1 may not provide their reliable operation and design 
efficiency 

4 2 Water Supply and Llqu~d Effluents 

Issues of water resources protection and their rational usage in the Republic of Kazakstan are 
regulated by Law of Environment Protection, Water Code of the Republic of Kazakstan, Rules 
of source waters protection and other rules and standards Elubastuz Power station #2 is big 
user of water from Irtysh-Karaganda canal In 1995 to fill coolmg reservoir, to provide wet 
transport of ash and cinder, to operate water conditioning units, to provide dnnking water needs 
82 million rn3 of raw water were used Water consumption in return water cooling system 
amounted to 686 million m3 Power station #2 does not have discharge of untreated waste 
waters in natural water sources 
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Power station #2 produces the following liquid wastes 
I waters polluted with mazut and oils, 
I storm waters, 
I waste waters from demineralization water units, 
I sanitary waters and others 

All the waste waters after respective treatment or neutralization are put with ash pulp to ash 
disposal Hydrogeological conditions at location of the ash disposal are so that there is no 
noticeable pollut~on of underground waters m t h~s  area There are no violations of nature 
protection legislat~on towards discharge of waste waters At Power station #2 a system of wet 
transport of ash and cmder is used At present t h s  system is forward flow because design 
scheme of return of treated water from the ash disposal to wet transportation of ash wastes and 
other needs is not implemented By that the requirements of legislation on rat~onal usage of 
water resources are violated 
In ash disposal of Power station #2, Karasor lake, in 1995, 11 6 million m3 water were 
discharged It is expected that under such a pace of filling the lake, the problems with 
underground waters and surface basins pollution may take place 

4 3 Mater~als Handlmg and Storage 

Organization of acceptance and storage of coal and m m t  at the Power station #2 does not 
seem to be dangerous in respect of environment pollution 
The calculations, made while determimng standards for polluting substances emissions from all 
sources of Power station #2, has shown that there are no noticeable concentrations of dust coal 
and carbohydrogens beyond industnal site of Power station #2 
Therefore implementation of any additional measures to prevent environment pollution under 
acceptance and processing of vanous matenals (coal, m m t  etc ) is not required 
At Power station #2 asbestos is widely used as insulating matenal However special measures 
on its safe usage are not taken 

4 4 Contammated So11 and Groundwater 

Wet ash disposal in Karasor lake, due to the hydrological peculimties (mland cavity) of the 
lake, provides an ecolog~cally safe storage However, the absence of return water system with 
return of treated water for technical needs in the hture will result in fast overfilling of the ash 
disposal and leakage of water from it at first by filtration, then by splashng At the station 
technology of undusting of dry ash fields is not implemented either, resulting in their dusting 
and transfer of ash to ground surrounding the ash disposal To prevent possible negative 
influence upon environment it is required to implement the measures towards return water 
system and undusting of ash fields 

Levels of soil pollution in the area of Power station #2 are regulated according to legislation of 
the Republic of Kazakstan by background concentrations and limit concentrations Soil 
polluting sources are fly ash from chimneys of Power station #1, #2 and ash from the dry ash 
fields Because the Elubastuz Power stations #1, #2 are 20 km away from each other and they 
have one common ash disposal, it does not seem possible to separate their influence upon soil 
pollution Despite a low content of microelements in the ash, large amounts collect in some 
ground areas 
It was shown that the man  polluting substances are zinc up to 2 LC, plurnbum up to LC, 
molybdenum 1 5  background content, manganese 1 2  background content, cuprurn 2 5 
background content, chrome 4 LC, strontium 1 5 LC, vanadium 1 5 LC, banum 2 background - 
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contents, fluor 1 2 LC The maximum exceeding of limit concentration in ground IS observed 
for arsemc, but it is of natural ongin 

In general, there are substantial vanations of toxic substances content in soil and plants 
Snow sampling showed that in spite of hlgh dustlng from chimneys (up to 430 t/km2) and of 
dusting of ash disposal (fraction of which is not defined), influence on ground is practically 
mimrnal Tlus is caused by low content of microelements in ash However, in the future, at the 
present capacity of the stations (Elubastuz Power station #1 4,000 Mwt and Power station #2 
1,000 Mwt) there is calculated tendency of increase of so11 pollution 

5 0 CONCLUSION 

h r  Protection 

At Power station #2 there are problems concerned wth  violation of environment protection 
legislation of the Republic of Kazakstan In particular according to available lnformation on 
emissions m air the following violations occur 

Virtual exceeding of limits of emission of fly ash and sulfur and nitrogen oxides 
Dusting of dry beaches of ash disposal 

Condition of control for harmful substances emissions wlth flue gases fiom boilers in air meets 
the republic but does not meet the mternational requlrements due to not being able to provide 
continuous measurement of concentration of polluting substances and emission of flue gases 
Absence of continuous automatic momtonng of emissions in air with use of respective certified 
measuring systems makes it difficult to fulfill correct evaluation and present volumes of 
emissions in air and degree of exceeding determined limts at Power station #2 Due to senous 
financial problems and absence of acceptable suggestions, management of the station proposes 
restoration of combined system of ash collection (ESP's wth  fore-installed wet scrubbers 
Ventun) what may lead to design ash collection efficiency However, due to unreliabillty of the 
system it can provide meeting the republlc requirements for one to two years Thus it is 
necessary to consider alternative vanants of modemzation and to choose respective equipment 
In the future due to present plans to increase capacity of the station, possibly, it will be 
necessary to use additional technology to reduce sulfur oxldes emissions The same outlook 
expected towards World Bank's requ~rements because the station instead of determined 100 
tons of sulfur dloxlde per day emits 120 tons with two blocks of total capaclty of 1,000 Mwt 
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Water Protection 

In general, policy of Power station #2 concerning ecological outcomes of emissions of waste 
waters and according to requirements of nonnative acts may be charactenzed by different 
components 

By samtary waste waters there is no discrepancy, 
By water for transport of ash wastes, there is no return of treated water from ash disposal 
and its usage in closed clrcuit, provided by design, therefore in case of detaining of starting 
t h ~ s  system for 5 - 7 years, there is a nsk of overfilling of Karasor lake and pollution of 
underground waters beyond the ash d~sposal, 
By storm waters and waters polluted with mazut, a filtration of water from collecting 
reservoir into underground waters may take place with possible penetration of the waters in 
cooling reservoir, therefore control for chemical composition of water and investigation of 
concrete ways of discharge of the water are necessary, 
By waste waters from chemical treatment of water there are no d~screpanc~es, 
By storage of chemicals there is no discrepancy, 
By storage of solid and liquid wastes, there is discrepancy with design towards storage of 
ash and cinder, namely formation of ash beaches and their dusting There are no problems 
with storage of solid samtary wastes and construction litter, 
By pollution of soil and underground waters, despite huge quantity of ash, brought away 
with wmd to nearby area, pollution of soil is still low due to likeness of their chemical 
composition Works on stopping dusting are now planned only There is infiltration of 
water from ash disposal into ground, but its spreading is limited by boundaries of Karasor 
lake, though trouble will happen on overfilling ash disposal due to detaining with starting 
closed circuit water system, 
By cooling water (circulating water), and respectively by cooling reservoir there now is no 
problem However, it should be noted that on putting into operation design scheme of 
closed circu~t water su ply for wet transport of ash mineralization of water in the reservoir 
will nse due t; keduc J' g of blowing Chus, in its turn, may lead to w&erung of operational 
regime of condensers, and as a result, to overconsumption of fuel to produce electricity 
Influence of higher mineralization on underground waters should be studied closer An 
transfer of salts in air from reservoir will be more and from ash disposal less and m all, 21% 
less due to reducing consumption of water from Irtysh-Karaganda canal 

6 0 RECOMMENDATIONS FOR MITIGATION & REMEDIATION OF 
EMISSIONS 

To acknowledge conclusions of exceeding emission limts for mtrogen oxides, sulfur 
oxides and ash due to absence of reliable momtomg emssions at Power station #2, 
correct measurements of rutrogen oxides, sulfur oxides and ash content in flue gases 
of Power station #1 and Power station #2 should be done by instrumental methods 
Cost of purchase of portable analyzers of flue gases is about US$20,000 

To make emissions of Power station #2 meeting requirements of normat~ve 
documents the following steps are suggested 
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NO, - organization of stage combustion with installation of new NO, low emission 
burners to reduce concentrat~on of NO, to 550 mg/nm3 
Cost per a block is US$ 1 5 million 
fly ash - reconstruction of ash collection system, namely change of the present 
system (wet scrubbers + ESP's) for 
a) six-field ESP's and system of flue gases w~th  SO3 cond~tioning, 
Capital costs per a block are US$ 64 x 500,000 = US$ 32 million, exploitation costs 
US$50 x 500,000 = US$25 million, 
b) ESP's + retrofittmg filters 
Repair of ESP's per a block is US$ 1 mllllon + US$50 x 500,000 = US$26 mlllion, 
c) retrofimng filters 
Reconstruction of ESP's w~ th  installation of retrofitting filters is US$ 35 x 500,000 = 

US$ 17 5 milllon per 1 block 

It is necessary to equlp energetic blocks wth  up-to-date devices to control emissions of 
nitrogen oxides, sulfur oxides, carbon oxides, and to define consumption of flue gases 

6 2 Water Pollution 

Recommended steps to improvmg the condition are 

It is necessary to fimsh construction of line of punfied water and pump station It will 
allow to protect raise of underground waters followed by penetration of polluted 
discharge fi-om ash disposal to other lakes and it w~ l l  substantially reduce 
consumption of water fi-om Irtysh-Karaganda canal, 
To stop dusting of ash beaches it is necessary to mix clay in pulp or to mstall 
hydraulic excavator on aquat~c surface of ash disposal, 
TO prov~de making ash beaches evenly wet lt IS necessary to make floatmg pulp 
discharge w t s  of pontoon or other type, 
To prevent pulp lines from tear and leakage of pulp on ground forms it IS necessary to 
install gland compensators for temperature expansion, 
TO study possibility of underground waters pollut~on through bottom of sediment 
reservoir for storm waters and water polluted with mazut, which does not have water 
isolat~on, 
To put into operat~on design scheme of feeding the reservoir of Power station #2 
through reservoir of Power station #1, t h~s  will allow to Improve salt regime m the 
reservoirs and to reduce waste of water 

Note Est~mate of costs to implement these recommendations should be made more preclse 
dmng the next stage of work 
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1 0 INTRODUCTION 

1 1 Background 

The Ermakovskaya power station is located in Kazakstan, in Pavlodar oblast The facility mailing - 

- address is 

6383 10, Pavlodarskaya oblast 
Aksu Village 
Republic of Kazakstan ( telph -3 182, 795-433, fax-3 182,795-381 ) 

- 

The current owner of the facility is "Kazakstabkhrom" 
The D~rector of the station is Abduazim Rustambayev (teleph - 23-50) 
The Chef Engmeer 1s Vyacheslav Kuksa (teleph - 23-5 1) 

The following key plant staff were involved in the facility auht 

Vladirmr Novik - Deputy Chef Engineer 
V Fenev - Head of the Boiler-Turbme Dept 
E Safionov - Head of the PlanzllngITechcal Dept 
VI Belomestnov - Head of Adjustment and Measurement of Heating Equipment 
E Shabarov - Head of the Chemical Dept 
I1 Bezrukov - Head of the ESP Dept 
E Sinehkova - Head of the Analytical Laboratory 
F Kazak - Head of Hydro-Techmcal Services 

The audit team was cornpnsed of the following members 

Burns and Roe Company 
John Doyle - Principal Mechmcal Engineer 
Dav~d Cooksley - Environmental Specialist 
Gennady Doroshin - Leading Power Plant Special~st of the Kazakstan Scientific 

Research Institute of Power Engmeenng 

Local Kazakstan Specialists 
Alexander Pescherov - Seruor Specialist at Kazakstanenergo a Ludmda Ljashenko - Head of the Ministry of Ecology and Bloresources Scientific 

Research Department for Ecology Problems 
Rafail Akhrnetov - Chef of the Ecology Department at Kazakstanergo 
Mikhal Hojatelev - Leading Scientific Specialist at the Kazakstan Scient~fic 

Research Institute of Power Engmeenng 
Gennady Kropochev - Chef of the Testing Department at Elubastuz 

Power Plant No 2 
Alexander Paruc~mov - Leading Specialist at the Almaty Ecology and 

B~oresources Department 

e Ths  environmental audit was performed as part of a regional survey of power plants performed 
as part of a USAID funded "Reg~onal Environmental Improvement Study" of environmental 
problems withn the power sector of Kazakstan T h s  study, along with the related audits, was 
d~rected by Burns and Roe Company m cooperation with Kazakstanenergo and the Mimstry of 
Ecology and Bioresources of Kazakstan The audit was performed in accordance with the 

a 



guidelmes of the European Bank for Reconstruction and Development as presented in their 
document "Env~ronmental and Health & Safety Standard Audit Report Format" The purpose of 
this audit was twofold The pnmary purpose of the audit, as part of the reg~onal survey effort, was 
to charactenze the current emission levels at the facilities investigated m order to develop 
recommendations for technology ~mprovements whch would be applicable to the power sector of 
Kazakstan In t h ~ s  regard, the Ekibastuz facility was chosen for audit since its emission problems 
are considered to be representative of those of the power sector in general The second purpose of 
performing the audit was to serve as an opportunity for the team of local specialists to apply the 
classroom tralmg received earlier in the Study regarding how to perform an env~ronmental audit 
and how to western technologies could be applied to mitigate current emissions problems 

The audit was performed for gaseous, liquid, and solid emissions It assessed the current 
discharges and the conditions whrch generate them, the methods of reporting emission levels, 
the technology currently in place to deal w th  these emissions, and plans to reduce emisslon 
levels Available documentation, such as research reports, facility records, conclusions of 
committees, etc were analyzed 

Followng the audlt, the audit team's preliminary findings were discussed with the staff of the city 
of Pavlodar, Department of Ecology and Bioresources These included department head Mr 
Nikola Khlystun, deputy Zhurnabek Usenov, and divlsion heads S Guber, T Orlik, and L 
Uchemk 

Ermakovskaya power station 1s coal-based power station with total output of 2,400 MWt 
operating on coals from nearby Ehbastuz The station produces electncity for supply to 
enterpnses of the Pavlodar industnal region, and can supply electncity to Russia The station uses 
water fi-om the Irtysh nver for turbine condenser cooling The coolmg system is once through with 
heated water dscharging back to the Irtysh 

Fly ash and bottom ash wet sluiced to a wet ash disposal site near the facility 

2 0 THE FACILITY 

The site of the station is located on the left bank of Irtysh nver, 9 km north-west fi-om the town of 
Aksu (Ermak), 1 km south-east fiom the Ermak power plant village, and 19 km away from city of 
the city of Pavlodar The number of personnel working at the station as of June, 1996 was 3099 
These personnel live in the town of Aksu or in the power plant village Population in Aksu is 50 
thousand people and that of the camp is 4 thousand The town of Aksu is located on the left bank 
of Irtysh nver and consists pnmmly of buildings of 5 or 7 stones In the v~llage there are both 
multi-story blocks of flats and cottages The village is located on the bank of a canal and old 
watercourse of the Irtysh whrch are used for discharge of condenser cooling water 

The flora is typified by poplar, aspen, and maple trees as well as small amounts of pine trees and 
w~llows and runt bushes on the banks of the nver The ground forms are slightly hlly steppe with 
a form factor of 1 There are no recreational zones and nature preserves in the zone of influence of 
the station A site plan of the area is presented as Append~x 4 

Immediately adjacent to the power station are located the following structures and features 



bnck factory, 
ferroalloys factory, 
metal construct~ons factory, 
reinforced concrete constructions factory flooded meadows and lands of the 

P o t m s k y  collective f m  

The large Irtysh nver flows 5 krn away from the power station There are no reservoirs nearby 
Climate peculianties of the region are presented as Appendix (Table 9) The average 

0 maxlmum outdoor a r  temperature In the hottest month (July) is 27 5 C and average temperature 
in the coldest month (January) ranges from 9 ' ~  to 1 7 ' ~  below zero 

2 2 Hlstory and Environmental Settmg 

Before May, 1996 Ermakovskaya power station was a part of the national electnc energy 
company 'Xazakstanenergo" The pnnc~pal technological processes, compos~tion of operating 
equipment, hel ,  sewage treatment equipment, bulldings and construct~ons had not been changed 
Coal storehouse and tanks for storage of mazut are located on mdustnal site of the stat~on Storage 
of ash IS o rgazed  on wet ash disposal far away from the station Place of storage of solid wastes 
and construction trash is also far away from the stat~on 
There are no demolished buildings, unused mazut storage tanks, or chem~cal storage tanks on the 
facility site 

Geolomcal and hvdrogeological conltions 
The power station IS located on plam on the first and parhally on the second inclined terraces of 
Irtysh nver, formed by sabulous clay and sandy sandw~ch-like upper-and-m~ddle quaternary 
sedments 
The base is built up by sandstone, arg~llites, bod~es with plenty of fernferous minerals sidente, 
glaucomte, pinte, which feature carbonates 
Format~ons of middle quaternary penod make up two complexes of sed~ments The more ancient 
one is represented by alluv~al and alluvial-laky, sand-gravel and sandy sediments Formations of 
upper quaternary penod are represented by rough sands w ~ t h  admixture of pebble or by 11ght-gray 
sands and green~sh-gray alevntes, seating In waterproof masses of Pavlodar and Aral suites The 
su~te of green clays, Aral, un~form and well kept, is widespread Clays are bedded, carbonatous, 
they seem to be formed up in large reservoirs They are of lower Miocene Pavlodar suite, 
consisting of red and gray clays with layers of gravel sands, contains typical and nch complex of 
hppanon fauna, studled in the neighborhood of Pavlodar It is pnmmly Neogenic flat alluv~al- 
laky plan w ~ t h  general inchnation to North-East 
The extreme preservation of the ground forms is stressed with large development of lakes, 
pnmanly inland lakes, with bitter-salty water Wide Tabylgasor hollow of effluent on the left 
bank of Irtysh nver reaches 10 - 20 km wide The principal water way of Kazakstan, Irtvsh nver, 
forms ~ t s  effluent, pnmmly, in the terntory of Kazakstan Alta, and while entenng the plam it has 
no tnbutanes Type of feeding of Irtysh is glacial and snowy The catchment area near city of 
Pavlodar IS 240,000 km2 The average effluent for a many years withm boundaries of Pavlodar 
oblast amounts to 0 049 km3 Water cond~tions of Irtysh are influenced by hydrographc and 
morpholog~cal pecul~ant~es of part of the watershed, whch IS upstream, namely, that the nver, on 
entenng the plan, has large watercourse, 8 to 15 Ism Besides that, on putt~ng into operation 
Bukhtarrninskaya hydroelectric station in 1980, effluent from upstream Irtysh IS completely 
regulated Morphologcal peculiant~es of the watercourse are conducive to flatten~ng wave of 
flood waters and losing a part of nver effluent For mstance, under natural cond~tions of the nver, 
losses of effluent on the sector from Sem~yarskoye to Pavlodar had been 1 3 km3 annually, and for 
the penod from 1960 until 1985 they ra~sed up to 3 16 km3 annually In the future the tendency of 



increase of losses will remam and pnrnanly due to decline in absolute moistunzation of the 
terntory because of anticipated raise of air temperature, followed by decrease of layer of rains and 
increase of layer of evaporation 
Canal Irtvsh-Karaganda goes through terntory of the oblast, providmg water supply from Irtysh 
nver to Central Kazakstan with simultaneous water supply to enterpnses on the left bank of 
Irtysh Intaking into the canal is c m e d  out from stream of Byelaya, above town of Aksu 
Consumption of water in the canal ranges 45 m3/s (dunng cold penod) to 95 m3/s (dunng 
vegetative penod) 
Potentlal supplies of underground waters amount to 6 24 km3 Water-beanng rocks of Paleogemc 
sediments on the left bank engage considerable areas and are charactenzed with s ~ p f i c a n t  vanety 
of mineralization and chemical composition Dry remnant ranges 0 2 to 107 g/l, and prevails at 1 - 
5 g/l, show~ng their poor quality 
Ash and cinder disposals of Ermakovsky industnal center are natural hollows, located on the first 
and the second terraces above watercourse of Irtysh nver, 1 - 3 km away fiom the watercourse, 
quality of the underground waters is aggravated by infiltration of waste waters with fluor and 
arsemc (CF up to 3 9 mgll, C,, up to 0 06 - 0 4 mgll) The area of contamination with fluor had 
amounted to 5 4 krn2, but in 1989 it reduced to 2 4 km2, which was caused by improvements in 
water protection activity 
For the past ten years place of storage of ash-cinder wastes changed the old ash disposal (#I) is 
completely filled up and is out of operation, and new one (#2), farther, operates To sectionalize 
the ash disposal, clay and sand are utilized from near-located quames, whch are a place of 
storage of household garbage and construction trash 
On side part of Kazakh bow area, on the left bank, underground waters are not hydraulic, actually 
unisolated from outer pollutions Water-beanng rocks (due to hydrogeologcal conditions of 
forrnatlon) are charactenzed with poor filtrational properties, they have prevalence of waters with 
hgh  mineralization Due to this, quality of the underground waters is poor, they have intensively 
been polluted in industnal and mmng reglons 

The Ermakovskaya fac~lity is a coal fired, condensing cycle, power station The Design output of 
the station is 2,400 MWt Power blocks were put into operation fiom 1968 until 1975 The basic 
facility consists of the following 

Eight (8), 300 Mwt power blocks with TGV generators 
open distributive units 1 10 kV, 220 kV, 500 kV 
one side dump car with capacity of 700 - 900 t/h 
two rotor dump cars with capacity of 1300 t/h each 
mazut division with 7 tanks, with total capacity of 46,000 m3 
a three-stage desalination water treatment of 450 t/h capacity 
a startup boiler plant with 5 DKVR 1011 3 boilers with a capacity of 50 GcaVhour 

General site plans for the station and main building are presented as Appendix 1 Each power 
block includes twin-body boilers PK-39-1 (11) with capacity of 950 tons of steam per hour, 
turbines K-300-240 HTGZ and ash collectors, flue gas pump and chmney as well Black coal of 
Ekibastuz deposit with ash content of 38%, heat of combustion of 3700 kcalkg and output of fly 
substances of 3 l%, as well as mazut of class M-100 with heat of combustion of 9600 kcallkg, ash 
content of 0 1% and sulfur content of up to 1 9% were approved to be the basic design fuels Data 
on quality of the used fuel are presented in Appendix 6 and a fuel balance in Appendix 7 In 1995 
electricity production amounted to 11,250,011 thousand kWt-hours At the same time heat is 
delivered to meet the needs of enterpnses in northern industnal center and village of Aksu Design 



heat output is 195 GcaVhour Steam from unregulated steam intakes of the turbines as well as 
from steam boilers DKVR-10113, installed at starting boiler-room is used to produce heat For 
1995 a production of heat was 266,468 Gcal Information on operation of the power blocks for 
uncompleted year 1996 are presented in Appendix 8 

2 4 Env~ronmental Management Structure 

On initiative of Mimstry of Power engineenng of the Republic of Kazakstan, by orders of director 
since 1987 a structural subdivis~on for environment protection had been created and now works 
(Appendix 9) It includes a number of officers from fundamental technological subdivisions 
carrylng out these activities alongside with the basic ones to fulfil product~on program 
General management is performed by Chef Engineer, who is responsible for the following 
prepanng and agreeing design standards of waste and emission hmits, getting permissions for the 
wastes and emisslons, prepanng and implementing measures for achievement of approved design 
standards, condition of sewage treatment equipment, efficiency of ~ t s  operation, carrying out its 
operation, its repair, re-construction and testing 
The duties of heads of the subdivisions, which are involved in the structure, are described in the 
abovementioned orders In all, the structure consists of 13 people Policy of the statlon 
management ln the field of environment protection is determined by contradict~ons in the republic 
standards and imperfection of the used technologies of treatment of wastes and emissions as well 
as extreme wear-and- tear of the sewage treatment equipment 
Besides that, the policy increasingly depends on financial condition of the station Shortly before 
now t h s  Issue was defined by insufficient financing from national budget 
The station management states that its purpose is an achievement of samtary design standards on 
wastes and emissions Republlc legislation allows to implement achevement of thls purpose by 
stages, agreed with oblast ecology supervising bodies 
The achevement of the stage limits was planned to be done with use of technical innovations, 
worked out by specialized scientific and design institutions jointly with manufacturers from 
Russia The possibilities of contacts with western firms (Siemens, Lurgi etc ) were also discussed 
-There -- are plans for implementation of momtonng for the emusions For the penod 1996 - 1998 
the followng measures are planned 

hardemng control for keeping regime maps, operation of testlng instruments and 
automabc w t s ,  

organizing an effective distnbution of load to bollers with lowered specific emissions, 

providing achievement of efficiency of ash collection in ESPs up to design levels (99%) by 
restoration of worn-out construction elements and by additional usageof specla1 impulse current 
feedmg for the filters, 

installing on all ash collectors stationary instruments for continuous control for dust content In 
flue gases, 

prowding reduction - ---- of NO, emissions at first up to 700 mg/nm3, then up to 600 mg/nm3, by 
installabon of special burners to all boilers and by implementation of-r blow 
Reduction of total emission of s u l h  dioxide is planned for the far future, by building by 2013 
desulfunzation plants, which wxal low to reduce emisslons up to 200 mg/nrn3, in all on a few 
energetic blocks 
A cycle of measures on studying the problem of heat contammation of Irtysh nver, where cooling 
water fiom condensers is discharged to, is done at the statlon, besides that, alternatives of its 
t echca l  implementation are arranged too 
The problem of dusting of ash disposal is also being solved 

3 0 CHARACTERISTICS OF THE FACILITY EMISSIONS 

R ~ i m c  and Rnp rnmnant 
Y 3ry 



- 
3 1 1 An- emission sources 

According to an inventory performed in Apnl - May 1993, at Pavlodar oblast Department for 
Ecology and Bioresources, there are the following registered air pollution sources at the station 

rn 16 boilers of energetic blocks #1 to #8 
rn 5 boilers at starting boder-room 
rn dry ash storage 
rn dump cars #3,4 
rn coal storehouse 
rn mazut storehouse 

ash disposals #1,2 
room of repa~r of beaters 

rn repm-construchon room 

For 1995 output of polluting substances in air amounted to 23 1 7 thousand tons The unaccounted 
ems&ns are made from 

sector of drv ash, where the dry ash IS taken to storehouse by pneumatic transportation 
Pollution of an- is caused by discharge of excess air from the tanks to atmosphere, 
rn room of woodworlung, where there are 7 woodworlung machme-tools Wooden wastes are 
taken to dust-collecting cyclone and then discharged to air, 

room of overlaving welding of beaters, where there are 4 semiautomat~c welders for 
overlaying weldmg of coal gnnders of hammer mills A system of localized aspirators for 
each semiautomatic welder allows to discharge all flue gases through fan to atmosphere, 
rn autogenous cutting; and electnc arc welding are mainly fulfilled inside man  building 
Emiss~on of harmful flue gases formed in these processes is made through aspiration cone 
Due to reconstruction activities on the energetic blocks it is planned in the fkture to increase 
consumption of welding electrodes and the number of autogenous cutting activ~ties, 
rn all coal, received by the station, is unloaded to dump-cars and then IS taken to coal 
storehouse The storehouse does not have selection Tor operzng, reserve and long-storage 
coal but is cons~dered to be completely operating because it plays role of an intermediate link 
This IS caused by long interruptions in coal supply to the station The pnncipal problems of 
dusting are caused by the stack slopes' not being properly rammed, coal from the railroad 
cars is not crushed These conditions are conducive to combustion of coal in the stack On 
spots of loadmg coal from vehicles to transporter there are aspiration plants but they do not 
operate continuously The dust coal, formed under unloading, transporting coal inside the 
storehouse and its storage, IS discharged to air without being taken Into account, 
rn under operat~on of diesel locomotives and bulldozers on approach ways and in storehouse, 
formed flue gases are discharged to air, 
rn & and cinder collected in ESPs are taken to the ash disposals by wet transportation for 
storage 

While drying certain parts of the disposals produce dust 1 e weathenng of ash disposal surface 
takes place 
Description of polluting sources, both accounted and not, IS represented in Appendix 10 The 
pnncipal ones of them are 16 accounted sources, boilers of the station, which discharge prevalent 
pollutions of such substances as fly ash, sulfur, n~trogen, carbon oxides etc , to air through ash 

0 
collection equipment and then through three clurnneys 



The height of the chimneys is #1 - 180 m (blocks #1 and #2), #2 - 180 m (blocks #3 and #4), #3 - 
250 m (blocks #5 - 8), height of starting boiler-room chimney is 30 m Other information on the 
chimneys are represented in Appendix 1 1 
The station logs the emissions to air in annual reports 2TP-ar, which are required by the Republic 
legislation Quantity and composition of these emissions are regulated by design standards, 
agreed with Mimstry of Ecology and Bioresources, limts, which are prepared for the present 
region for a few years (see item 3 1 2) Data from reports for emissions for 1995 are represented 
in Appendix 12 
Description of the basic elements of the equipment 
Descnptions of all boilers, including such parameters as class of coal, fuel consumption, type of 
burner, time of putting a boiler into operation, worked time in hours until 1994, are represented in 
Appendix 13 
Operating conditions of the boilers, including steam output, excess of air in the flue gases, 
temperature of the flue gases, heat losses, content of inflammable substances in the flue gases, - 
being in a reserve, are represented in Appendix 14 
Another information on the boilers, including scheme of b m n g ,  pressure and temperature of 
steam, temperature of feeding water and exhausted gases, efficiency of a boiler, scheme of NOx 
emission reduction and data on blowing fans, are represented in Appendix 15 
Cross-section of a boiler is shown in Appendix 16 - - 

Sewage treatment eaui~ment 
The treatment of flue gases from ash and suppression of nitrogen oxides production at 
Ermakovskaya power station are fulfilled by heat-engineenng methods 
Agamst design value of ash content of 40%, coal, used by the station, has ash content of near 50% 
and high electnc resistance of the ash (up to 5 x lo1' Ohm x cm) Due to this there are 
considerable problems wth  ash collection 
Flue gases, emitted by the boilers of blocks #1 - 8, are treated in ash collection units On the 
boilers lA, 2A,2B there are t k f i e l d  ESPs with pre-included wet stage (scrubbers), on the 
boiler 1B there are scrubbers-spray- catchers and Ventus  without - ESPs, on blocks #3 - 8 there 
are - E S ~  of firm>UK" (Germ-any) 
In dry ash storehouse the hose filters SMC-101-A1 are installed to collect dust from discharged air 
after transporting of ash 
Descn~tions of ash collection units for treatment of flue gases, including such parameters as type 
of a unit, quantity of umts per a boiler, sewage treatment efficiency, input and output 
concentrations, consumption of gases per unit, temperature of the gases, are represented in a table 
of Appendix 17 
Descriptions of ESPs, additionally including dimensions, quantity of fields, height of electrodes, 
active cross-section of a filter, quantity of electrodes, temperature of gases, are represented in 
Appendix 18 
Electrical parameters of load of fields of a ESP's are represented in Appendix 20 
Structure of ESPS and their assembly drawings are represented on drawings in Appendix 19 

0 Descriptions of wet scrubbers, including consumption of gases, temperature of gases at 
~nputloutput, pressure, hydraulic resistance, percentage efficiency, dimensions of a scrubber, 
water consumption, way of ash pulp discharge as well as their efficiency jointly with three-field 
ESPs, are represented in ~ ~ ~ e n d i x  21 A schematic dramng of a scibber i d  its method of 
attachment to an ESP are represented in Appendix 22 

@ It should be specially noted that in these documents values of ash collection efficiency correspond 
to actual conhtion of the equipment 
They indicate that values of efficiency of ESPs, at best, amount to 97% In addition, concentration 
of passed ash achieves value up to 2 g/nm3 At the same time, design values for LUK ESPs are 
99 5%, and for combined units 97 3% It should also be noted that such a poor efficiency of the 
operating ESPs is caused by two principal reasons first, considerable mechanical wear-and-tear, 



and second, (not taken into account by the design), inappropnate electrophysical properties of the 
collected ash High content of silicon and aluminum oxides alongside with low content of sulfur 
in coal result in appearing in all ESPs phenomenon of so-called arc-back, which leads to decrease 
of ash collection efficiency In combined units with wet scrubbers the arc-back m ESPs is 
suppressed by temperature-moisture conditioning of the gases in the scrubbers However, the 
ESPs themselves operate under exceeded velocities of gas (up to 3 d s ) ,  and besides that, they 
corrode due to transfer of spray from scrubbers As a result, their operating efficiency is about 
92% 
Nitrogen oxides 
The content of t h s  polluting substance, without special sewage treatment, is determined by class 
of fuel and method of its burning in a boiler Design eqmpment (type of boiler and type of 
burners) gave a level of NO, amounting to 1000 - 1200 mg/nm3 24 burners on each block are 
disposed in two tiers, 12 burners on each body of a boiler Their disposition is shown on a 
drawng in Appendix 16 At present, according to plans for NO, emission reduction, new three- 
way burners were already installed on 5 boilers of the station, in such a way enabling to reduce 
concentration of NO, up to 700 mg/nm3 In addition, a tnal system of putting so-called ‘‘tertiary 
air" had already been installed on one of the boilers, but was not tested yet, where additional air is 
blown through special injectors on the mark above upper tier to burn down intentionally ennched 
mixture, which is put through 2 tiers of burners Ths  air is distnbuted out of total quantity of air 
to be burnt 1 e it is re-distnbution without change of total coefficient of excess Portion of the air 
is about 6 - 10% 
A drawing of the new three-way burner to reduce NO, emissions is represented in Appendix 23 
There is no desulfunzation at the station Concentration of sulfur dioxide in the flue gases reaches 
2 100 mg/nm3 
All the turbine and largely boiler equivment of Ermakovskaya power station will soon achieve 
ultimate mechanical wear-and-tear i e age limit will expire To increase reliability and economic 
properties of the equipment the Proaam for equivving with enhanced eauivment and 
reconstruction of Ermakovskaya power station up to 2018 is approved In addition, it is planned 
completely to replace the turbine equipment and ESPs with more up-to-date ones Duration of 
reconstruction of a block is 30 months 
Due to lack of matenal and personnel resources, the reconstruction of the station will be made by 
stages, as follows 

Operative design "Equipping energetic block #2 with enhanced technologies" had been 
ecologically expertised at Pavlodar oblast Department for Ecology and Bioresources and agreed 
by letter #7/463 of June, 7, 1993 

Block No 
2 

3 1 2 Emission Limits 

Years 
1994 - 1996 



In accordance with the acting Republic legislation for conditions of operat~on of Errnakovskaya 
power station, wh~le taking into account rules and standards for harmful substances emlsslons in 
air, outside institutions had arranged a design of emlssion limits In t h s  design there is a list of 
measures to comply with requirements for nature protection At present, this document is revised 
to be later submitted to oblast Department for Ecology and Bioresources to be agreed upon Due 
to this reason, Ermakovskaya power station does not have permission to discharge harmful 
emissions in 1996 The values of the design standards of emissions, calculated for 1995 - 1998 
are represented in Append~x 24 Because the design is not agreed upon and there was no 
permission for harmful emissions also for 1995, then the shown figures are approximate only 
The results of actual measurements are represented in Appendix 25 

Analysis of the subm~tted matenals shows that actual concentrations of NO, reach 800 mg/nm3, 
output per second 1402 gls Calculated,limits are 500 mglnm3 and 1068 gls, respectively The 
actual concentrations of fly ash in flue gases amount to 2100 mglnm3 and correspond to ash 
collection efficiency of 96 5 - 97 2%, output per second 4670 gls Calculated limits are 1400 
mg/m3 and 321 7 g/s, respectively 

As for s u l k  dioxide, the actual concentrations reach 1400 mg/nm3 , 1 e they exceed the 
calculated limit, 800 mg/nm3, and output per second of 3065 g/s - at calculated limit of 1595 gis 
(The results seem to be low and require to be made more precise on the next stage of the work) 
Therefore, the actual concentrations for all components in flue gases exceed the calculated limits, 
whch provide keeping requirements of nature protection leg~slation of Kazakstan Companson of 
the concentrations of ollutmg substances in flue gases with emission limits, determined by World P Bank (ash 50 mg/nm , NO, 730 mg/nm3, SO2 100 tons a day), ind~cates that they exceed these 
requirements for all parameters 

The actual and calculated annual emissions are represented in following Table 

Actual annual emissions, tons per year I 

Concentration of harmhl substances ~n flue gases and maximum output per second are 
represented on the bas~s of the instrument measurements Total (annual) emissions are represented 
on the basis of calculation, according to RD 34 02 305-90 Graphs of check measurements for 
NO, and SO2 are represented in Appendix 24 Sulphur and nitrogen oxides are measured by 
certified instruments of type "Evdiometer" Concentrat~ons of ash at input of ash collector are 
determined with calculation according to quality and quantity of fuel and operation cond~tions of a 
boiler The ash collection efficiency is determned by d~rect measurements with use of dust- 
sampling pipe w ~ t h  filters of cloth, once or twice a year The results of the measurements are 
represented in Appendix 26 

1995 

Measurement of the emissions is made both for single boilers, connected to certain chimney for 
which the design standard of emission is determined and for the whole power station Calculation 
of total emissions for a month is made with use of the followmg parameters 

Year 
1993 
1994 

263 14 

NO, 
31336 
26678 

Calculated annual emission llrnit, tons per year 
851 19 

SO2 
98953 
86691 

100271 

46968 2088 

Ash 
106065 
103184 

46938 



fuel consumption, according to data fi-om calculating group of the plamng-technical 
department 

ash content, sulfur content, heat of combustion of the fuel (on an average for a month), 
according to data from chemical laboratory or according to certificates, passports of the fuel, 

average monthly operation load of boilers and other parameters of then operation, 
according to accountability of type 3-tekh (energo) 
Calculation of maximum emissions for a month is made with use of the following 
parameters 

maximum daly consumption by the most pollufing substance by a group of bo~lers, 
connected to a chimney, 

the other parameters, as it is made under determination of total emissions, but averaged for 
the shortest penod, including a day, when there was maximum fuel consumption 
At the power station the log-books, according to determmed form, are kept 

The legislation of the Republic of Kazakstan provides the following types of payments for 
environment pollution 

planned, for permitted and agreed quantifies of emissions, 
overlimit, for exceeding the agreed quanfities, 
penalties, for extraordinary emissions due to not talung agreed measures for 

emissions reduction 

Besides that, in case of pollution without applicable permission, all the mass of the pollution is 
considered to be overlimit and payment for it is imposed proportionally An example of 
calculations of the planned payments for emissions, fulfilled by the station services for 1996, is 
represented in Appendix 27 As seen from ths, the stat~on Intended to pay for air emissions only 
137,044,434 tenges (about US$ 2 million), and for heat contamination of Irtysh nver 21,319,480 
tenges (about US$ 320 thousand) In preceding years the figures were almost similar It should 
also be noted that at present the station does not have the permissions agreed upon emission, and 
as a result, it is claimed for payment for overlimit emissions For instance, for the first half-year of 
1995 this sum amounted to 76,435,227 tenges (about US$ 1 2 million), see Appendix 
Management of Ermakovskaya power station, aware of these problems, related to violation of the 
requirements of nature protection legislation, has arranged a plan of measures to reduce air 
emissions 

Reduction of ash emissions initially may be achieved by bnnging ash collection equipment 
efficiency to the design values on all energebc blocks by 1998 
The second stage is a reconstruction to bnng the efficiency up to 99% At present, due to 
reconstruction of the burners there is possibility to reduce NO, emission up to 700 mg/nm3 Due 
to optimization of conditions of combustion and implementation of the tertiary blow ~t is planned 
to reduce NO, emission up to 600 mg/nm3 Detailed plan of the measures 1s presented in 
Appendix 27 
Emissions monitoring 

At present at the station periodical control fulfilled for emissions from each of the boilers on the 
following components in flue gases oxygen, fly ash, sulfur dioxide, nitrogen and carbon oxides 
Besides that, there is a control for the supplied coal and mazut for heat of combustion, ash content 
and sulfur content 
Available instruments and industrial methodics of measurement allow to make determination of 
the abovementioned gaseous components with periodicity from a month to twice a year 
Besides that, at the station there is a control for keeping samtary standards for air pollution on 
worlung place and on the terntory of site of the station Ths  control IS performed by laboratory of 
chemical room with use of chemical methods of measurement 



Such an orgamzation, in pnnc~ple, does not contradict to the requirements of the republic 
standards However, it does not correspond to the requirements of ~nternational institutions on 
continuous measurements with automatic registration of the results 
It should also be noted that at the station there is an understanding of necessity to provide the 
cont~nuous control for levels of emissions In the near future stationary automatic instruments for 
measmng of oxygen, sulfur and mtrogen ox~des contents should be installed to do this, in 
particular, w t h  help of company Burns & Roe The next year ~t is expected to equip all blocks 
with optical dust-meters, registenng transparency of gases 

3 2 Water supply and waste waters 

3 2 1 Sources of Water supply 

Principal source of water supply of all types for Ermakovskaya power station is Irtysh nver 
On site plan (Appendix 5) the dispositions of water intake constructions, supply and discharge 
canals, main buildings and constructions of the station, ash disposal and other objects are shown 
Water from the nver is taken by non-dam water intake and through two supply canals is put to the 
main b m l b g  Length of the canals to the close-to-station center is #1 - 4035 m, #2 - 4212 m 
The canals are ground, not remforced, are combined within the close-to-station center Water 
from the canals is taken to the turbine condensers by two block pump plants through steel 
hydraulic pipelines with diameter of 1800 rnm At each pump plant there are 8 pumps OP-5-110 
with double-speed electnc motors The warm water fkom the turbine condensers is discharged 
through steel pipes with diameter of 1800 rnrn into closed canals made of reinforced concrete, 
having cross-section of 4 2 by 3 0 m, and through siphon unit is discharged through open ground 
canal in stream of Stary Irtysh, from where it is drained in Irtysh nver 
Water from circulation pipelines of blocks ST #1, 2 is also taken for water chemical treatment, 
where it is processed by the scheme of three-stage desalmation Special instruments count 
consumption of the water 
Consumption of t echca l  water is determined by summing up values of consumption of water, 
discharged to the canal, and determined by instruments, and consumption of water for the water 
chemical treatment 
For dnnlung water supply the water is taken by watercourse intake unit out of the first supply 
canal upgrade and is brought to the block of pump plant of the first upgrade, and then is put to a 
block of water chem~cal treatment station where it is punfied by the following scheme 
coagulation, filtrat~on, disinfection with liquefied chlome Punfied and made harmless water is 
put to pipework for needs of users of all industrial center, with its enterpnses (except for 
ferroalloys factory) and for housing complex An account for dnnlung water is made by two 
ultrasonic water meters 
Balance scheme of water consumption and pipework, according to actual data for 1995, are 
represented in Appendix 28 

3 2 2 Waste waters 

Under operation of equipment at Ermakovskaya power station there are the following kinds of 
waste waters 

0 cooling waters of turbine condensers, regeneration and washing waters from 
boil-water conditionmg w t s ,  

water, polluted with oil products, 
discharge water after chemical cleamng of equipment, 

0 water after wet cleaning of fuel supply accommodations 



Besides that, at the station there are wastes of storm water and sanitary water (with village of 
Aksu) At the station there is the sole drainage of waste waters in surface reservoir The cooling 
water from turbine condensers 1s drained in stream of Stary Irtysh and then in Irtysh nver 
(Appendix 5) 
The sanitary and industrial waste waters are put to sewage treatment equipment of the nearby 
Ermakovsky ferroalloys factory All the other waste waters, formed in technological processes, 
includmg waste water from boil-water conditiomng umts, whch are neutralized by mixing of acid 
and alkaline waters and lime milk, are put into circulat~on system of wet transport of ash 
Waste waters, formed in conditioning of dnnlung water at a block of filtration station, and 
containing suspended particles, are drained in a reservoir next door to the station Presence of the 
reservoir was not provided by the design of the station therefore Ermakovskaya power station 
rece~ved a prescnpt from Department for Ecology and Bioresources to stop draimng water in the 
reservoir 
Ermakovskaya power station takes measures to build a pipeline, which will be used to transport 
waste waters afier a block of filtration station to system of wet transport of ash (see Plan of 
measures for environment protection for 1996) 

3 2 3 Effluent Treatment 

( 7777777 ) 

'Normative-legal requirements on protection of waters and conditions of usage of water at 
Ermakovskaya power stahon 

In accordance w ~ t h  the acting legislation, Law of Natural Environment Protection in the Republic 
of Kazakstan, adopted in 1991, each user of natural resources is obliged to have a permission for 
special usage of natural resources, and quality of drainage (emission) must correspond to 

/ determined standards - In 1994 the enterpnse had a permission for special usage of water as well as a permission for 
\ ' 

tJ drainage (Appendices 29,30) 
For 1996 at Ermakovskaya power station there are no approved design standards of drainage, no 

t permission for special usage of water and for drainage of the standardly clear waters 
I 

The enterpnse, in accordance with Law of Natural Environment Protection in the Republ~c of 
Kazakstan, provides analytical control for quality of waste, surface, ground and underground 
waters in the zone of mfluence of Ermakovskaya power station 

I. On the site plan (Appendix 5) there is a scheme of disposition of sampling spots for complex 
analysis 
The co -and cooling waters of Ermakovskaya power stat~on as well as 
ground and underground waters, is performed in<ccordance with a schedule of laboratory control, 
agreed with Pavlodar oblast Department for Ecology and Bioresources and approved by Ch~ef 
engineer of the station (Appendix 3 1) 

ples of drainage, waste and nver waters are picked up once a month, of smtary waters twice % - 
a mon an o e o u n d  and underground waters once a quarter o m  
Penodic observations for discharge plants, located on Irtysh nver, are also performed by Pavlodar 
Department for hydrometeorology in accordance wth  the Republic program of observations 
The used methods of analysis of water are as follows v~sual, gravimetnc, volumetric and 
photometnc analyses, and all of them are recommended for usage by Mimstry of Ecology and 
Bioresources 
Waste waters, put in stream of Stary Irtysh, are standard-clear They are obtained from the cooling 
system of turbines and do not bnng any additional impunties in the reservoir, except for the heat 
contamination (Appendix 32) 



In Appendix 33 there are data on the water temperature in supply and waste canals (old stream of 
Irtysh) for 1991 - 1993 
Analysis of the table indicates that in the hottest month (July) temperature in the stream reached 
up to 32 5 - 34 2 ' ~  This does not meet the standards, provided by Rules of Surface waters 
protection In accordance with these, summer water temperature as a result of discharge of waste 
waters must not be increased more than 3 ' ~  comparatively with average monthly water 
temperature of the hottest month of a year for the past 10 years (for reservoirs of dnnking and 
household usage) 
For reservoirs of fishery usage water temperature must not be increased (comparatively with 
natural temperature of the reservoir) more than 5 ' ~  with total growth of temperature no more than 
up to 2 0 ' ~  in the summertime and up to 5 ' ~  in winter for reservoirs where there are fishes of cold 
water (pink, etc ) and no more than up to 2 8 ' ~  in the summertime and up to S'C in winter in the 
other cases 
The quality of discharged water as for temperature factor does not meet the requirements of World 
Bank either For instance, according to provisions of the latter, it is required that temperature after 
the mixing zone was at least 5 ' ~  higher than temperature of obtained water and at least 3 ' ~  hgher 
if temperature of obtained water is lugher than 2 8 ' ~  
Because the heat emissions from Errnakovskaya power station exceed the design standards, 
specialized scientific and design inshtutions were engaged from 1976 until 1992 in studying the * influence of heat contamination in the stream of Stary Irtysh according to the order of the station 
Alongside with this, alternative designs of decrease -- of temperature of waste waters were also -- --- - -- 

/ arranged 
~%akh research institute of power engineenng and Institute of Zoology of National Academy of 
Sciences of the Republic of Kazakstan have conducted complex studies on condition of the 
ichtyfauna and its environment, withm the zone of immediate influence as well as outside of it 
according to route of transport of the heat contamination (see scheme in Appendix 36) 
It was found that the increase of water temperature in the mixing zone gives negative effect to 
general toxicological conditions due to an increase of toxic properties of metals, 
polychlorbiphenyls, chlorous organic substances In discharge plants, located above city of 

I )  
Pavlodar, the quantity of microorganisms is the largest, in the mixing zone there is considerable 
organisms' dyng out due to the temperature shock (thermal wedge) Quantity of the microflora 
sharply drops, lowenng self-clemg capability of the water and aggravates sarutary parameters of 
its quality A presence of lugh values of poly-index is noticed at almost all observation stations 
Specialists of Krasnoyarsk research institute, having studied all previously conducted studies and 
on malung additional observations, came to d o n  that the most successful alternative of all 

I )  of the studied ones, is a watel discharging construction, located on the spot of merging of waste -- 
canal with the styr am It w o u l d a l l ~ O ~ G e ~ a t u r e  of water, drillned by the station, ~OC, 
and as a result, the zone of "heat contamination"-in the vicimty of city of ~avlodar would be 
within acceptable boundanes due to intensive mixing (Appendices ) 
One of the alternatives of malung the requirements loose towards the heat contamination was 

a discussed in 1988 at local executive authonty bodies together with nature protection bodies of 
Pavlodar oblast 
Because the stream of Stary Irtysh, 26 km long, does not have its own effluent and is formed 
solelv by discharge of standard-clear waters fi-om EEnakovskaya power station, then fish -- 
protection bodies hav greed upon that the stream is not of fishery importance but is a tran~it 
watercourse Under such an approach, keeping the hard restrictions on fishery usage of water 
w%uld apply to the check discharge plants of Irtysh nver itself 
~ e c a u s e  the stream of Stary 1rty;hwas later classified as of category of fishery usage of water, 
whch is connected -- to fishery reservoir of I category, namely Irtysh nver, €hen there appeared a 

-- -- - 
necessity to put restrictions for the heat contamination 



Ermakovskaya power station has prepared a design of standards for the present discharge 
(Appendix 37) However, this design, despite be~ng temporanly agreed with san~tary supervising 
bodies (Appendix 38), nevertheless requires to be considerably rev~sed towards the restnctions for 
the heat contamination and the preparation of plan of measures, and only after this it may be 
represented for final agreeing 

3 3 Mater~als Handlmg and Storage 

The requirements, regulatmg an order of disposition, putting to storehouse and storage of 
chemicals, oil products and other matenals, are represented in the applicable construction 
standards and rules (CSR), agreed with the applicable National Standards and the Republic 
normative documents 
In accordance w t h  these documents, there are the concrete official instructions and order of work 
for personnel of applicable subdivisions, according to whch, individuals responsible for safe 
storage, keeping the rules and design standards of expenditure must take special theoretical 
trai~mg, practical training and get appropnate permission to prevent accidents, emergency and to 
reduce likelihood of professional diseases Taking into account conditions of ecological safety, 
the station orgmzed an account for the following matenals 

fuel of all lunds (mazut, coal, liquefied gas), 
0 dangerous matenals and waste, 
0 chemicals, toxic and harmful substances 

Coal storehouse 
The coal storehouse, w th  area of 26,000 sq m, is located on terntory of industnal site of the 
station, parallel to railroad branch, and has the design height of stack up to 18 m, length of 260 m 
and width of 100 m, providing by that a capacity of 680 thousand tons, including 220 thousand 
tons for national reserve 
The storehouse is intended to keep for a short time Elubastuz coal of I and I1 groups of ash 
content 
Delivery of coal is fulfilled in railroad cars Unloading is performed on terntory of the storehouse, 
whch is specially equipped wth  two rotor dump-cars with a capacity of 1300 tonshour and with 
one side dump-car with a capacity of up to 900 tonshour Coal supply is fulfilled by transporters, 
bulldozers and wheel scrapers 
The area, intended for reception of commercial coal, has ground protecting waterproof covenng 
and is equipped with a system of storm water sewerage On spots of transfer of coal to transporters 
there are two aspiration units Along penmeter of the storehouse there are fire-extinguishing 
engineering commurucations, equipped with signaling facil~ty Delivery of coal is made unevenly, 
the received coal is of different quality and class Dmng unloading of coal from railroad cars, it is 
not crushed and slopes of the stack are not rammed This gives nse to a problem of dusting and is 
conducive to b m n g  of coal inside the stack 
To resolve these problems at the station there is a complex of measures, which is already partially 
performed to acheve the necessary ecological and smtary design standards (Appendix 2 

Mamt storehouse 
At the station there are two specially equipped places to keep mazut for burners On one of them, 
located on terntory of the station, there are three tanks for mazut with a capac~ty of 2,000 m3 
each 
On the other, located outside terntory of the station, there are four tanks with hard roof for mazut 
with a capacity of 10,000 m3 each The tanks are heat-insulated 



The mazut storehouse is equipped with mandatory complex of means for signaling and fire- 
extinguishing, testing instruments 
The design capacity of the mazut storehouse is 70,000 m3 annually 
Mazut is transported to the station in railroad cistern-cars with a capacity of 60 m3, the pumping- 
out is made next door to the railroad track on pump ground, wh~ch has covenng of concrete with a 
system of water draining plpes and oil-trapping wells to collect, to use and to keep waste waters 
The mamt tanks are disposed 1 2 m above ground surface The storage cond~tions are intended to 
overcome a range of outdoor temperatures from - 3 0 ' ~  to +70°c 
All tanks are equipped w t h  pumps with a capacity of 130 m3/hour each, which provide filling-up 
of all four tanks with a capacity of 10,000 m3 each, for 75 hours and the three tanks with a 
capacity of 2000 tons for 15 hours 
The filling is made from beneath 
All tanks are equipped with vents of 450 rnrn diameter 
A heat insulation of the tanks is made of slag cotton 100 rnrn th~ck w ~ t h  outslde metal casing 
The overall portion of mazut, used while starting combustion m the boilers, amounts to about 5% 
of total quantity of burnt fuel 
In Appendix 6 there are some information on mazut consumption and its charactenstics 

Chemcals storehouses 
At Ermakovskaya power station there are four depository tanks with a capacity of 65 m3 for the 
sulfimc acid (H2S04) and four depos~tory tanks of the same capacity for the caustic (NaOH) They 
are disposed on sleepers 
There are no embanlung and fields of reinforced concrete, whch are mandatory according to 
safety engmeenng Though there were no reported leakages of chemicals, nevertheless, the 
absence of the abovementioned means for limitation of spreading-about of the liquids from the 
depository tanks is a violation of standards of industnal designation 
Aluminum sulphate is stored in two cells of wet storage These tanks are made of reinforced 
concrete and have capacities of 60 m3 and 40 rn3 
An annual consumption of the agents 
H2S04 1300 tons 
NaOH 1000 tons 
A12(S04), 560 tons 

In construction of the depos~tory tanks there are 

provid~ng isolation from possible leakage to environment, 
usage of special matenals both for the tanks themselves and for piclung emergency 

leakage as well as for its transportation, 
usage of special u t s  for fill~ng, discharge and measunng of the chemicals, 
usage of units for piclung and neutralizat~on of leaked or spnnkled chemicals, 
continuous or penodic control for t echca l  processes and for contaminat~ons inside 

accommodations 

Ash-cmder waste storehouse 
The mam lunds of wastes at Ermakovskaya power station are ash and cinder 
As of 01 01 1996 there were near 73 million tons of ash and cinder on ash disposals of the station, 
from whch 3 3 million tons were collected for 1995 
An insignificant portion of the ash (about 18 thousand tons) was gwen to users to be used in 
construction To give the dry ash to users there is a system of pneumat~c transportation and a 
depository for loading to railroad cars on one of the blocks 



At present, ash disposal #2, which consists of two sections, is in operation Total capacity of the 
ash disposal is 29 million tons Removing of ash-cmder wastes to ash d~sposal is made by wet 
transportation of ash A scheme of outside wet transportat~on of ash and operating conditions of 
the system are represented in Appendix 39 
Section #1, filled with the wastes, is a source of air pollution because the station did not take 
measures against dustmg on the ash disposal, violating nature protection requirements 
The ash disposal is also a source of pollution to underground waters because in samples of water 
from a network of wells for underground water sampling in the vicinity of the ash disposal there is 
h g h  (over 1 5 mg/l) content of fluonde-ions, whch are found in samples of underground waters 
near watercourse of Irtysh nver as well 
A plan of disposition of the wells for underground water sampling withm ash disposal area is 
represented in Appendix 3 and data on chemical composition of water from the wells in Appendix 
40 Besides ash-cinder wastes, at the station there are other lunds of wastes construction trash, 
household garbage as well as out-of-order electroluminescent lamps, contamng mercury, wh~ch 
are collected to be re-processed An account on formation and removing of wastes is represented 
in Appendix 42 

3 4 011-Fdled Electrical and Hydraulic Equipment 

3 5  Asbestos 

Asbestos is used at the station as a heat-insulating matenal According to plamng-technical 
department, a consumption of asbestos for repairs is on an average about 2,000 tons a year 
Dunng the repairs about 800 tons of used insulation are removed to a dump 
There is no special instruction at the station on treatment of asbestos-containing matenals There 
are no plans and measures for change of asbestos for other less harmful matenals either 

3 7 Contammated Sod and Groundwater 

As noticed before, at the station there are very large total emission of ash from chmneys and 
intensive dusting from ash disposal #2 Although values of emission of ash from chimneys and 
areal of its spreading are known, nonetheless, the quant~ty parameters of the ash emlssion from the 
ash disposal was not estimated yet In this case a considerable contammation of soil and ground 
waters may be expected far away from the station (for mstance, for Ek~bastuz Power station up to 
80 km) However, there are no rel~able data at the station on this matter 
Now it can only by stated that Ermakovskaya power station has ordered a study on estimation of 
its influence upon environment, which is now fulfilled by special~zed mstitution "KazEcoEskp" 

4 0 SUMMARY OF ENVIRONMENTAL COMPLIANCE 

The activlty of the Ermakovskaya power station in the field of atmosphere air protection is 
regulated by the Law of Environment Protectlon of Kazakh SSR of 1991, by the Law of the 
Kazakh SSR "Concemng Protect~on of Air", by the National Standard 17 2 302-78 "Protect~on of 
Nature Atmosphere Rules of determination of acceptable emisslon of harmful substances by 
industnal enterpnses" and other nonnative instruments and applicable branch industnal rules and 
standards 



Due to mentioned before drawbacks in the ash collection systems the ash concentration at outlet 
of flue-gas pumps substantially exceeds the republic calculated standard of 1,475 mg/nm3 vs 
2,100 mg/nm3 
NO, concentration in flue gases is also higher than calculated des~gn standard, approved for 1995 
It should be no more than 500 mg/nm3, but actual value is near 800 mg/nm3 
The sulfur dioxide concentration accord~ng to local calculated limits is restricted by 800 mg/nm3, 
but the actual value reaches 1400 mg/nm3 (and more) or about 230 tons daily 
There are no instruments to register air ernisslons automatically at Ermakovskaya power station 
There were no sanctions for exceeding design standards of emissions fiom supervising organs 
because Ermakovskaya power station does not have permission, agreed with them, for emissions 

for 1996 Formerly in the same cases clams took place and the power station had paid penalties in 
amount of US$ 1 million 
The compmson of data on concentration of polluting substances in flue gases of boilers with 
emission limits, determined by World Bank (ash 50 mg/nm3, NO, 730 mg/nm3, SO, 100 tons 
daly), also indicates considerable exceeding the standards 
Errnakovskaya power stahon has a plan to make air emissions meet the design standards 
To reduce ash emissions it is planned to re-construct ash collectors wet stages with ESPs on 
blocks #1 and #2 and ESPs on blocks #3 - 8 
The ~lltrogen oxides emissions are intended to be lowered to standard by changing burners and 
implementation of stage combustion of he1 on all blocks 
There are no plans on reducing sulfur dioxide emissions until 201 8 

4 2 Water Supply and Llqu~d Effluents 

Ermakovskaya power station is a large user of water on Irtysh nver In 1995 1,693 million rn3 of 
fresh water were taken to industnal needs and 4,100 million m3 to samtary ones 
1,689 million m3 of water were used as a coolant for the turbine condensers 
The cooling water from the turbine condensers is discharged through special canal and old 
watercourse of Irtysh nver to present Irtysh nver near public beach of city of Pavlodar and is the 
only outlet of waste water in the nver The other waste waters, formed in vanous technological 
processes at Ermakovskaya power stat~on are directed in ash collection system and after treatment 
are returned to the station as feeding water for the same technological system 
Sanitary waste water is transferred to station of biological treatment and to Ermakovsky 
ferroalloys factory 
The usage of water at Ermakovskaya power station is done with a number of violations of Law of 
~nvironrnent Protection, Rules of Protection of surface waters and other documents The - _  _ 
enterpnse does not have the permission for special usage of water (by official reason - there were 
no tests of fish-protectmg constructions on pump plant) There are no design standards of 
emissions for polluting substances in basin with cooling water for turbine condensers 
But the most substantial facts are the heat contamination of Irtysh nver by drainage of cooling -- 
water in old watercourse of Irtysh nver as well-as a presence o f h h e r  content of polluting 
substances (fluondes) in underground waters as a result of penetration ofwater through bottom of -- 
the ash disposal 
In the p2blem of heat contaainaticm thgkey difficulty is the statute of the watercourse of Stary 
Irtysh where standard-clear water is discharged Documents for different years, agreed with oblast 
authority as well as conclusions of fish protection bodies confuse whether it is a water flow of 
mdustnal or samtary use 
In addition, on results of studies and information fiom supervising bodies the temperature of the 
coolmg water in waste canal reaches 32 - 3 4 ' ~  and on hot summer days, water golng to Irtysh 
nver, is not cooled at all 



The republic limits an increase of temperature within 500 m mixing zone must be not higher than 
5 ' ~  comparatively with n e a l  temperature, total wanng-up must be not higher than up to 2 8 ' ~  - - - - 
in the sumrnemme -- - - r 
The international limits warming-up must not exceed 5 ' ~  or 3 ' ~  ifeetetffeh water is>28'~ 
Thus if supposing Stary Irtysh as fishery reservoir, in the summertime there is an exceeding both 
standards 4 - 6 ' ~  and 1 - 3 ' ~  respectively The same is observed on hot summer days in 500 m 
mixing zone in Irtysh nver itself, when the background temperature in Irtysh reaches 2 6 ' ~  In 
case of a cool summer the exceeding takes place in Stary Irtysh and does not in 500 m zone in 
Irty sh 
In winter the limits are vlolated too the republic ones - total wanng-up must be no more than --- - 
8 ' ~ ,  the international ones - no more than 5 ' ~  The station warms onginal water to 8-1 O'C over 
background temperature of 2 - 4 ' ~  
Due to the heat contamination, bodies of Mimstry of Ecology and Bioresources have often 
presented claims At present the station is presented penalties for the heat contamination of water 
Fluonde content in certain samples of the underground waters, taken from a network of - 
observation wells in the area of ash disposal and in near watercourse of Irtysh nver, is 1 5 to twice 
as much as standards, determined for basins of samtary and dnnlung usage 
By now Ermakovskaya power station is not presented any sanctions from the ecological bodies 
for the mentioned v~olahons 
A prescnpt from Department for Ecology concerned with cease of waste water drairnng from 
filtration station block into the basin, whch is a hollow of ground forms near the station itself, is -- 
performed In 1996 it is planned to complete construction of pipeline from the filtration station 
block to the closed-circuit system of wet transport of ash 

4 3 Materials Handlmg and Storage 

The organization of receipt and storage of coal and mazut does not seem to be dangerous In 
respect of environment pollution except for penodic dustmg of coal storehouse, not noticed by 
ecological inshtutions Nonetheless, at the stabon the measures are taken to stop dusting in coal 
storehouse 
Dangerous and harmless waste 
At present, the problem of dusting fi-om dned places of wet ash disposal begins developing These 
places, as a rule, are far away from beaches Due to big distances and size of the ash disposal ~t is 
impossible to construct a system of its irrigation 
Emergency plans 
"Measures on decrease of polluting substances emissions in ax  in penod of poor weather" are 
enclosed (Appendix #43) 

5 0 CONCLUSION 

Air wrotection 
At Ermakovskaya power station there are problems concerned with violation of env~ronment 
protection legislation of the Republic of Kazakstan and requirements of World Bank, shown in the 
exceeding of determined llmits for emissions 

On ash emission 
in ESPs of type LUK there is no designed protection against arc-back, therefore they are 

pnnc~pally not capable of providing efficiency hgher than - 97 5% on ash of Ekibastuz coal, m 
addtion, they are mecharmally completely worn-out, 

in the combined ash collectors on blocks #1 and #2 the arc-back is suppressed, however, type 
size of ESPs was chosen wrongly and as a result, they operate under velocities of gas near three 



times as many as design standard ones The wtstage does not provide effective reduction of ash 
load for ESPs, is unreliable, and operates with poor spray-catching efficiency, resulting in fast 
corrosion of ESPs, therefore the~r operational efficiency amounts to about 92%, 
0 on the operating ash disposal there are no moistunzation of the ash beaches and their 
reinforcement with clay, resulting in considerable dusting from the ash disposal, the local 
authonty did not present claims towards this, 

at the station there is no-continuous registration of flue gases transparency 
On NO, and SO2 emissions 

the actual level -- of SOz amounts to about 1400 mg/nm3 (1 e about 230 tons a day), exceeding 
requirements of the republic and international limits Desulfimzation equipment is absent but it is 
expected to install it on a few blocks by 2018, 

the actual level -- of NO, amounts to about 700 mg/nm3 - 1200 mg/nm3 for different blocks 
Achevement of the design standards is made by implementation of heat-engineenng measures on 
all boilers 

Water resources tlrotection 
At Ermakovskaya power station there are problems related to necessity to keep the reqmrements 
of Law of Environment protection, Rules of protection of surface waters from pollution and other 
normative acts 
it is necessary to make routine of getting the permission for special usage of water (permission for 
intakmg fi-om a water source) and discharge of cooling water in Irtysh nver meet the requirements 
of legislation 
The control for quality and quantity of fresh water taken from a water source and water, 
discharged to it, is fulfilled in accordance with the applicable rules 
However, hl~testmg, which allows to reflect whole estimation of quality of discharged cooling 
waters, is not performed, despite the present problem of thelr temperature contamination 
Besides that, there is potential possibility of pollution of water in Irtysh nver by ground waters 
and filtration waters fiom ash disposal 
To reflect certain conditions of the pollutions, observations are made by a network of control 
wells in area of the ash disposal and near watercourse of Irtysh nver 
Specialized institution KazEcoEksp performs a complex estimation of the influence of 
Ermakovskaya power station's ash disposal upon envlronment 
All waste waters obtained under vanous technological processes regenerated and washing waters 
from water chemical treatment, waters with mazut and oils fi-om cooling of equipment and heating 
of mazut, storm waters etc , are collected in a system of wet transport of ash 
Negative effects of the ash disposal upon chemical composition of water in Irtysh nver were not 
noticed yet However, as mentioned above, there is a necessity to keep an eye for this process 
Sangag waste waters of the station and town of Aksu are transferred to sewage treatment plants - 
of Ermakovsky ferroalloys factory, accordmg to a plan, adopted on contract basis 

Solid waste 
Treatment of solid waste at Ermakovskaya power station is regulated by Law of environment 
protection and a number of rules 
The permissions for storage of ash-cinder waste for 1996 had not been gotten by the beginmng of 
the present audit The storage is made on ash disposal, ash-cinder wastes are brought there by wet 
transport of ash with use of bugger pumps through pulp lines 
As for envlronment protection, under storage of the waste there is aproblem of dustmg from 
surface of the ash disposal because measures on suppression of the dusting are not taken 
The abovementioned fact is a violation of requirements of nature protection though oblast ecology 
supervising bodies did not present claims for it 



An activity of the station on picking of out-of-order electrolum~nescent lamps for their 
demercunzation meets the requ~rements 

Comvanv's policy in air protection 
Management of the station planned and takes steps to provide automatic observation for SO,, 
NO,, COX and fly ash emissions As for flue gases the plans provide installation of foreign 
measunng ~nstruments and for f l ~  ash domestic measunng lnstrurnents 
  here &e plans, whch are now implemented, to re-construct the ash collection equipment For 
instance, on two first blocks #2 and #3 it is planned to mount new domestic ESPs and for blocks 
#4 - 8 the designs are not completely prepared yet and a supplier of the new filters is st111 not 
defined 
As for decrease of NO, emissions, the plans provide implementation of measures of heat- 
engineenng, worked out by domestic research institutions jointly with Russian factory, 
manufactmng burners (Podolsky factory) 
A decrease of SO, emissions IS planned in the far future only, year of 2018 (by equipping some 

- -  
blocks with desulfunzation u t s )  There are no virtual activities in t h s  direction Supplier is not 
defined 

Com~anv's uolicv in water resources protection 
Ermakovskaya power stat~on takes steps to stop violating the env~ronment protection legislation 
To get the permissions for special usage of water, consultations are made with Pavlodar oblast 
Department for Ecology and Bioresources and with other interested orgamzations in respect of 
getting the acts of check tests of fish-protecting constructions, agreeing of design of standards of 
emissions 
Towards protection against heat contamination of water in water source due to dramage of cool~ng 
water of turbme condensers, by order of ~rmakovska~a power station competent organizations 
Krasnoyarsk divlsion of research institute of power engineenng worked out techmcal steps 
reducmg degree of heat contamination of Irtysh nver up to limits (28'~) - 
The efforts of management of Ermakovskaya power station are directed to search -- 3e for ---.--- financing to 
fulfil the respective activities 
The observations for quality of water ~n Irtysh nver do not show its noticeable pollution due to 
drainage of underground waters from the ash disposal To get objective information on influence 
of ash disposal upon pollution in the water source, Ermakovskaya power station continues 
\ coni€rolhng chemical composition of underground waters in the terntory of the ash disposal and 
watercourse of Irtysh nver 
There is a &an on protection and rational use of natural resources for 1996 at the enterpnse, 
Zrr 

agreed-wih ~ a d o d a r  oblast Department for Ecology and Bioresources and approved by Chief 
Engmeer of the station (Appendix 44) 

6 0 RECOMMENDATIONS FOR MITIGATION & REMEDIATION OF EMISSIONS 

To keep the reqmrements ofJor1d Bank.o~~~lQ_omtogng, obtairung the continuous and reliable 
information on an- emissions and comparing them with limits, it is necessary to implement at the 
station the instruments for permanent registration of concentration of the following matters in flue 
gases carbon, sulfur and nitrogen oxides as well as ash, which can be reg~stered by measunng 
transparency of the flue gases 
The expenditures for equipping a block wdl amount to about US$ 1_QO th~usand 
To make emissions of Ermakovskaya power station meet the requirements of both the republic 
and the intemabonal limits it is proposed to realize the following measures on operating boilers 



nitrogen oxides, implementation of the stage combustion with installation of new burners with 
lowered nitrogen oxides production and-implementation of tertiary blow to achieve NO, 
concentration of 550 mg/nm3, 
The cost of the burners is near US$240 thousand per a block, 
&, to acheve the requirements of the republlc legislation 

on blocks #I _ _ _  and -- #2 the design provides a change of the operating combined ash collectors 
(scrubber + ESP) for -- five-field ESPs with impuxe current feeding and with cooling of flue gases 
up to 1 0 0 ' ~  by boiler means (emissions - 100 mg/nm3), 
on blocks ---_a #3 - 5 according to the design of the enterpnse, a change of ESPs for new ones, of five- 
field with impulse current feeding (emissions - 400 mg!nm3), the cost is near US$ 5 million per a 
block, 
on blocks # 5 - 8, according to the design of the enterpnse, a capital repair of ESPs while 
changing e s y s t e m s  and installing special impulse feeding attachments (emissions - 400 
mg/nm3), the cost per a block is near US$ 1 million to change electrodes and near US$ 0 3 million 
to add the attachments 
To reach limits of World Bank the following steps are proposed 

on hard particles (50 mg/nm3), it is necessary to re-constmct - ESPs through one of the ways 
with usage of advanced foreign technologes, 

setting ESPs fiee from the electrode systems, followed by installation of hose filters Inside 
them 
The cost will amount to US$35 per one kWt 1 e about US$ 10 million per a block, 

installation of new five-field ESPs with usage of the sulfUllc acid conditioning of the flue 
u 

gases 
The cost will amount to US$64 per kWt 1 e about US$ 18 million per a block, 

on sulfur oxides (100 tons a day at the design standard of 50 mg/nm3), it is necessary to put 
into operation the dry technologies with usage of lime, hawng efficiency of 60 - 65% The cost of 
such technologies is about US$ 250 per a ton to reduce emissions (The Republic limits require 
the emissions to be reduced fiom 1400 mg/nm3 up to 800 mg/nm i e 40%, to do th~s, the 
simplified foreign technologies with usage of the dry desulfunzation with adding limestone, 
havlng efficiency of 35 - 40%, may be used Their cost is about US$ 150 per a ton of sulfur 
dloxide) 
To prevent a dusting of the ash disposal, it is recommended to use the design measure, which is 
applied at Ekibashzskaya pow& station #2, suggesting an addition of 10 - 15% of sandy clay (of 
mass of pulp) in the ash pipeline with usage of the hydraulic excavator 
Management of the station should take steps to restore aspiration w t s  on places of pounng of 
track of he1 supply and to put them into operation 

6 2 Water Pollut~on 

The performed audit of Ermakovskaya power station has shown that to obtain the objective and 
reliable information on emissions of the stat~on, it is necessary to implement the systems of 
automatic controlling and methods - - -  of whole toxicological condition of waste waters and surface 
waters 
To get a precise answer on how much the degree of influence of heat contamination upon 
ichtyfauna of the stream Stary Irtysh and Irtysh itself is, it is necessary to provide biological 
monitonng with usage of biological testing method T h s  would allow to make the whole 
toxicologcal estimat~on of quality of waste waters and a water source by the objective and 
mandatory method, which is a National Standard (ST RK 17 1 4 01-95) Besides that, by using 
"Temporary methodical recommendations on determination of a damage to a water source by 
results of biological testing", approved by Minister of Ecology and Bioresources in 1995, an 



enterprise could itself reliably estimate the damage to nature This would be useful while 
companng expenditures for the nature protection measures with the actual damage to nature 
The station must take the following steps on keeping the requ~rements of the nature protection 
legislation of the Republic of Kazakstan in shortest terms 

to get the permission for special usage of water and for discharge of waste waters, 
to approve jointly with supervising ecological bodies, the statute of the reservoir for 

standard-clear waters fiom the statlon and while talung it into account to correct, to agree and 
to approve the limit of emission, 

to determine the lirmts for industrial wastes and to get the permission for their storage 
The present plan of measures on protechon and rational usage of water resources should be 
corrected according to the abovementioned steps and their costs should be made more 
preclse 

Riimc anrl Rnp r n m n a n ,  
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1 0 INTRODUCTION 

1 1 Background 

The Ust-Kamenogorsk Power Station is located in eastern Kazakstan, m the East Kazakstan 
oblast The facility mailing address is 

Promyshlennaya Street #2,492014 
City of Ust-Kamenogorsk 
Republic of Kazakstan 

The Director of the station is Vladimir Kholyavin ( telephone 47-28-42 ) 

TheChef Engineer is Vlalmlr Ney ( telephone 47-28-43 ) 

The following key plant staff, along with vmous reprsentatives of the ChemicaVAnalytical staff, 
were involved in the facility a u l t  

Sergey Matveev - Assistant Chef Engineer 
Nina Zheleznyakova - Chef of Enwonmental Department 
Valentina Kaynazarova - Chief of Techca l  Department 

A meeting was also held with reprsentatives of the East Kazakstann Regional Ecology 
Department regarding regional ecological issues involving the Ust-Kamenorgorsk facility 

The audit team was compnsed of the following members 

Burns and Roe Companv 
John Doyle - Principal Mechamcal Engineer 
David Cooksley - Environmental Engmeer 
Gennady Doroshin - Leading Power Plant Specialist of the Kazakstan Scientific 

Research Institute of Power Engineemg 

Local Kazakstan S~ecialists 
Alexander Pescherov - Seruor Specialist at Kazakstanenergo 
Ludrnila Ljashenko - Head of the Mimstry of Ecology and Bioresources Scientific 

Research Department for Ecology Problems 
Rafail Akhmetov - Chief of the Ecology Department at Kazakstanergo 
Mikhail Hojatelev - Leading Scientific Specialist at the Kazakstan Scientific 

Research Institute of Power Engmeenng 
Gennady Kropochev - Chef of the Testing Department at Elubastuz 

Power Plant No 2 
Alexander Parucimov - Leading Specialist at the Almaty Ecology and 

Bioresources Department 

This environmental audit was performed as part of a regional survey of power plants performed 
as part of a USAID funded "Regional Envlronrnental Improvement Study" of environmental 
problems withn the power sector of Kazakstan Ths  study, along with the related audits, was 
directed by Burns and Roe Company in cooperation with Kazakstanenergo and the Ministry of 
Ecology and Bioresources of Kazakstan The audit was performed in accordance with the 
guidelines of the European Bank for Reconstruction and Development as presented in their 



document "Environmental and Health & Safety Standard Audlt Report Format" The purpose of 
t h s  audit was twofold The pnmary purpose of the audit, as part of the regional survey effort, was 
to characterize the current emission levels at the facilities mvestlgated in order to develop 
recommendations for technology improvements which would be applicable to the power sector of 
Kazakstan In this regard, the Ekibastuz facllity was chosen for audit since its emission problems 
are considered to be representative of those of the power sector in general The second purpose of 
performing the audit was to serve as an opportunity for the team of local speclalists to apply the 
classroom training received earlier in the Study regarding how to perform an environmental audit 
and how to western technologies could be applied to mitigate current emissions problems 

The audit was performed for gaseous, liquid, and solid emissions It assessed the current 
discharges and the conditions which generate them, the methods of reporting emission levels, 
the technology currently in place to deal with these emssions, and plans to reduce emission 
levels Available documentation, such as research reports, facility records, conclusions of 
committees, etc were analyzed 

The Ust-Kamenogorsk Power Station is a combined cycle station was commissioned m 1947 to 
supply electnc power and distnct heating to the city Ust-Kamenogorsk The Plant was design to 
run on a heating time-table with 4300 to 5200 hours of operation per year 

The Power Station works under the thermal consumption schedule Max~mum power load of the 
station is on winter penod 
The baslc consumers of a heat 

The Ust-Kamenogorsk lead-zmc factory, 
The Ulba metallurgical factory, 
Meat-paclung factory, 
75 % of inhabited fund of city Ust-Kamenogorsk 

In 1995 it was produced 1003682 thousand kW-hour of electricity by the power station 
Dynamics of the power manufactunng is represented in the Appendix 3 

The boilers were designed to fire Kuznetsk basin hgh  volatile bitummous coal, but the presently 
Kuznetsk coal is replaced to hgh  volatile biturmnous coal fiom the Shubarkul mine and 
Karaganda mines 

The power station uses water from the Ulba nver for turbine condenser cooling 

Formed at burn coal ash-cinder wastes are stored on ash disposal, located near to inhabited sector 

2 0 THE FACILITY 

The Ust-Karnenogorsk Power Station is located in the East Kazakhstan oblast of Republic 
fiazakhstan Its arrangement in feature of city Ust-Kamenogorsk entails the increased 
requirements to observance of nature protection legislabon 



The Ust-Kamenogorsk is oblast center with the population 380 thousand persons The site map - 
circuit of city Ust-Kamenogorsk wth  the showing of an industnal zone, inhabited sector, posts of 
supervision, beyond the scope of a sanitary-protective zone and other IS represented in the 
Append~x 1 

There are near to the power station such enterpnses, as place 

Ulba metallurgical factory, 
Lead-zinc factory, 
Factory of silk fabncs, 
Factory "Ceramics" and other 

2 2 Hlstory and Environmental Settmg 

By vlrtue of hlgh industnal level, the city expenences difficulties because of strong pollution of 
atrnosphenc air, superficial and ground of waters, and also ground 

In a zone of influence of the Ust-Kamenogorsk Power Station arable land, a recreation zones 
along the nvers Irtysh and Ulba and inhabited sector of city Ust-Kamenogorsk 

Some days the concentration of NO, and SO2 exceed limts In some tunes 

The Ust-Kamenogorsk Power Station has thermal capacity 1060 Gcalhour and electncal capacity 
213 MWt The Power Station works under the thermal consumption schedule 
The general plan of the Ust-Karnenogorsk Power Station is represented in the Appendix 2 

At the Ust-Kamenogorsk Power Station there were established 15 boilers 

The configuration of the main case is represented in the Appendix 4 and 5 
The boilers 1-4 were demounted 

The charactenstic of operating boilers 

Boilers '5-10, as type CKTI-75-39F, manufactured by Barnaul Boiler Manufacturing Co The 
design parameters of these boilers are 75teh steamflow each at 39at g pressure and 435 
grad C temperature, 150grad C feedwater temperature to the economizer, 150 grad C arheater 
exit flue gas temperature and 90 7% boiler efficiency (LHV basis) The furnace has a dry 
bottom ash disposal system The indirect (pulvenzed coal storage) coal finng system consists 
of a single subatrnosphenc operating pressure ball mill per boiler These mills are model SBM 
250/390 with an external statlc classifier, separating cyclone, pulvenzed coal storage bin with 
PC feeders, pulvenzed coal/pnmary air (PCPA) conduit system, and a m l l  fan which is a 
combined exhaust/pnmary air fan Each boiler furnace has three swirl type honzontal PC 
burners in a single row, positioned in the fiont wall plus two start-up PC burners, one in each 
furnace sidewall The drafi plant of each boiler consist of a single forced draft and induced 
drafi fan All of the fans of each boiler are radial flow, centrifugal type, with electnc motor 
dnve Each boiler furnace has six tubewall sootblowers three in each sidewall Particulate 
emission control equipment consists of wet ventun type scrubbers, a single ven- and two 
scrubbers per boiler 



Boiler ' 1 1-1 4, as type BKZ-320-140, manufactured by Barnaul Boiler Manufactunng Co The 
design parameters of these boilers are 320 telh steam flow each at 140 at abs pressure, and 555 
grad C airheater exit fluegas temperature and 91 5% boiler efficiency (LHV basis) The boilers 
have balanced draft radiant furnaces with fully water cooled tubewalls, and tangent tubes with 
insulation and casing The furnace has a dry bottom ash disposal system The indirect 
(pulvenzed coal storage) coal finng system consists of two subatmosphenc pressure ball m~lls 
per boiler These mills are model SBM 2871470 with an external static classifier, and 
separating cyclone Each boiler has a single, common pulvenzed coal storage bin with PC 
feeders Each boiler has two PCIPA conduit systems and two mill fans which are combined 
exhaustlpnmary air fans for conveying the PCPA mixture to the burners Each boiler furnace 
has eight swirl type honzontal PC burners arranged in two rows of four and positioned in the 
furnace frontwall Each burner has a steam atomized mazut gun for start-up and combustion 
stabilization To eliminate NOx emission m the flue gas of boiler the furnace has the overfire 
air nozzles located above the main burners The draft plant of each boiler consists of two FD 
and ID fans Hot ax recirculation fiom the final stage airheater air outlet into the FD fan 
suction side is used to protect the cold end of the tubular airheater fiom low temperature 
corrosion attack Particulate emission control eqmpment consists of four ventun wet scrubbers 
per boiler Longitudinal drawing of boiler BKZ-320-140-2 - in the Appendix 6 
Boiler '15, as type TPE-430/A, manufactured by Taganrog Machne Building Co The design 
parameters of this boiler are 500 t ek  steamflow at 140 at abs pressure and 560 C temperature, 
230 C feedwater temperature to the economizer, 130 C airheater exit (diluted) fluegas 
temperature and 90 5% boiler efficiency (LHV basis) The radiant furnace operates with a 
balanced draft and is constructed with fully water cooled tube-fin-tube welded (membrane) 
walls, insulation and lagging The furnace has a dry bottom ash disposal system The boiler has 
two vertical shaft rotary regenerative bi-sector airheaters (type RPV-68 Ljungstrom license) in 
counterflow with combustion air in upflow and fluegas in downflow Each rotor has three 
sectors, two hot and one cold The cold sector heating surface is enameled Hot air recirculation 
from after the airheater air side outlet is fed into the FD fan suction side and is used for 
airheater cold-end corrosion protection The rotor speed is 2 rpm, with an electnc motor dnve 
The economizer stages are positioned in the vertical rear convective pass and the two 
regenerative airheaters are positioned immediately below the economizer fluegas side exit 

The indirect (pulvenzed coal storage) coal finng system consists of two subatmosphenc 
pressure ball mills per boiler, model SBM 3201570 Each of the mills has an external static 
(centrhgal) classifier, separating cyclone, and pulvenzed coal storage bin with PC feeder The 
two separating cyclones are cross-connected to the two pulvenzed coal storage bins Each bin 
has four PC feeders for a total of eight per boiler The coal drylng medium is hot fluegas taken 
fiom the furnace frontwall, above the lower furnace honzontal exit plane by two high 
temperature fluegas ducts of stainless steel construction and discharging into each ball mill raw 
coal inlet side Classifier exit mixture temperature control is by cold fluegas recirculation, 
using a recirculating fan, with a fluegas tap-off downstream of the two ID fans and discharging 
into the hot fluegas-to-ball mills lines The boiler has two fluegasPC conduit systems and two 
mill fans which are combined PC and fluegas mixture circulat~ng/conveying fans (for 
conveying the fluegasPC mixture to the burners) The boiler furnace has a total of eight "flat- 
flame" PC burners, four burners each in the front and rear furnace walls, arranged in single 
honzontal rows Heat input capacity of each burner is 46 5 MWt Each burner consists of two 
hot combustion (secondary) airducts with an included angle of 60 degrees, a pulvenzed 
coaVfluegas injector, a steam atomized mazut gun for igmtion and load stabilization and a 
flame scanner Each mill fan also supplies vented fluegas plus evaporated coal moisture 
together w t h  some carryover pulvenzed coal to four vent burner opemngs arranged in one of 
the furnace sidewalls with a total of eight vent burner opemngs per furnace 

1 7lnalafi r I t u A R ~ ~ r n c  anrl R n a  f'nmnan 



The draft plant of the boiler consists of two FD and three ID fans Particulate emlsslon control 
equipment consists of five ventun wet scrubbers per boiler A water impounded bottom 
ashlslag hopper supported on the basement floor is installed below the furnace tube hopper 
Four combined electnc motor dnven screw conveyorslash crushers are installed per bottom 
hopper for the removal of the bottom ash 

3 0 CHARACTERISTICS OF FACILITY EMISSIONS 

3 1 Aw emissions 

3 1 1 Emission Sources 

Total number of emission sources - 18, including 
orgamzed - 8, unorgamzed - 10 

Basic of them 
steam boilers, 
coal handling shop, 
coal storage, 
mazut storage and pump station, 
Joiner's shop, 
locomotive depot, 
coal handling points 

The list of polluting substances, emitted by sources, is represented in the table 

The list of pollutmg substances (1993) 
The substance name 

Ash 
Sulfur dioxide 
Nitrogen dioxide 
Vanadium pentaoxlde 
Formaldehyde 

Limlt 
mglm 3 

0 5 
0 5 
0 085 

Carbon oxide 
Arsemc 
Benzapinn 

0 02 
0 035 

Coal dust 
Weldmg discharge 

Danger class 

3 
3 
2 

5 0 
0 03 
0 000001 

Manganese dioxide 
Hvdronen fluonc 

Emission level, 
tonslyear 
7226 739 
9441 444 
6991 823 

1 
2 

0 5 
0 5 

Hydrocarbon 
Acid evaporation 
Oil evaporation 
Chromium oxide 
Soot 
Lead 

1 445 
3 074 

4 
1 
1 

0 01 
0 01 

Wood dust 
Abrasive dust 
S~licon combinations 

1798 068 
2 81 
0 013373 

3 
3 

200 0 
0 3 
0 5 
0 0015 
0 15 
0 001 

18 079 
0 341 

2 
2 

0 5 
0 04 
0 02 

0 027 
0 005 

4 
2 
3 
1 
3 
1 

7 325 
0 0378 
0 00042 
0 00085 
0 0236 
0 000001 1 

3 
2 
1 

0 795 
0 071 
0 001 



Total 25492 112 

The boilers are equipped by ash collection systems the scrubbers with Venture plpe of on each 
Efficiency of ash collection - 96%, that is obviously insufficient 

Some boilers are equipped with the expenmental acoust~c devices, raising efficiency of ash 
collection on 0 5 % (Appendix 7) 
Total ash emissions were made 5 84 thousands tons in 1995(Appendix 8) 

The rutrogen oxide elimination technologies comes true as follows 

On boilers 5, 8,9 - is not present, 
On boilers 6, 11-14 - overfire air nozzles, 
On boilers 7, 10 - high concentration coal dust feed into furnace 

Efficiency of rutrogen oxide elimination - 10 % 
There was discharged by the power statlon 5 85 thousand tons of nitrogen oxides in 1995 

There is no desulfhzatlon technology at the station 
There was dxcharged by the station 7 86 thousand tons of sulfur dioxide in 1995(Appendix 8) 

The actual concentrations(mgim3) of harmful substances in flue gases of boilers are represented 
below 

I Boiler type I Ash, mg/mJ I NOx, mg/m3 I SO2, mg/mJ ( 

For the last years there was the replacement of the design fuel - of Kuznets coal on Karaganda 
coal having the worse quality 
Only the increasing of the sulfur content in coal from 0 35 % in 1987 till 0 48 % in 1993 has given 
SO2 increasing from 7922 up to 9441 tons (Appendix 10) 

The project of the power station emission limits had been developed, but was not coordinated in 
Regonal Management of Ecology because of constantly shows additional conditions (not always 
indisputable) 

For 1996 the preliminary conditional coordination on emission limit for the power station is 
available, and it is at the Minlstry of Ecology and Bioresources of the Republic of Kazakhstan 
The permission for the power station on the harmful emissions in atmosphere in 1996 is available 
(Appendix 1 1) 

The conformed emission limits and actual emissions are represented in the Appendix 12 

The data analysis shows 

Actual emissions of NOx and SO2 per second a little bit exceed the limits, 
At the same time, in 1994 actual second emissions there were below limits, that is inexplicable, 
for fly ash, on the contrary, sigmficant excess of limit was shown in 1994 



It is obvious, that at the following stage of work specification of results IS required 

The harmful substance concentration defin~tion in atmosphere from sources and on control points 
of the station comes true both instrumental method and method of calculation 

The detaled information is represented in the Appendix 13 

3 1 2 Emission Lim~ts 

The law of atmosphenc air protection of the Republic of Kazakhstan, with the purposes of 
resbxtion of harmful influence emssions of the industnal enterpnses on atmosphenc air, 
stipulates an establishment of the emission llrnits 

At the moment for the industnal enterpnses an establishment of allowable emission limlts and 
temporanly coordinated annual emissions of harmful substances are stipulated 

Under allowable emission limt (AEL)it is understood the technological standard, installed for a 
condition, that "the contents of polluting substances fkom a source in a lower layer of air or their 
sum should not exceed the air quality standard for the populahon, flora and fauna" (National 
Standards 17 2 1 04-77) 

If for the operating enterpnse the allowable emission limits (AEL) are exceeded, then the 
emission decreasing stages up to AEL meamngs are entered For each stage ~t is established the 
tempormly coordinated emission standard of harmful substances(TCS) 

By rules of an establishment of allowable emission limits (National Standards 17 2 3 02 -78) the 
limit concentration (LC) of harmful substances in atmosphenc air, confirmed by Ministry of 
public health of Republic of Kazakhstan IS adnutted as basic standard of quality of air 

Rules require, that a ratio should be c m e d  out 

where C - settlement concentration of harmful substance in lower layer of atmosphere 

As the lower concentration can form by set of emissions sources, at an establishment LAE for the 
gwen source take into account determined by account or experiment of memng of background 
concentration Roy therefore an above mentioned ratio represent as 

@ + R J / L C I I ,  or R + S T ~ I L C  

At an establishment of the specifications AEL the maxlmum lower concentration of substance 
from the given source R, and meamng of background concentration k, created by other sources 
of emissions, are determined with use of mathematical model for scattering of gaseous and aerosol 
impunty m atmosphere 

According to " bD-86  The techque  of account of concentration in atmosphenc air of harmful 
substances in emissions of the enterpnses ", maximum lower concentration, referred to adverse 
meteorological conditions, and for hot sources, is determined under the formula 

I - height of a pipe, m, 



I - expenditure of substance discharged to air, gramdsecond, 
A 0  - difference between temperatures of discharged gases and air, 
V, - the complete charge of flue gases from chmney, m3/s, 
F - factor for separation of hard particles (for gaseous substances F is I), 
A - climatic factor, 
q - factor, talung Into account rehef, 
My n - factors, talung into account conditions of nse of a torch of the flue gases above chrnney 

With the help of thls formula, and also ratio, allowlng to determine Roy detemne a degree of 
confomty of emssions from the given source to represented earlier expression C + R0 5 LC 
In case of discrepancy it is established the flow of discharged substance I, satisfying to this ratio, 
whch will be allowable emission limit(AEL) 

The list of measures to decrease an emission level at the enterpnse to the AEL and a realization 
schedule of measures is deterrnmed after AEL establishment 

3 2 Water Supply and Llqu~d Waste Effluents 

3 2 1 Sources of Water Suuvlv 

For technical needs the Ust-Kamenogorsk Power Station receives water from the nver Ulba, and 
water for hn lung  needs - from a mu~llcipal waterpipe systems 
The part of t echca l  water taken away is transferred to the other consumers to the Ust- 
Kamenogorsk lead-zinc factory, research institute of nonferrous metallurgy and other 

The t echca l  water at the Ust-Kamenogorsk Power Stahon is used in the vmous technological 
circuits The greatest its amount is used in forward flow condenser cooling systems of turb~nes (84 
%), system of wet ash transportation (13 %), feedwater treatment plant(3 %) 

In 1995 for technical needs and transfer to other organnations was taken away 46 2 million m3, 
and on dnnlung needs - 17 5 million m3 of water (Appendix 14) For the Ust-Kamenogorsk Power 
Station needs it was used 42 75 million m3 of water 

3 2 2 L~quid Effluents 

The Ust-Kamenogorsk Power Station has two waste water discharges 
In the nver Ulba (turbine condenser cooling water discharge and neutralized waste water 
discharge of feedwater treatment plant) 
In the nver Brajinskaya (waste water discharge fi-om ash hsposal) 

On slte map - circuit (Appendix 15) the locations of waste water discharges in reservoirs are 
shown 

In the vanous technological circuits of power station the following liquid wastes are formed 
Waste water of forward flow ash transportation system, 
Cooling water of forward flow turbme condenser cooling systems, 
Waste water, contai~ung petroleum (afier cooling of auxiliaries in vanous shops, from m m t  
facilihes, 
Acid and alkaline water of feedwater treatment plant, 
Waste water afier eqmpment washings and preservation 



Waste water, formed on feedwater treatment plant, after auxiliary mechanisms cooling and storm 
waste water are collected and directed together with coolmg water to the nver Ulba 
The waste water from chemical cleaning of the equipment, from a mazut facilities (from rnazut 
precipitation tank) are discharged m ash disposal 

In 1995 in the nver Ulba was discharged 32 3 million m3 of normative-waste water, and m nver 
Braynskiy - 1 1 million m3 of polluted waste water from ash dlsposal (Appendix ) 

The waste water sources of the Ust-Kamenogorsk Power Station and clrcuit of their removal, 
together wlth the reception places of waste waters of the other enterprises are specified on the 
Appendix 16 drawng 

Normmg-legal requirements on water guards and condlt~ons of water uslng at the Ust- 
Kamenogorsk Power Stat~on 

The activity of the Ust-Kamenogorsk Power Station in area of water protection is adjusted "by 
the Law of the natural environment protection", "by the Water Code of the Republic of 
fiazakhstan", "by Rules of superficial water protection fiom pollution" and other normative 
documents 

According to the requirements, stated in these documents, the Ust-Kamenogorsk Power Station 
has received the water using permission for 1996 and has the allowable discharge limits - (ADL) 
of polluting substances coordinated by Regional Management of Ecology and Bioresources, 
diagram of discharge waste water quality testing and plan of water protection measures for 1996 
(Appendix 1 7- 1 9) 

The discharge waste water quality testing comes true by chemical laboratory, properly equipped 
and engaging qualified personnel The laboratory is confirmed by the local division of National 
Standard of the Republic of fiazakhstan and has a license to make the analyses of mdustnal water 
discharges 

The waste water quality testmg results and also nver water(before and below of waste water 
discharge), are recorded in the special protocols and are fixed in magazines 

The water discharge flow is determined by indlcatlons of devices in view of water balance of the 
separate technological circuits Devices for the direct determinations of the waste water flows is 
not available at the power statron 

Companson of the allowable discharge limits of vmous substances with the actual discharges is 
showed in the Appendix 20 

As it is visible from these data, the waste water discharges m the nver Ulba is a cause of the ADL 
excess of chlonde, sulfates and a common mineralization, for nver Brajinskaya the list of 
substances, on whlch the ADL excess, includes also the row of components, among whch - 
fluondes, vanadlum, arsenic and other 

The quality of water, discharged to the nver Ulba from turbine condenser cooling systems 
together with earlier mentioned Qscharges, corresponds to the World Bank standards 

In 1995 the requirement about paying 1 8 million tenge (about $10000) was presented to the Ust- 
Karnenogorsk power plant by Regional Management of Ecology and Bioresources for the ADL of 
polluting substances excess in the waste water discharges 



Thermal pollution of water in the nver Ulba dmng operation of the power station it was not 
marked However, accounts being available on station show, that at nominal loadmg in summer 
season the cooling water temperature would exceed the established standard 
Actual loading of the stabon much less the nominal in summer season 

The power station plans measures to solve the water protection problems 

The design institutes developed measures to install the turnaround circuits of cooling water 
system and wet ash removal system, clemng of 011 containing dram and industrial - storm water 

The part of the design decisions is carned out 
Are constructed cooling towers and other elements of turnaround system of technical water 
supply, 
Under construction of ash disposal '4 , 
Construcbon of ash disposal '3 earlier stopped is planned 

Term of fimshmg of construction of turnaround techrucal water supply system - 2000, of ash 
disposal '4 - 2003 
A list of other measures in Appendix 19 

3 2 3 Effluent Treatment 

From all waste water, formed by power station ,only acid and alkaline contaimng water of 
feedwater treatment plant and water polluted by oil of mazut facilities are exposed by treatment 

The waste water of feedwater treatment plant are mixed up in special capacities with a solution 61 
fimshmg up to 6 5 - 8 5 
In a year it is processed up to 100 thousand m3 of waste water 

The water after oil precipitation tanks is directed to the wet ash transportation system Emulsion, 
contaimng oil, comes back on mazut facility 

The conditions of waste water assignment in water objects are determined with the account 

Dissolution degree of waste water with water of water object on the distance from a discharge 
place of waste water up to the nearest of control point of water using, 

Calculated background structure and properties of water of water objects in places of waste 
water discharge 

On the basis of calculations for each waste water discharge the allowable discharge limit (ADL) 
of polluting substances are established, the observance of which should supply normative quality 
of water in control points of water objects according to the requirements of Rules or the natural 
factors of structure and properties of water preservation 

Allowable discharge limit(ADL) is a weight of substance in waste water, as much as possible 
allowable to assignment w t h  an established mode in the given point of water object in time unit 
with the purpose of maintenance of water quality standard, and it represents product 

Rnmc and R ~ P  f imnanv 



The ADL calculation was made according to " Rules of guards of superficial waters of the 
Republic of fiazakhstan", "The Instruction on emissions polluting substances norming in 
atmosphere and in water objects", 

" Techmque calculation of allowable d~scharge limits (ADL) of polluting substances in water 
objects of the Republic of Kazakhstan " 

The requirement lays in a basis of calculation, according to whch each water user should 
recogmze that at waste water d~scharge it should be camed out following conditions in the nearest 
control point of water using 

And moreover, at presence of substances 1-th and 2-th classes of danger with identical limitlng 
attributes of harm, ADL is established at the rate of (National Standards 4638-88 " Sanitary rules 
and norms ", Ministry of Public Health USSR) 

C f i / ~ ' _ < l ,  where 

C1 - limt concentration (LC), 

1 - amount of norming substances, 

C' - the concentration I-th of substance in control point under condition of waste water 
discharge by water user, and summation in the second inequality is made on all 
substances with identical limiting attributes of harm, which can be in water control 
point 

The calculation of allowable concentration to discharge in water flows (except weighed 
substances) is made according to the formula of Frolov-Rodziller 

y - factor of mixture, whch shows, whch part of water in the nver is mixed up with waste 
waters, while it goes up to control point, located on distance L, km, 

Q - the charge of water in the nver, m3/s, 

qco - the water discharge flow, m3/s, 

Rlae - limit concentration of substance, mgll, 

fi0 - concentration of substance in background mg/l 

The concentration of weighed substances pays off under the formula 

When allowable discharge limits is established, the calculated flow of discharge waters is 
accepted as the maximum waste water discharge per hour for actual penod of t h s  discharge 
depending fi-om discharge duration and operation mode of the enterpnse - waste waters emission 
source 



At determmation of the dissolution ratio of discharge waters by water of stream in control point of 
a water using, the following cond~tions are accepted 

For the noncontrol water streams - the calculated minimum monthly flow of water of a year 
with the 95% water providmg, 

For the control water streams - the established guaranteed water flow below a dam 

3 3 Materials Handlmg and Storage 

3 3 1 Storage of Chemicals 

Chemical reagents are used at feedwater treatment plant for water preparation for compensation 
of water losses at the power station and at the external consumers 

The reception and stonng of chemical reagents, acting by rail, are made according to the 
established requirements and norms of technological desigmng of thermal power stations (NTP- 
81) and other documents 

The warning of an environment pollution at reception and stonng of reagents is reached at the 
enterpnse 

by maintenance of isolation of possible reagent straits with the weeding help, made from 
materials, steady against influence of aggresswe means, 
by use of special devices for filling, discharge and proportioning of reagents 

The list of chemical reagents, used at the enterpnse, and some reagent storehouses(tanks) 
informahon are represented in the table 

The annual flow of sulfunc acid is about 700 tonslyears, sodlum hydrate - about 350 tonslyears 
Both reagents are used for regeneration of filters at feedwater treatment plant 

The l ~ s t  of chem~cal reagents 
The name of I Amountoftanks I Volume, m3 I Concentration, % I 

chemicals 
Sulfimc acid 
Sodium hydrate 
Hydrazine-hydrate 

The hydrazine-hydrate is used to prevent internal pipe surface corrosion of boller special means 
of protection are used by the personnel for work with it toxic reagent Measures for neutralization 
of hydrazine-hydrate chlonc lime strats are stipulated 

4 

1 Ammoma 2 On 30 each 

Thus, at reception and stonng of chemical reagents at the enterpnse an environment pollution 
does not occur 

4 
2 

25 

3 3 2 Storage of Mazut 

On 30 each 

At Ust-Kamenogorsk Power Station mazut use as additional fuel for furnace start-up and finng 
stabilization 

92-93 
On 30 each 
On 1 5 each 

The charactenstlc of mazut is represented in the table 

40-45 
64 



The charactenst~c of fuel I Designation Average memng 
in a year 

For mazut pumping, filling and discharge it from capacities, temperature of mazut should be not 
lower 60-70 

Ash content % I A 
Sulfur content, % 
LHV, ccalkg 

Technological path of m m t  preparation Includes 
filling-discharge devices, 
the basic tanks with capacity 1000 I' - three tanks for stonng of a constant mazut reserve, 
mazut pumping station, 
system of pipelines, 
mazut heaters and filters 

0 033 

The preparation of mazut before burrung includes mazut filtrabon against mechanical impunty, 
mazut pressure increasing and it heating, that necessary to decrease energy losses for mazut 
transport and its thin pulvenzation in guns of burners 

S 
Q, 

The hydrocarbon allocation at mazut stonng is occurred at mazut discharge from railway cars, 
through the respiratory valves of mazut capacities and through pump looses 
The account of hydrocarbons emissions is represented m the Appendix 22 

0 95 
9977 

3 3 3 Storage of Flv Ash and Bottom Ash 

The removal of ash-cinder waste at Ust-Karnenogorsk Power Station is made by a hydraulic 
method 

The stonng of ash-cmder wastes is made on ash disposal The filling of ash disposal '1 was 
completed, surface of ash disposal is covered by grass and long-term plants The ash disposal '2 is 
under operation, though ~ t s  design volume exhausted By escalatmg dams of ash disposal the 
operation life of ash dlsposal manages to be increased 

At the moment both ash disposal are equipped by spnnkle devices for dust prevention 
At ash disposal '1, already filled, surface of ash-cinder waste are covered by grass 

The construction of ash disposal '3 is stopped because it was an unsuccessful choice of 
construction plant - near to a country file 
Construction of ash disposal '4 is begun 

Because a finance lack to finlsh ash disposal #4 construction the plans of ash disposal '3 
construction are considered again 

The problems with operation of ash dlsposal are connected, mainly, to necessity of water 
discharge from it in nver Brajenskiy and further - in the nver Irtysh, and also with ground water 
pollution m result filtration fiom ash disposal 

3 4 011-F~lled Electrical and Hydraulic Equipment 



Transformer and turbine oils uslng can be connected to danger of an envlronment pollution by 
chemlcals contained in them, added to Improve operational properties of oils 

Unfortunately, in the country unt~l comes true of the programs on restnct~on of these chemical 
influence on an environment Therefore a data on amount of these chemicals at Ust-Kamenogorsk 
Power Station, and even about presence them In oils is not available 

The personnel ~nstructions to manipulate wlth oils, contaimng chemlcals, are not developed 

3 5 Asbestos 

At the moment asbestos IS used on all thermal power stations of Kazakhstan as a heat -msulation 
matenal 

The programs to terminate asbestos using and also removal being available of contaimng asbestos 
insulation are not planned 

3 6 Contammated So11 and Groundwater 

The soil pollutlon around of power station can be caused of polluting substances emission with 
flue gases of boller, and also with ablatlon of a ash dust from ash disposal 

The ash dlsposal of Ust-Kamenogorsk Power Statlon are not dust on fulfilled ash disposal the 
measures to prevent ash ablatlon are c m e d  out (gardemg, humidifymg), and on operating ash 
disposal- the ashes is covered by a layer of water 
Thus, the pollutlon of soil can be caused only by emlssion of polluting substances wlth flue gases 

Special researches about influence of particulate emissions and gaseous substances on soil 
pollution was not c m e d  out Therefore of data, allowing to judge about t h s  process, is not 
available 

Clalms to Ust-Kamenogorsk Power Station on th s  occaslon was not showed by envlronment 
protectlon bodies, carrylng out the control for an environment condition, 
Sources of ground water pollutlon are ash disposals at Ust-Karnenogorsk Power Station 

In region of ash dlsposal a few wells are available, fkom whch water sampling penodically are 
made to test water quallty The results of chemical analyses of well ground water are represented 
in the Appendix 2 1 

The data of the analyses testify that ash disposal not having of leakage protectlon, pollutes the 
ground water by fluonde and selemum The fluonde contents exceeds llmit concentration, 
established for water of water objects of economic-dnnkmg water uslng in 2-3 times and for 
selemum - In 24 times 

Because there are not indicators on the fact, that the ground water pollution m ash dlsposal region 
influences on water quality In hnlung water supply sources of city Ust-Kamenogorsk, any clalms 
to the enterprise was not showed 

4 0 SUMMARY OF ENVIORNMENTAL COMPLIANCE 



The activity of the Ust-Kamenogorsk Power Station in the field of atmosphere air protection is 
regulated by the Law of Environment Protection of Kazakh SSR of 199 1, by the Law of the 
Kazakh SSR "Concerning Protection of air", by the National Standard 17 2 3 02-78 "Protection of 
Nature Atmosphere Rules of determination of acceptable emission of harmful substances by 
industnal enterpnses", and other normative instruments and applicable branch industnal rules and 
standards 

4 2 Water Supply and L~quid Effluents 

From the point of view of the environment protection legislation there are a few problems at Ust- 
Kamenogorsk Power Station in the field of water protection from pollution and rational their use, 
caused by of technological process peculimties on station 

the forward flow turbine condenser cooling system, requinng sigmficant volumes of water 
from the nver Ulba (more of 80 % a total techmcal water consumption at the power station 
enterpnse), should be replaced by turnaround coollng water system, 

the forward flow wet ash transportation system should be reconstructed in turnaround system 
with the purposes of the discontinuance of water pollution in the nver Irtysh and rational use of 
water resources, 

Construction of water treatment plant to clean oil contaimng drams and industnal - storm water 
is required 

The presence on the station the designs of turnaround techca l  water supply system and waste 
treatment plant, (already partially realized) testifies that the power plant has the correct policy in 
the field of water protection 

4 3 Mater~als Handlmg and Storage 

4 4 Contammated So11 and Groundwater 

5 0 CONCLUSION 

The Ust-Karnenogorsk Power Station has senous inhngements of the requirements of water 
object pollution prevention and rational water using legislation (presence of the forward flow 
circuit of turbine condenser water cooling system and wet ash transportation system, ash disposal 
water discharge in water object) 

The t echca l  designs for water protection and rational water using developed at the Ust- 
Kamenogorsk power station will allow, after their realization, a compliance of water usmg 
condibons at the station and the requirements of the republican norms of an environment 
protection 

Constant escalating of dams of ash disposal '2 can bnng dam break and boom of large weights of 
ash-cinder waste After end of operation of ash disposal '2 and its recultivation by a traditional 
way (the ash disposal surface coverings by a layer of ground), can proceed harmful element 
leakage from ash-cinder waste by ram deposits 

In compmson, emissions of The power station SO2 emission is 21 5 tons per day with the World 
Bank standards (100 tons per day) is much lower 



The concentration of flue ash m the boiler flue gases much exceed the requirements of World 
Bank standard 

The concentration of mtro~en oxides is also higher than the requirements of World Bank standard 

The actual efficiency of ash and mtrogen oxides emlssion cleaning. is insufficient to satisfy 
emission limits The measures were developed by the power station for achievement of emission 
limits, include reconstruchon of ash collection system, implementation of low NOx technologies 
and also comrnissiomng of new (180m height) stack The measures to elimmate sulfur dioxide 
emission are away (Appendix ) 

6 0 RECOMMENDATION FOR MITIGATION & REMEDIATION OF EMISSIONS 

The measures, sbpulated in the Project to achieve of emission llrnits, as a whole solve the Ust- 
Kamenogork power station problems However, discuss~on about sulfur dioxide emisslon limit 
for the power plant with the Ministry of Ecology and Bioresources of the Republic of Kazakhstan 
and the Regional Ecology Committee is necessary 

6 2 Water Pollution 

For water resource protection it is offered 

To correct the allowable discharge limits(ADL), in connection with necessity of initial water 
quality parameters more accurate defimtion It can result in a payment reduction for polluted 
water lscharges 

To estimate influence of ash disposal water leakage on underground water and superficial 
water source quality (at the followmg stage of work) 

By results of estimation of ash disposal '2  influence on an environment to provide recultivation 
method excluding leakage of harmful elements in ground water With the purpose of ash 
disposal ' 2  dam break exception to accelerate new ash disposal construction 
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1 0 INTRODUCTION AND OBJECTIVE 

This report presents the results of the Testing Program conducted at the Ekibastuz Power Station 
No 2 in October/November 1996, as part of the Prototype Facility Investigat~on phase of the 
Kazakstan Regional Environmental Improvement Study ( Delivery Order No 9, Task No 4 ) This 
Testing Program was conducted to collect detailed quant~tative data on current air emissions and 
liquid discharges at the facility Air emission data was collected on flue gas streams from Unit #2 
and #1 and an analys~s was made of selected liquid effluent streams The objective of the test 
program was to charactenze NOx, SO,, CO, and particulate emisslon levels under vanous reglmes 
of plant operat~on to measure components of concern for the liquid effluent stream Field collection 
data was supplemented with facil~ty operatmg data and fuel analysis data necessary to support 
calculation of a boiler heat and matenal balance The results of t h s  testing program will be used to 
provide input to a modification plan for the facility which would result in the facility meeting 
relevant environmental standards An additional objective of the test program was to provide 
training to the Kazakstan technical specialist team on how to use the portable fluegas and liquid 
analyzers in order for them to provide future ass~stance w i t h  Kazakstan at other industnal facilities 

Levels of NOx, SO,, and CO and liquid d~scharge parameters were determined using portable 
momtonng equipment provided by USAID Flue gas particulate emlssion levels were determined 
through the services of a local Kazakstan specialty subcontractor funded by USAID 
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2 0 UNIT DESCRIPTION 

2 1 Combustion Systems 

The Elubastuz Power Station No 2 is located in northern Kazakstan, in Pavlodar oblast, near the city 
of Elubastuz The station currently consists of two 500 Mw power blocks with plans for an ultimate 
expansion to eight 500 Mw blocks Each block has a design main steam flow of 1650 t/h at 545C 
and 255 atm with a reheat outlet temperature of 545C 

Each block cons~sts of a supercntical steam turbine ( Model K-500-240-2 ) and monoblock, once 
through type bo~lers ( Model P-57R ), manufactured by the Podolsk Machine Budding Factory 
The boilers are of the "T" configuration w~th  a double cell, balanced draft furnace, with dry bottom 
disposal The boilers are designed to fire medium volatile bituminous coal fiom the Ekibastuz open 
cast mine Mazut is used as the auxiliary fuel for start-up The boilers have different, direct-fired, 
pulvenzed coal burner systems 

Boiler #1 is opposed-wall, honzontally fired, with 24 swirl type, single register burners ( 2 honzontal 
rows of 6 burners on each wall ) each with a separate secondary air duct (I e - no common windbox) 
The heat input per burner is 45x1 O6 kcal/h There are no overfire air (OFA) nozzles installed 

Boiler #2 has a tangentially fired, Low-NOx, pulvenzed coal finng and bulk furnace air stagmg 
(OFA) system with 24, pnmary air/pulvenzed coal, fixed nozzles ( 3 honzontal rows of 4 burners 
on each wall ) with one f m g  circle m each of the two furnace cells Each coal nozzle IS equipped 
with a separate secondary an- duct (1 e - no common wmndbox) The heat input per main coal nozzle 
is 45x1 O6 kcalfh The secondary air nozzle of each mam coal nozzle is arranged so that it contnbutes 
to the formation of a large diameter, concentnc combust~on airflow "circle" in the vicinity of the 
furnace tubewalls, creating a local oxidizing atmosphere for the prevention of localized slag-type 
wall deposits and tube metal corrosion attack A control damper is provided in the secondary air 
flow to each burner This damper was designed to allow a portion of the secondary air flow to be 
diverted and used to form the large diameter concentnc a~rflow "circle" The majonty of the 
secondary airflow, combining with the pnmary air/pulvenzed coal mixture, contnbutes to the 
generation of a smaller diameter "fimg circle" Due to heat radiation damage to these control 
dampers, a decision was made to discontinue use of the diverted secondary air flow stream At the 
time of testing these ports had been bncked over thus limiting the Low-NOx performance of the 
combustion system Bulk furnace alr staging IS accomplished by adjustment of the overfire air 
dampers 

The draft system of each boiler consists of two forced draft (FD) and two induced (ID) axial flow, 
electnc h v e ,  fans The combined flue gas from both bollers discharge to a single 420 meter 
chlmney Each boiler is supplied wlth raw coal from SIX silos, each with a screw, volumetnc-type, 
raw coal feeder The feeders discharge to six per boiler, MPS, vertical spindle, medium speed 
pulvenzers Each pulvenzer has an integral centnhgal classifier and electnc motor dnve Coal 
throughput at design rating is approximately 58 te/h, wlth five pulvenzers m operation Each 
pulvenzer supplies pulvenzed coal to four burners through PAIPC condu~ts The pulvenzers are 
pressurized Pnmary air (PA) is supplied by two per boiler, radial flow, electnc dnve, fans The PA 
fans take suction fiom the discharge of the FD fans 
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Particulate emission control for each boiler consists of four Ventun Scrubbers (Model MMK 4x217) 
followed by two, four-field Electrostatic Precipitators (ESP's) positioned upstream of the two ID 
fans per boiler There is no fluegas desulfunzat~on (FGD) equipment installed The design ash 
collection efficiency was 99 5% The wet stage of the ash collection system was intended for partial 
collection of ash (about 92%) and improvement of the flyash properties for improved EPS 
performance Dunng initial testing of the ash collection systems, ( following commissioning ), the 
ash collection efficiency was determined to be 98 77% on block #1 and 99% on block #2 However, 
since commissionmg the efficiency of the ash collection systems have detenorated significantly due 
to ESP corrosion, excessive Ventun wear, and Scrubber blockage 

2 2 L ~ q u ~ d  Effluent Systems 

( LATER ) 
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2 2 L~qu~d Effluent Systems 

Wastewater at Ek~bastuz No 2 IS generated from the followmg maln source c 

San~tary Waste Treatment Plant, 
Ash D~sposal System, 
Water Treatment Plant, 
Coolmg Water Supply System, 
Potable Water Treatment Plant, 
Ody Water Collect~on Systems 

A br~ef descr~pt~on of each systemlplant and its respectwe hquld effluent IS provlded In 
the followmg subsect~ons 

2 2 1 San~tary Wastewater 

San~tary wastewater IS der~ved from the main and auxhary bu~ldlngs of Eklbastuz No 2 
and from the Solnechny construct~on camp (support vdlage of the power plant) 
Sanltary waste IS treated mechanmlly and b~olog~cally, followed by chlormat~on After 
treatment, wastewater is d~scharged to the ash dlsposal pond and sohds are recovered 
and used as fert~l~zer 

The design capac~ty of the san~tary waste treatment plant is 10,000 m3 per day The 
actual throughput IS 4000 m3 per day The underut~hzat~on of the plant IS due to 
uncompleted development of the stat~on and ~ t s  associated support village 

Treated san~tary wastewater IS routmely mon~tored for suspended sohds and pH 
according to regulatory requ~rements Add~t~onal analys~s IS per~od~cally performed on 
sanltary wastewater for the followmg parameters color, transparency, COD, nitrates, 
n~tr~tes, ammonium, phosphates, and BOD 

Sample results of l~qu~d  effluent from the san~tary wastewater treatment plant are 
presented ~n Sect~on of th~s report (J Doyle Note This may be the 
"mvsterv sample" of 5 November) 

2 2 2 Ash D~sposal System -> Have J Dovle check this descrmtion<- 

Water for the wet transport of ash IS pumped from the ventur~ and scrubber systems 
Ash and bottom slag are combmed and pumped to a~rllfts whlch raise ~t through pulp 
llnes to a he~ght of 21 meters The fac~hty malntams two pulp lmes for the wet transport 
of ash (one h e  is auxhary) The 1020mm dlameter lines transport ash a d~stance of 
17 4 km by grav~ty flow The water consumpt~on of the ash collect~on and 
transportat~on system IS 2000 - 2200 tons per hour 



Wet ash and other combined wastes (described within this sect~on) are d~scharged to 
an ash pond of m3 capac~ty whch is referred to as Lake Karasor 

Analytical results of samples obtamed from the ash pond are presented in Sect~on 
of this report 

2 2 3 Water Treatment Plant 

Raw water used for bo~ler make-up and turbme requ~rements is treated by a system of 
mechanical filters and chem~cal act~on prior to use In boilerlturbine applications The 
follow~ng wastewater IS generated as a result of these mdustrial water pur~ficat~on 
activ~ties 

Neutralizer tank wastewater, 
Mechanical f~lter wastewater, 
Sodwm-cation filter wastewater, 
Brme tank wastewater 

The above wastewater constituents are momtored for pH in comphance with appl~cable 
regulations (6 5 - 8 5), and then discharged to the ash pond Approx~mately 100m3 per 
day of wastewater is generated and discharged from the water treatment plant 

Analytical results of samples obtained from the water treatment plant are presented in 
Sect~on of this report f'J Dovle Note Thrs mav be the " mvsterv sam~le" of 5 
November) 

2 2 4 Coolmg Water System 

Coohng water is der~ved from an artific~al lake referred to as the Shandasksor cooling 
reservoir The Shandasksor reservoir has an area of approx~rnately 42 7 km2 and 
contams approx~mately 259 8 milhon m3 of water Ek~bastuz No 2 uses a once through 
circulatmg coolmg system whch requires approx~mately 40 - 60 m3/hr of water for the 
two workmg blocks of the power plant The coolmg water IS used to cool turbme 
condensers, turbine oil coolers, generators, flue gas pump bearings, blower fans, and 
other auxhary equ~pment In addhon, the coolmg water supply IS also used for bo~ler 
washdown and for cleanup of the fuel handhng room and other miscellaneous rooms 
Please Note Wastewater generated from boiler washdown, the wet clean~ng of the fuel 
handling room, and m~scellaneous rooms IS discharged to the wet ash d~sposal system 
and is not returned to the Shandaskor reservolr This wastewater IS not monitored prior 
its discharge to the ash d~sposal system 



The temperature of the coolmg water is continuously mon~tored at the system ~nlet and 
outlet pomts Coolmg water is mon~tored on a quarterly bas~s for the followmg 
parameters pH, BOD, metals, 011, and suspended sohds 

Analyt~cal results of samples obtamed from the cooling water system are presented In 
Sect~on of th~s report 

2 2 5 Potable Water Treatment Plant 

The 458 km long Irtysh-Karaganda canal is the prlmary source of fresh water In 
northeast Kazakhstan Water from the Irtysh-Karaganda canal IS pumped to a potable 
water treatment plant called the Struva Drinkma Water Unit (Is thrs unrt located af the 
p n  
Liqu~d waste from the potable water treatment plant IS ult~mately d~scharged to the ash 
pond lnformat~on regardmg the quantrty and quahty of potable water treatment plant 
effluent was unava~lable at the time th~s report was written 

2 2 6 Ody Water Collect~on Systems 

Two systems are employed to collect water wh~ch may be contammated with lubrlcatmg 
011 and water wh~ch may be contammated with mazut 

Sources of water contaminated w~th lubr~cat~ng oil are 
In the main bu~ld~ng - 011 systems of turbmes, generators, feed pumps, flue gas 

pumps, and pump glands 
Area around transformers, 011 switches, emergency 011 d~scharge, cableways and 

tunnels 
011 tanks and pump glands 
Veh~cle garages and parking areas 

Sources of water contaminated w~th mazut are 
Glands of mazut pumps 
Flange jomts of p~pework and armature 
Mazut heaters 
Mazut storage tanks and discharge tanks 
Condensate f~lters of mazut room 

Water contaminated w~th lubricating od is collected via a system of floor drams Water 
contammated w~th mazut IS collected via the storm sewer system The floor dram and 
storm sewer systems d~scharge mto one of three hold~ng tanks which are pumped into 
an 011-water separator with a capac~ty of 45 hterslsec There are two 200m3 holding 
tanks and one 25 m3 holding tank The 011-water separator d~scharges up to 120 m3 
per day mto an independent collect~ng reservoir located In the v~cin~ty of the sewage 



treatment plant The collecting reservoir discharges to the wet ash transport system 
The collecting reservoir discharge IS not monitored for 011 
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3 0 FLUEGAS TESTING 

Dunng the time penod when the testing was being performed Block #1 was offline awaiting 
completion of repair work on it's man  generator Due to the resulting dependence upon Block #2, 
plant operatmg staff had reduced flexibility in responding to requests by the testing team to change 
test regimes and still respond to plant power demands Since the testing subcontractor was not 
initially available and the Block #2 ESP was not in service, a decision was made to test for NOx, 
SO,, and CO on Block #2 and for particulate emission testing to be performed when Block #1 was 
returned to servlce 

Testing on Block #2 was performed by a joint team compnsed of one Bums and Roe engmeer and 
several of the Kazakstan techtllcal specialists who were participating in t h s  Regional Environmental 
Improvement Study The particulate testing on Block #1 was performed by specialty subcontractor 
Vostok Energo ( see section 5 0 below ) 

Ten (10) tests were performed on Block #2 using two portable fluegas analyzer units Each of the 
tests were carned out at a different operating reglme in an effort to determine the effect on emission 
rates due to changes in unit load, excess combustion air vanations and overfire air vanations (air 
staging) The definition of the planned testing regimes and the protocol to be followed by plant 
operating personnel was submitted to, and approved by, the Chef Engineer pnor to the start of 
testing The planned test regimes are summanzed in the table below 

Test 
No 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Date, Description 
1996 

Reduced Load Baseline 
Testing 

Full Load Baselme Testing 

Full Load Excess Air Increase 

Full Load Excess Air 
Decrease 

Full Load OFA Evaluabon 

Full Load OFA Evaluahon 

Full Load OFA Evaluahon 

Full Load OFA Evaluabon 

Full Load Excess Air 
Decrease 

Load, 
MWe 

3 90 

450 

450 

450 

450 

450 

450 

45 0 

43 0 

4 

No of 
Mills in 

Operation 

5 

5 

5 

5 

5 

5 

5 

5 

5 

No of 
Burners ~n 
Operation 

20 

20 

20 

20 

20 

20 

20 

20 

20 

Oxygen 
Content at 

Economizer 
Inlet, % 

Bums and Roe Company 



10 04 1 1 A Full Load Excess Air 430 5 20 2 
Decrease 

For all tests, samples were taken from each of the two ID fan outlet ducts at existing sampling 
nozzles In addition to the emissions data recorded on the portable fluegas analyzers, plant operating 
staff recorded key operating parameters and fuel analysis for the power block dunng each test The 
test regimes, recorded emission levels and unit operating data are summanzed in Appendix A 

3 2 Test Methods and Instrumentat~on 

Flue gas testing was performed using battery powered portable flue gas analyzer umts purchased by 
USAID from the Land Combustion Company All measurements were taken at the outlets of the 
two (2) Induced Draft fan, "A" and "B" Dunng the testing the two LANDCOM 6500 m t s  (No 784 
and No 785) were identified as "Unit 1" and "Unit 2", respectively Unit 1 was always used to 
sample flue gas at Fan A and Unlt 2 at Fan B 

Whenever possible recording of emission data dunng each test was initiated after the unit had 
stabilized at the desired operating regme for 30 minutes Flue gas samples were taken by inserting 
the 3 meter probes into existing sampling ports in the ductwork leaving the ID fan 

The Land m t s  ( LANCOM 6500 ) were configured with five electrochemical gas sensing cells The 
gas sensor types and measurement ranges included were as follows 

s - w  Ranee 
CO ( low range ) 0 to 2000 ppm 

NO2 Oto 100 ppm 
NO 0 to 1000 ppm 

0 2  0 to 25% 
so2 0 to 1000 ppm 

Additionally, the units measure ambient temperature and flue gas temperature (using a Type K 
Thermocouple) The Land units were equipped with an internal pnnter, capable of providing a hard 
copy of recorded data, along with a senal communication (RS232) connection to allow the captunng 
of recorded data in database format for use on a personal computer The hard copy data readings and 
PC database information for the ten tests are included in Appendices E and F respectively 

The Land units have are pre-programed with fuel factors for 6 standard fuels or fuel factors may be 
entered for custom fuels The he1 factors affect the mstrument's calculations for CO,, excess air, 
and emission levels in lb/mBtu For the tests performed dunng this program fuel factors were 
entered for a custom fuel (referred to as "Fuel 1") based upon a coal sample analysis supplied by the 
plant staff at the start of testing The coal used dunng all tests was Elubastuz coal Even though coal 
samples were taken for each test, results of the analysis of these samples were not available until 
afier completion of the testing The fuel analys~s for Fuel 1 and calculated fuel factors based upon 
this analysis are as follows 
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Component 
C% by d 

Carbon 
Hydrogen 
Oxygen 
Nitrogen 
Sulfilr 
Moisture 
Ash 

Total 
LHV ( kcallkg ) 
HHV ( kcallkg ) 

Fuel Land Fuel 1 
E a r n  Presetvalues valuG 

@tu&al) 
CO, max 18 6 18 5 

K 1 061 06106 

K2 000300 000408 
F 10140 971 1 
Vo (dry)/Ao 0 96 0 96 

The selected w t s  of measurement dunng the tests were "ppm" Emssion values were recorded as 
a "dry" analysis Measurements recorded on the LANDCOM analyzers (hard copy pnnter output) 
are normallzed to 6% 0, Actual concentration values (uncorrected) are stored in the instrument 
along with the corrected data and are captured when data is downloaded to the PC(Append1x F) 

8 l h s  captured data is presented as corrected to 6% 0, (boldface) and without the 0, nonnal~zat~on 
factor applied 

The flue gas analyzers were calibrated at the start of each test day Cal~bratlon was performed uslng 
gas from a blended, hlgh pressure, gas cylinder supplied from Scott Specialty Gases The 
component gases in the blend were CO, NO, and SO, with a stated accuracy of + / - 2% 

3 3 Unit Operating Data 

a 3 4 Summary Of Test Results 

3 4 1 Emiss~ons of NOx and CO 

a As polnted out above, Block #1 was out of service at the time of the testing program Emission data 
collected previously suggests the following emission rates would be experienced when operating at 
the rated capacity (500 MWe) 

Component in Flue Emission, mg/Nm3 Emiss~on, gls 
Gas 
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NOx 800 - 1200 358 -537(*) 

* Assumes 100% conversion of NOx to NO2 

These emission values were not determlned dunng this study and are provided for the purpose of 
companson only 

Extensive testing was conducted in order to measure the emissions from Block #2 The data 
collected is descnbed and analyzed below A summary of the ten (10) Test Regimes investigated 
is presented in Appendix A Highlights of each of the tests are presented below 

Test 1 E k e h e  Qpemtmn at Reduced h a d  Testing was intended to evaluate the operation of the 
unit at normal (baseline) conditions With boiler operatmg at reduced load (390 MWe) however, 
oxygen content at the economizer inlet was found to be greater than normal (4 3% vs 3 0%) NOx 
emissions were measured at 450 ppm, corrected to 6% oxygen (920 mg/Nm3) while carbon 
monoxide was measured at 9 pprn These results at representative of a high combustion efficiency 
with excess oxygen present and are not considered representative of normal baseline operation 

Test 2 Basellne Q p m k m  at Normal EldU LOad An increase in boiler load to 450 MWe was 
accompmed by a reduction in excess oxygen to the normal control value of 3% Concentration of 
NOx was reduced to 309 pprn (633 mg/Nm3) demonstratmg the significant effect of excess oxygen 
on NOx formation CO production remaned low at 12 pprn Indicating a hgh  combustion efficiency 
Unfortunately, flue gas composition data collected at the discharge of the "A" fan were found to be 
nonrepresentative (20% oxygen), and have been discarded Only emission data from the "B" fan 
discharge is available 

Tests 3 and 4 -. Oxvgen lhmatmn Tests While operating at Normal Full Load (450 MWe), excess 
oxygen, measured at the economizer Inlet was vaned, bracketing the normal value of 3%, to 
determine the effect on NOx and CO production The results are summanzed as follows 

Test No Oxygen, % NOx, ppm COY ppm 
All3 

2 (Base) 3 0 309 -11 2 

Increasing excess oxygen content (Test 3) had the expected result of increasing the concentratlon 
of NOx, although by only a small amount when compared with the baseline value (Test 2) 
Reducing the excess oxygen (Test 4) had a significant effect on the concentratlon of NOx The 
average value of NOx was found to be reduced to 25 1 pprn (5 15 mg/Nm3), about 20% Measured 
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NOx 800 - 1200 358 -537'*' 

* Assumes 100% conversion of NOx to NO, 

These emission values were not determined dunng this study and are provided for the purpose of 
companson only 

Extensive testing was conducted in order to measure the emissions from Block #2 The data 
collected is descnbed and analyzed below A summary of the ten (10) Test Regimes investigated 
is presented in Appendix A Highlights of each of the tests are presented below 

Test 1 Basellne f&a&cm at Reduced Load Testing was intended to evaluate the operation of the 
unit at normal (baseline) conditions With boiler operating at reduced load (390 MWe) however, 
oxygen content at the economizer inlet was found to be greater than normal (4 3% vs 3 0%) NOx 
emissions were measured at 450 ppm, corrected to 6% oxygen (920 mg/Nm3) whle carbon 
monoxide was measured at 9 ppm These results at representative of a high combustion efficiency 
with excess oxygen present and are not considered representative of normal baseline operation 

Est 2 - Basellne Clpemhm at Nonnal E d l  h a d  An Increase in boiler load to 450 MWe was 
accompamed by a reduction in excess oxygen to the normal control value of 3% Concentration of 
NOx was reduced to 309 ppm (633 mg/Nm3) demonstrating the sigmficant effect of excess oxygen 
on NOx formation CO production remaned low at 12 ppm Indicating a high combustion effic~ency 
Unfortunately, flue gas composition data collected at the discharge of the "A" fan were found to be 
nonrepresentative (20% oxygen), and have been discarded Only emission data from the "B" fan 
discharge is avalable 

Tests 3 a d  4 - Oxvgen Vanatlnn Tests While operating at Normal Full Load (450 MWe), excess 
oxygen, measured at the economizer inlet was vaned, bracketing the normal value of 3%, to 
determine the effect on NOx and CO production The results are summanzed as follows 

Test No Oxygen, % NOx, ppm CO, ppm 
A ,  

2 (Base) 3 0 309 -112 

Increasing excess oxygen content (Test 3) had the expected result of increasing the concentration 
of NOx, although by only a small amount when compared with the baseline value (Test 2) 
Reducing the excess oxygen (Test 4) had a significant effect on the concentration of NOx The 
average value of NOx was found to be reduced to 25 1 ppm (5 15 mg/Nm3), about 20% Measured 
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concentrations of CO were inconsistant however w~th flue gas discharge from the "A" fan containing 
an average of 750 pprn while flue gas measured at the "B" fan discharge contamed an average of 
only 23 pprn (with NOx concentration of 258 ppm) Thls investlgatlon suggests that fuel and air 
flow are not properly balanced and that improved operation would be expected if these flows could 
be controlled more precisely 

Tests 5 ,6 ,2  and 8 Effect dovexfire Au- h t i a l  tests were conducted with the overfire air control 
damper inthe normal position, +15% Tests 5 - 8 were conducted to determme the effect of diverting 
combustion alr to the furnace overfire air ports, reducing the quant~ty of air available In the 
combustion zone Boiler load d u n g  the four tests averaged 453 MWe (baseline value) while the 
oxygen content of the flue gas at the inlet to the economizer averaged 3% The test results are 
summanzed below The baseline test (Test 2) is included for companson Measured vanations 

Test No Oxygen, % 

7 2 7 

8 3 1 

2 (Base) 3 0 

OFA Damper NOx, pprn 
Position, % 

+ 30% 247 

+ 50% 270 

0 295 

+ 75% 269 

+ 15% 309 

Increasing the amount of air flow to the overfire air ports, all other vanable being equal, would be 
expected to reduce the concentration of NOx in the flue gas, possibly accompanied by an increase 
in the production of CO As evidenced by the data presented in the table however, the position of 
the overfire an- damper had l~ttle or no impact on NOx production The average NOx concentration 
for the 5 tests was found to be 280 pprn (570 mg/Nm3), with the individual test results within 10% 
of thls average 

m l e  no sipficant d~fference was observed between the NOx concentration in the flue gas exiting 
the two fans, CO measured values were s~gnificantly higher at the discharge of the "A" fan As 
descnbed above, this suggests improved fuellair distnbutlon is reqmred 

Although the data indicate that vanation of the overfire air damper has no effect on NOx emissions, 

it should be remembered that measurements of actual air flows were not c m e d  out and it is possible 
that damper position has M e  or no effect on the d~stnbution of an- between the combustion zine and 
the overfire a r  ports 

Iesh 4 and II) I Addltlonal Qxvgen Tests Two additional tests were conducted to 
evaluate the effect of excess oxygen on the generation of NOx In these tests the oxygen at the 
economizer inlet was reduced significantly below normal operating levels For Test 9, oxygen in 
the flue gas was reduced to only about 0 7% This had a significant impact on NOx generation, 
reducing the measured values to only 165 ppm, a greater than 45% reduction fiom the baseline value 
(Test 2) Of course, the reduction m combust~on air resulted in a significant increase in CO 
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* 
production, wth  CO concentrations reaclung 1500 to 3000 ppm Operation of the combustion 
system at t h s  condition was investigated for only a short penod of time 

Based on the very hgh CO production m Test 9, ax flow was Increased to an average value of 1 6% 
at the economizer inlet for Test 10 Measured emissions were almost identical to those recorded 
dwng Test 4, which was also designed to investigate the effect of excess air on NOx production 
Results from Test 10 are compared with those kom Test 4, and with the Baseline test, in the Table 
below 

Test No Oxygen, % NOx, ppm CO, ppm 
An3 

4 1 8  25 1 750123 

2 (Base) 3 0 309 -112 

The average value of 250 ppm (5 10 mg/Nm3) is about 20% below the Baselme Test (Test 4) and 
about 10 % below the average of the 5 tests conducted at an excess oxygen content of 3% * 
During the testing penods, samples of both fly ash and bottom ash (slag) were collected and were 
analyzed be the Station laboratory to determine the unburned carbon content since t h s  is a good 
mdication of combustion efficiency in the furnace Results are summanzed below 

Sample Date Test No Carbon Content Carbon Content Average 
of Fly Ash, % of Slag, % Nox, PPm 

It is clear kom these analyses that as excess oxygen content is reduced, reducing NOx production, 
carbon on ash mcreases, reducmg overall boiler efficiency 
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An analysis of the test data suggest that Boiler #2 can beoperated in a stable mode limitmg NOx 
emissions to less than 3 10 pprn (635 mg/Nm3) wh~le llrniting overall CO product~on to less than 150 
pprn (average) since these results were obtained in all tests where the economizer inlet oxygen 
content averaged between 2 7 and 3 3% Since the average NOx emission was only 280 pprn (574 
mg/Nm3), a value of 3 10 pprn (635 mg/Nm3) provides sufficient margm for estimation of maximum 
mass emissions from the boiler 

From the results of these measurements it is possible to est~mate the mass emissions of from the 
boiler Operation at design capacity (5OOMWe) with a heat input of about 1,100 GcaVhr would 
result in the following mass emission rates 

Component in Flue Emission, mg/Nm3 Em~ssion, kgls 
Gas 

NOx 

CO 150 6 7 
* Assumes 100% conversion of NOx to NO, 

These values compare favorably with the 1996 - 1997 emission limits 

3 4 2 Emission of Sulfur Oxides 

Unlike the generation of Nitrogen Oxides which depend to a great extent on the condition of 
combustion, emissions of sulfur dioxides (SO,) is essentially a function of fuel sulfur content and 
can readily be predicted from fuel analysis Estimated emissions fiom Block #1 have been presented 
previously in Section 3 4 1 For Block #2, SO, concentrations were measured by the Land analyzer 
d u n g  each of the ten (10) tests descnbed above and the results are reported in the Appendix 

SO, concentration m the flue gas was found to vary considerably dunng the testmg penod, from a 
low of 532 pprn (1520 mg/Nm3) dunng Test 1 to a high of 940 pprn (2690 mg/Nm3) dunng Test 5 
The measured emission value of 1520 mg/Nm3 would be expected when finng a coal with a sulfbr 
content of 0 43% (3840 kcalkg LHV), whle the emission value of 2690 mg/Nm3 would be expected 
when finng a coal with a sulfur content of 0 7% (3506 kcalkg LHV) Data fiom three (3) coal 
samples collected dunng Tests 1-3, had sulfur contents ranging fi-om 0 32% to 0 47% Sulfur 
content of the fuel dunng later tests was not determined 

From the results of these measurements ~t is possible to est~mate the mass emissions of SO, fiom the 
boiler Operation at design capacity (5OOMWe) with a heat input of about 1,100 Gcallhr would 
result in the following mass emission rates 

Component in Flue Emission, mg/Nm3 Emission, kgfs 
Gas 
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The greater value (1,200 kg/s) exceeds the Allowable Emlsslon Llmit (AEL) for SO, Calculations 
mdicate that when finng a fuel with a heating value of 3,400 kcallkg, fuel sulfur content would be 
limited to about 0 65% to achieve the required emission lim~t 

3 4 3 Emissions of Particulates 

Since particulate matter (fly ash) is not of uniform composition and slze and is not uniformly 
distnbuted in the flue gas, special methods and special equipment is required to determine the 
composition of fly as in flue gas VostokEnergoGasoOchistka, an enterpnse specializing in such 
testing was retained to perform these tests at Elubastuz Several ash emission tests were conducted 
at the discharge of Block #1 electrostatic precipitators (ESPs) 

Four sets of particulate emlssion test data were collected at the outlet of each of the two electrostatic 
precipitators on Block #1 Dunng each test, three (3) sets of ash concentration measurements were 
made at each ESP outlet Isolunetic sampling from a 24 point mahx m the ESP outlet duct ensured 
that measurements of ash concentrations would be representatwe A discussion of the test program, 
drawngs describing the ductwork configuration and the test locations, boiler operating conditions 
and the test results are provided in a report by the testing orgaruzation attached as Appendix xxx 
The test conditions and results are surnrnanzed below 

Test No 

Boiler Load, MWe 

Ash Collection Equipment 
in Operation 

Ash Loading to System, 
k g h  

Ash Loading from System, 
k g h  

Ash Collection Eff , % 

Ash Emissions to Stack, 
mg/Nm3 

1 

400 

Wet Scrubber 
+ ESP") 

l2O,77 1 

Wet Scrubber Wet Scrubber Wet Scrubber 
Only + ESP") + ESP") 

(1) Boller is equipped with two (2) ESPs (A and B) Each is powered by eight (8) electrical fields Dunng testing, only 
two (2) fields on ESP A and five (5) fields on ESP B were m operatron and the majonty of the fields on ESP I3 operated 
only at p m a l  power 

A companson of Test 1 (ESP on) and Test 2 (ESP off) dust collection efficiencies confirm that the 
wet scrubber is the pnmary dust collection device and that the ESP is barely funct~onal (apparent 
dust collection efficiency of about 60%) The data also confirm that particulate emlsslons are at least 
1,430 mg/Nm3, almost 30 times greater than the international standard of 50 mg/Nm3 
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Test data collected at reduced operating loads show poorer dust collection efficiency Thls is not 
unexpected since the wet scrubber dust collection efficiency would be expected to decrease as flue 
gas velocity in the scrubber is decreased 

Flue gas measurements dunng testmg also indicated a significant inleakage of air into the dust 
collection system Excess an- concentration at the inlet to the scrubber was found to average about 
1 33 while excess air at the ESP outlet was found to range from 1 6 to 1 73 This Indicates air 
leakage on the order of 28 to 38% The cause of the excessive alr inleakage at the scrubber and the 
ESP is corrosion of the equipment and connecting ductwork which permits air to leak into the 
system 
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4 0 WATER TESTING 

The mvest~gat~on of water supply and wastewater sources was carried out In 
conjunct~on w~th the operat~ng program, developed w~th the partlcipatlon of Eklbastuz 
stat~on personnel and author~zed by the Ch~ef Engmeer of the fac111ty 

Wastewater sources wh~ch were lnvest~gated as part of the prototype fac~hty test~ng 
program are as follows 

C~rculatmg Water Pond, 
Ash Pond (Lake Karasor), 
Water Treatment Plant Fmal D~scharge (Neutrahzed), 
C~rculatmg Water Intake Channel, 
C~rculatmg water Outfall Channel 

The followmg water supply source was mvest~gated as part of the prototype fac~l~ty 
testing program 

Irtysh-Karaganda Channel (R~ver supply channel to c~rculatmg water pond) 

Durmg the invest~gation, the team was gulded by the followmg documents 

" Rules For Surface Water Protectlon of The Republ~c of Kazakhstann (RND 
1 01 03-94, Almaty, 1994), 

"The lnstruct~ons on Surface Water and Wastewater Samplmg for Chemlcal 
Analyslsn (Almaty 1994), 

The lnternat~onal Standard IS0 5667 (from 1-82 through 4-87), lncludmg Gu~dance 
for Comp~lmg Sampllng Programs, and Methods of Samplmg from Natural and Art~f~c~al 
Sources, 

GOST 17 1 5 04-81 " Nature Protect~on A Hydroorb Gear and Dev~ces for 
Samplmg, Pr~mary Handlmg and Storage of Natural Water Samples," 

GOST 17 1 5 05-85 " Nature Protect~on A Hydroorb The Common Requirements 
for Surface and Marme water, Ice and Atmospher~c Prec~p~tat~on " 

World Bank - Env~ronment, Health and Safety Gu~del~nes for Thermal Power Plants 

Wastewater samples were taken In turbulent streams on rect~llnear segments of 
d~scharge pomts, outs~de of the stagnat~on zone, and at the pomt just prior to 
wastewater d~scharge mto the recelvmg water body 

At the c~rculat~ng water pond, samples were taken, on the pond wlthln 150m of the 
outfall channel, on the far shore oppos~te the outfall channel, In the m~ddle of the pond 



at the surface and at depth Pond sampling was conducted with the use of a boat 
provided by the power plant 

Water sampling of the Irtysh-Karaganda Channel was conducted at a hydrometric 
bridge pump station which forms the second lift of the Channel 

F~eld analysis of water was conducted with the portable water analyzer " Solomat" 
which was prov~ded to the project by USAlD The follow~ng indices were measured in 
the field conductivity, dissolved oxygen, ammonium, nitrate, pH, turbidity, and 
temperature 

Laboratory analysis was conducted on water samples retrieved from the ash pond and 
the lrtysh-Karaganda Channel for the following indices hardness Ca and Mg), pH, I+ alkal~nity, turbidity, oxidizability, and content of ions (SIO", ~ e * ,  Cu , ca2', Mg ', CI, 
NOs, and NO2 

Laboratory analysis was conducted on water samples retrieved from the circulating 
water pond for the following indices temperature, pH, COD, dissolved solids, NH4, 
NOs, NO2,  PO^^+, suspended solids, BOD and dissolved oxygen 

Specially prepared polyethylene containers were used to transport samples to the 
laboratory for analysis Since the samples were analyzed within 3 hours of the 
sampling event, the samples were not preserved 

4 2 Testrng Equrpment 

A water quality monitor equipped with a multichannel water quality probe was used for 
the field investigations at Ekibastuz No 2 The portable instrument can also be 
configured for use in a laboratory setting with additional sensors 

4 3 Test Results 

Tables - and - represent results obtained with the portable water analyzer 
Tables - through - represent results obtained from the Ekibastuz No 2 analytical 
laboratory The results obtained with the portable water analyzer for ammonium, nitrate 
and dissolved oxygen should be viewed as unrepresentative of actual field conditions 
Stable field readings for these parameters were difficult to achieve and there were 
difficulties in calibrating the device for these parameters Factors which may have had 
an influence on the questionable results are the low ambient temperatures encountered 
in the field and the quality of in-house prepared calibration solutions 

Upon review of the qualified data taken together with the data provided by the 
analytical laboratory, the measured values are equivalent to the historical norms which 
have been measured at the facility None of the reliably measured water quality values 



at Ek~bastuz No 2 exceeded regulatory l ~ m ~ t s  J Doyle note The suspended solids In 
the " mvsterv sample" of 67 5 maA IS above the World Bank Gurdance of 50 mc?A Thrs 

& IS the only sam~le which exceeded World bank Guidance criteria 



5 0 PROTOTYPE MODIFICATION PLAN 

Block #1 

Boiler #1 is opposed-wall, honzontally fired, with 24 swirl type, single reglster burners ( 2 honzontal 
rows of 6 burners on each wall ) each with a separate secondary air duct (I e - no common windbox) 
The heat Input per burner is 45x106kcaVh There are no overfire air (OFA) nozzles installed NOx 
emissions have been est~mated at 800 - 1200 mg/Nm3 The follow~ng boiler modificatons are 
recommended 

1 Dismantle and remove all 24 existing swirl type single register burners Replace these 
burners with 24 double regster burners Burners of t h s  type are available fi-om Babcock & Wilcox 
Company and Foster Wheeler (FWEC) m the USA, fi-om Mitsui Babcock in the UK, from Deutsche 
Babcock and Steinrnueller in Germany 

2 Retrofit 12 (2 honzontal rows of 6) overfire air (OFA) registers into newly created furnace 
tube opemngs The new OFA regsters to be supplied with air by new ducting Location (elevation) 
of the new OFA registers to be optimzed, preferably by computer modeling (CFD) to minimize CO 
and unburnt carbon in flyash 

3 Retrofit a FWEC style Boundry Air System into the lower furnace to combat the adverse 
effects associated with a reducing atmosphere This System provides an oxygen nch atmosphere 
at the surface of the walls in the furnace combustion zone Small amounts of secondary air are 
admitted through slots, between the tubes, across the entire hmace width and into the burner zone 
throgh ports located m the lower corners of each finng wall 

4 Control of a Low-NOx finng system requires appropnate instrumentation to permit the 
control of both total an  flow (excess oxygen) and the distnbution of the air Defective economizer 
inlet oxygen analysers should be replaced to allow more precise control of combust~on alr In 
addition, CO analyzers should be installed to ensure efficient combustion A complete boiler 
emission momtonng system, measmng NOx, CO and SO, would be a great advantage in controling 
emissions and demonstating complience with emission limits 

5 Control of a Low-NOx finng system also requires capability to make on line adjustments to 
valves and dampers controlling the flow of air to the OFA system, since optimum NOx reduction 
will vary with operating load Some degree of automatic control of air distnbution should be 
considered 

6 The application of a Low-NOx combustion system may result in an increase in unburnt 
carbon In flyash Replacement of the 6 centrifugal mill classifiers wlth dynamic mill classifiers 
should be considered only if such problems anse in the operation of the new combustion system 

It is anticipated that these major furnace combustion modifications will reduce NOx emissions by 
approximately 55% to a maximum discharge concentration of 540 mg/Nm3 This emission limit 
meets both the World Bank recommended standard (650 mg/Nm3) and the Ekibastuz Station #2 
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emission limit (AEL) Additional information descnbing the recommended equipment is presented 
in Appendix xxx 

Block #2 

Boiler #2 has a tangentially fired, Low-NOx, pulvenzed coal finng and bulk furnace air staging 
(OFA) system with 24, pnmary a~rlpulvenzed coal, fixed nozzles ( 3 honzontal rows of 4 burners 
on each wall ) w ~ t h  one finng circle in each of the two furnace cells Each coal nozzle IS equipped 
with a separate secondary a r  duct (1 e - no common windbox) The heat input per main coal nozzle 
is 45x10~ kcalth 

The secondary air nozzle of each man  coal nozzle is arranged so that it contnbutes to the formation 
of a large diameter, concentnc combustion arflow "circle" in the vicinity of the furnace tubewalls, 
creating a local ox~dizing atmosphere for the prevention of localized slag-type wall deposits and tube 
metal corrosion attack A control damper is provided m the secondary air flow to each burner This 
damper was designed to allow a portion of the secondary air flow to be d~verted and used to form 
the large diameter concentnc a~rflow "circle" The majonty of the secondary airflow, combining 
w ~ t h  the pnmary air/pulvenzed coal mixture, contnbutes to the generation of a smaller diameter 
"finng circle" Due to heat radiation damage to these control dampers, a decision was made to 
discontinue use of the diverted secondary a r  flow stream At the time of testing these ports had been 
bncked over thus lim~ting the Low-NOx performance of the combustion system Bulk furnace air 
staging is accompl~shed by adjustment of the overfire air dampers 

Recorded NOx emissions dunng the recent testing program ranged to a maximum of 450 ppm (920 
mg/Nm3) dunng the reduced load baseline test, presumably due to high excess oxygen in the 
combustion zone Operation at full load, under controlled excess oxygen suggest that Boiler #2 can 
beoperated in a stable mode limitmg NOx emissions to less than 310 ppm (635 mg/Nm3) while 
limiting overall CO production to less than 150 ppm (average), since these results were obtained in 
all tests where the economizer inlet oxygen content averaged between 2 7 and 3 3% Since the 
average NOx emission was only 280 ppm (574 mg/Nm3) dunng thls testing program, a value of 3 10 
ppm (635 mg/Nm3) prov~des sufficient margln for estimation of maximum mass emissions from the 
bo~ler The following bo~ler modificatons are recommended 

1 The finng system installed on Block #2 is considered state-of-the-art Its type and principles 
are quite sim~liar to the ABB Low-Nox Concentnc Finng System (LNCFS) which has been 
demonstrated to achieve acceptable NOx emissions The design of this system should be retained 
with certain modifications 

2 Causes of the failure of the secondary air control system should be investigated and 
modification made accordmgly to achieve a more effectwe distribution of combustion air and 
secondary alr in the concentnc finng circle 

3 The design of the Overfire Air control system should also be invest~gated Test data suggest 
that adjustments to the OFA damper positions have essentially no effect on the flow of air to these 
ports Pressure and flow measurements can easily identi@ the cause(s) of any OFA control 
problems 
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4 Control of a Low-NOx finng system requires appropnate instrumentation to permit the 
appropnate control of both total air flow (excess oxygen) and the distnbution of the air Defective 
economizer inlet oxygen analysers should be replaced to allow more precise control of combust~on 
air In add~tion, CO analyzers should be installed to ensue efficient combustion A complete boiler 
emission momtonng system, measunng NOx, CO and SO, would be a great advantage in controling 
emissions and demonstating complience with emlssion limits 

5 Control of a Low-NOx finng system also requires capability to make on line adjustments to 
valves and dampers controllmg the distnbut~on of cornbust~on air, since optimum NOx reduction 
will vary with operating load Some degree of automatic control of air d~stnbution should be 
considered 

It is antmpated that these relatwely inexpensive modifications and improvements w ~ l l  reduce NOx 
emissions by at least 20% to a maximum discharge concentration of 5 10 mg/Nm3 This emission 
limit easily meets the World Bank recommended standard (650 mg/Nm3) and also the Ek~bastuz 
Station #2 emission limit (AEL) Additional information descnbing the recommended equipment 
is presented in Appendix xxx 

Particulate emission control for each boder consists of four Ventun Scrubbers (Model MMK 4x217) 
followed by two, four-field Electrostatic Precipitators (ESP's) positioned upstream of the two ID 
fans per boiler The design ash collection effic~ency was 99 5% The wet stage of the ash collection 
system was intended for partial collection of ash (about 92%) and improvement of the flyash 
properties (ash resistivity) for improved EPS performance 

Dunng imtial testmg of the ash collection systems, ( following commissioning ), the ash collection 
efficiency was determined to be 98 77% on Block #1 and 99% on Block #2 However, since 
commissioning the efficiency of the ash collection systems have detenorated significantly due to 
ESP corrosion, excessive Ventun wear, and Scrubber blockage At this time the ESPs on both 
boilers are in such poor mechanical cond~t~on that they have l~ttle ~f any collection efficiency 
Essentially all dust collection is now accomplished by the scrubber whch has been found to operate 
with a collection efficiency of less than 95% Measured emissions ranged from 1,400 to 2,100 
mg/Nm3 dunng recent testing of the combined system on Block #1 

A detailed review of the onginal system design mdicates that there is no successful industry 
expenence with such a system While the concept of conditioning of ash to improve res~stivlty is 
well known, and increasing flue gas moisture content has been demonstrated to effectively reduce 
resistivity, such a system is very difficult to design and operate since substantial cooling of the flue 
gas below the acid dew point or the presence of liquid water droplets, leads to substantial corrosion 
of the electrostatic precipitator, whch is constructed only of carbon steel The ash collection system 
designed and mstalled at this station suffers fi-om both of these problems and its operation has 
resulted in severe corrosion of both the ESPs and the ductwork Accordingly, a complete 
replacement of thedust collection system is recommended 
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A number of potential partlculate control alternatives are available for both coal and mazut fired 
boilers These include both "dry" technologies such as 

Cyclones (and Multiclones) 
Electrostatic Precipitators 
Fabnc Filters (Baghouses) 

and "wet" technologies such as Wet Scrubbers (including ventun scrubbers) Advantages and 
disadvantages of these technologies, their effectiveness and relative costs information are descnbed 
later in this document When considenng selection of the most effective emission control 
technology it should be remembered that a sipficant fractlon of fly ash produced fiom a pulvenzed 
coal boiler is less than 10 micron in size (Exhibit 1 2-1) 

W l e  wet scrubbing systems were utilized in the past for particulate control, their very hgh pressure 
drop, large fresh water demand, associated corrosion problems and asWwaste water disposal 
concerns have essentially eliminated them from consideration when constructing a new coal fired 
boiler Since cyclones lack the capability to recover fine particulate matenal from the flue gases, 
they are also no longer considered for pulvenzed coal applications In fact, Western technology 
utilizes either electrostatic precipitators or fabnc filters almost exclus~vely for the removal of fly ash 
from coal fired power plant flue gas Cyclones or Multiclones have been applied to mazut fired 
boilers however and may be considered where reduction ln partlculate emissions from such stations 
are required 

The basic pnnciples of electrostatic precipitation is descnbed below 

Ash particles are (negatively) charged by electnc current 
Current is applied by electncally charged wires or rods 
Stronger electnc current @gher voltage) increases collection efficiency so maximum 
voltage is desirable 

Particles migrate, or dnft, toward the grounded collection plate due to the effect of the strong 
electncal current 

Migrabon velocity is function of particle diameter Large particles migrate at greater 
velocity and are therefore collected more easily 
Fly ash chemical properties also impact the particle collection efficiency 

Particles are dislodged from the collection plate and fall to the bottom of the electrostatic 
precipitator where they are collected for disposal 

These pnnciples are descnbed in more detail in Exhibit 1 3-1 

Both mechanical deslgn features and fly ash charactenstics have a major effect on the collection 
efficiency of an electrostatic precipitator 

Ash concentration (mg/Nm3) has a significant impact High inlet dust loading makes lt 
difficult to achieve high voltage on the initial electncal fields of the ESP 
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Chemical composition and ash resistivity also have a major effect Resistivity is resistance 
(ohm-cm) of a cube of fly ash one cm on each side 

Temperature has a major effect on resist~vity Resistivity is usually maximum 
between 140 C and 200 C 
Optimum resistivity is 1 O9 to 101° ohm-cm Normal fly ash resistivity is 10" to 1 012 
ohm-cm or, in some cases even higher (1 013 ohm-cm) 

Absorbed acid (SO,) and water on the ash surface reduce resistivity and improve collection 
efficiency Low sulfur coals do not benefit from this improvement 

High resistivity ash limits useful power consumption, reducing the migration 
velocity 
Low resistivity (high conductivity) ash limits the ability of the ash particle to hold 
a charge and collect on the collection plates This is not usually a problem with fly 
ash 

Key design vanables of the ESP are surnrnanzed below 

Gas volume a d  f l m ~  pilth ma Flue gas velocity through the ESP Normal design velocity 
i s 1 t o 1 5 d s  

Collecting electrode area. Specific collection area is total area of all collection plates (both 
sides) per unit quantity of flue gas volume flow ( ~ ~ / ~ ~ / s e c  (A/V) The area can be 
increased as required to reach the necessary efficiency 

Aspect ram Length of collecting plate - Plate height Normal design value for high 
efficiency is at least 1 5 ratio 

Number nfelectncal fields (sections) is also important Number of independent sections 
allows optimum voltage for each section Maximum voltage means maximum efficiency 
Also increases reliability 

General terminology applied to the ESP is shown in Exhibit 1 3-2 while Exhibit 1 3-3 identifies 
some of the basic terms applied to the mechanical design of the ESP 

Highlights of the mechanical design features incorporated in a modem Western design ESP are 
illustrated in the Exhbit 1 3-4 provided by the General Electnc Company These features include 

b g d l y  mounted twisted bar Discharge Electrodes supported in a tubular mast assembly 
T h s  provides un~form corona discharge with hgh  voltage-low current charactenstics along 
with high reliability 

Rig~d-Frame Collecting Plate, up to 14 6 meters in height, provide the surface for 
collection of the charged ash particles Plate spacing is normally 305 rnrn or 405 mm (center 
to center) Ths  integrated panel design is produced in plate lengths from 1 8 meters to 2 7 
meters The "roll formed profile" provides a quiescent flow zone directly opposite the 
discharge electrodes to improve efficiency 
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External ash removal Rapping System utilizes roof mounted md~vidually controlled, h~ghly 
sect~onahzed electromagnetic impact rappers which features on-line intens~ty and rapping 
frequency controls for opt~mum performance 

Casing design featunng Sneakby Baffles in the roof, the ash hoppers and at the sides to 
prevent ash contaming flue gas from bypassing the electncal fields Bypassing can have a 
sign~ficant impact on the ab~lity to achieve dust collection effic~enc~es in the range of 99 9 
% 

Multiple F~elds in the direct~on of gas flow will improve the performance of the ESP by 
allowing appl~cat~on of optimum voltage to each field A high effic~ency ESP may have 
some 6 to 8 independent electncal fields in each cell In addition, increasing the number of 
fields reduces the effect on collection efficiency caused by an electncal failure to a single 
field 

A typical Western design, for a high efficiency ESP has also been provided by the General Electnc 
Company for a 500 MWe monoblock boiler finng low sulfur, high ash coal The design and 
performance charactenstics are presented in Exh~bit 1 3-5 Each of the e~ght field ESP's is powered 
by 16 independent transformer-rect~fier sets Also of interest are the overall d~mens~ons of each 
48,800 m2 precip~tators Each contams about 30 % greater plate area than the Type 3 -4-265 -04 
ESP's presently installed on s~milar slze boilers m Kazakstan, while occupymg almost the same plot 
area 

Flue gas condit~onmg can reduce collect~on plate size sign~ficantly by reducing the resistivity of the 
fly ash Flue gas conditioning, util~zes the addition of a small amount of SO, (less than 10 ppm) 
whch depos~ts on the surface of the ash as sulfunc acid This technology has been w~dely appl~ed 
in Western countries and is especially effectwe when low ash collection efficiency is the result of 
finng low sulfur coal (high resistivity ash) Application of this technology requlres a source of 
elemental sulfur, either in molten or granular sol~d form to be utilized for the production of the 
requ~red SO, The cost and availabil~ty of sulhr is important to cons~der when t h ~ s  technology IS 

under investigation 

The technology IS descnbed m detad by one of the suppl~ers of the conditionmg systems, Wahlco 
(Exhb~t  1 4-1) It is often applied in cases where the sulfur content of the fuel fired has been 
reduced to meet sulfur dioxide emisslon limits and ESP performance has been adversely ~mpacted 
It is est~mated that flue gas cond~tiomng can reduce the collection plate area required to achieve a 
specific efficiency by as much as 30 to 40 % 

Highlights of fabnc filter technology are presented in Exhibit 1 5-1 As descnbed in the 
Introduction, fabnc filters represent the most versat~le technology for the removal of solid particulate 
matter fkom a gas stream No particle is too large and few are too small for effic~ent collect~on and 
the technology is most effectwe when cleamng particulate matter w~ th  a wide range in particle size 
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distribution Selection of the fiber matenal and construct~on type (woven or felt) IS of great 
importance in the application of this technology since the dust is to be removed from a hot, 
potentially corrosive flue gas stream A listing of modem fibers and then- properties is presented in 
Exh~bit 1 5-2 

Removal of particulates from an- by fabnc filtration is a well established technology which has been 
applied to bo~ler flue gas for the past 15 - 20 years The filtration process is descnbed In Exhibit 1 5- 
3 

Fabnc filtration methods are categonzed by the type of bag cleaning which, in turn is determined 
by the flow of flue gas through the fabnc bag When "dirty", flue gas containing ash flows into the 
bag and the dust is collected on the inside surface of the bag the method is referred to as Reverse Gas 
filtration Bag cleamng is accomplished by directing a "reverse flow" of clean flue gas to the outside 
of the bag, causing the bag to partially collapse and the collected dust to fall Into the hopper below 
a necessary feature of such a system is the requirement that the flow of dirty flue gas be discontinued 
dunng the reverse gas cleaning Key features of this system are descnbed in Exhib~t 1 5-4 

An alternative bag arrangement features the collection of dust on the outside of the filter bag with 
the flue gas flowing fiom the outside to the inside This design requires the bags to be supported on 
wire cages to prevent collapse d u n g  normal filtration Cleanmg of the bags may be accomplished 
by applymg a short "pulse" of air to the inside of the bag, causmg the bag to expand slightly away 
from the surface of the wire cage and the dust to be shed from the outside surface Since this pulse 
is applied for less than one second, and the an- is at a higher pressure than the flowing flue gas, ~t is 
not necessary to d~scontinue the flow of dirty flue gas dunng the cleaning operation Key features 
of this Pulse Jet system are descnbed in Exhibit 1 5-5 

Filter design and sizing issues are discussed in Exhbit 1 5-6 Reverse gas fabnc filters typically are 
sized to provide a flue gas to fabnc surface ratio of 0 01 cubic meterslsecond per square meter of 
cloth (0 01 meterslsec velocity through the cloth) Since cleamng is c m e d  out without flue gas flow 
in the compartment being cleaned, ths  ratio is applied to thewnet" surface area available for cleaning, 
not the total, or "gross" surface area In the past, reverse gas filtration was the technology of cholce 
for new power plants applying fabnc filter ash collection 

Pulse jet fabnc filters operate at h~gher velocities (0 02 meterslsec ) and so requlre less cloth area 
Since they are cleaned whle in operation, no adjustment in area is required to account for the bags 
being cleaned This results m a considerable reduction in filter size (plot area) and cost and the pulse 
jet design has recently become the technology of choice for utility applications, especially in retrofit 
situations 

Each filter bag m a pulse jet installation would be 6 to 7 meters in length with a dlameter of about 
1 10 rnrn, providing a surface area of about 2 2 square meters A 500 MWe boiler, discharging over 
3 million cub~c meters per hour of flue gas, would require some 44,000 square meters of filter 
surface area or about 20,000 mdividual filter bags These filter bags would be arranged in individual 
compartments within a number of fabnc filter casmgs The estimated plot area requ~rements for 
such a design would be sign~ficantly less than that of a hgh  efficiency electrostatic precipitator (less 
than 1,200 square meters) with sigruficant flexibility in the arrangement of the compartments Dust 
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collection efficiency would, of course, exceed that which could be achieved with any electrostatic 
precipitator 

The relatively small plot area requ~rements and the flexibil~ty m arranging the fabnc filter 
compartments has led to the consideration of the retrofit of fabnc filtration system into the existmg 
casing of a low efficiency electrostatic precipitator and several such retrofits have been successfully 
demonstrated Exhibit 1 5-7 descnbes the such a retrofit to the 350 MWe Munrnorah station In 
Australla where fabnc filter bags replaced the mternals of the exlstlng electrostatic preclpitator 
whlch had a collection plate area of less than 80 square meterslcubic meter per second flue gas flow 
While such a retrofit should be senously considered where electrostatic precipitator efficiency is 
unsatisfactory, its application requires that the existmg precipitator caslngs be in good physical 
condition and that the system is capable of operating wlth the increase m flue gas side pressure drop 
(150 mm water) requ~red to operate a fabnc filter system 

Increasmg pressure to reduce particulate emissions from existing coal fired boilers equipped with 
electrostatic precipitators has resulted in the development of a new approach combining the 
f%nctiomng electrostatic precipitators w~ th  a retrofit fabnc filter system T h s  technology, Compact 
Hybnd PArt~culate Collector (COHPAC) involves the installation of a Compact Pulse Jet Fabnc 
Filter downstream of the operating ESP to act as a particulate "polishmg" or performance enhancing 
device Where the existing ESP removes a significant portion of the fly ash from the flue gas, and 
only a relatively small amount remams to be removed, the pulse jet fabnc filter bags can be sized 
for sigmficantly hgher flue gas velocity than where a full dust cake IS to be collected on the fabnc 
surface 

The COHPAC concept has been demonstrated on a full size 574 MWe llgnite boiler m the US and 
a description of the application is provided in Exh~bit 1 6-1 The reduced ash loading allows the flue 
gas velocity through the fabnc to be increased from the typical value of 0 02 meterslsec to as high 
as 0 06 meterslsec , reducing the number of filter bags required by a factor of 3 Economic 
evaluations have suggested that this approach is more cost effective than either adding an addit~onal 
electrostatic prec~pitator, IS senes with the existing one, or replacing the ESP entirely with a new 
pulse jet fabnc filter As in other applications where fabnc filter technology is considered, the 
higher gas side pressure increase may require replacement of the existing boiler ID fans 

For the cases under consideration in Kazakstan, where outlet ash concentrations from the existing 
dust collection equipment exceed 2,000 mg/Nm3, or where the flue gas contains moisture fi-om the 
wet dust collect~on system, it is unlikely that the COHPAC technology could be successfully 
appl~ed 

The World Bank has completed a preliminary investigation of alternative particulate control 
technologies and has concluded that dry dust collection technologies, utilizing either electrostatic 
precipitators or fabnc filters, are preferred (Exhibit 1 7-1) Both technolgies can ach~eve the low 
emission level required to meet stnct emission standards Investment and levelized operating cost 
compansons (Exhibit 1 7-2) suggest that to achieve h ~ g h  ash removal effic~encies when finng low 
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sulfur fuels, the fabnc filter technology may be the most cost effective Since economic evaluat~ons 
are highly s ~ t e  specific, care should be taken in apply~ng these conclus~ons the installations in 
Kazakstan however 
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Prototype Fachty Testmg Program 
Ek~bastuzGres No 2 

Reg~me Test No 
Regrme Descrrpt~on 

Date 
Start T~me 
Stop T~me 

Un~t Load 
Maln Steam Flow 
RH Steam Flow 
FW Flow 
Mrlls In Serwce 
OFA Damper Posrt~on 

- Flue Gas Analvs~s - 
0, at Econ Inlet (NB) 
O2 per Land Unlt (NB) 
Nox, Compos~te (NB) 
CO Compos~te (NB) 
SO2 Composrte (NB) 

Lzs 
% 12/6/96 APPENDXA XLS 

APPENDIX A 

Summarv of Test Data and Rea~mes 

USAlD 
Dellvery Order No 9 Task 4 

MWt 390 
telh 1225 
telh 950 
telh 1520 

5 
% + I  5 

1 
Basehe 

Red Load 

% 4 2 1 4 4  
% 1019 

PPM 4671431 
PPM 919 
PPM 548 1517 

Page 1 of 3 

2 
Baselme 
Max Load 
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3 I 4 
0, Var~at~on 

+% 0, % 0, 

5 I 6 I 7 I 8 
OFA Varlatlon 

+ OFA + OFA OFA + OFA 

9 I 10 
0, Var~atlon 

% 0, % 0, 



Prototype Faclhty Test~ng Program 
Ek~bastuzGres No 2 

- A~rlFlue Gas Temperatures - 

FD Fan lnlet (AIB) 
SCAH Air InlOut 
APH Air Inlout 
Econ Gas Out 
AH Gas Out 

1 12 
314 
516 
718 

ESP Outlet 
ID Fan Outlet (AIB) 
Scrubber Outlet 

1 12 
314 

- A~rlFlue Gas Draft - 
ESP Inlet mmH,O 

Scrubber lnlet 
Furnace 
ID Fan lnlet (AIB) 
ID Fan Outlet ( N B )  
Air Heater Air InlOut 

12/6/96 APPENDXA XLS 
u.3 

% 

APPENDIX A 

Summary of Test Data and Rea~mes 
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USAID 
Delrvery Order No 9 Task 4 
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Prototype Fachty Testmg Program 
Ek~bastuzGres No 2 

- Pulver~zers - 
Pressure Drop mmH,O 

Temperature InletIOutlet OC 

Amps 

Alr Flow ( x 1 o3 ) ~ ~ l h  
17511 90 

1 501 - 
17511 55 

PA Fan Amps 

12/6/96 APPENDXA XLS w 

APPENDIX A 

Summary of Test Data and Rea~mes 
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Prototype Fachty Test~ng Program 
Ek~bastuzGres No 2 

vd 12/6/96 APPENDXC XLS 
3% 

APPENDIX B 
Summaw of Land Emwons Data 

NOx I SO, I CO I % 0, I XS Air I XS Air Valve 1 Load 

USAlD 
Dellvery Order No 9 Task No 4 

Comments 

Normal Oper I Reduced Load 

Normal Oper I Full Load 

Burns and Roe Company 



Prototype Fauhty Testmg Program 
Ek~bastuzGres No 2 

APPENDIX B 
Summarv of Land Em~ss~ons Data 

% 0, I XS Air 1 xs A I ~  valve1 Load 

USAlD 
Dellvery Order No 9 Task No 4 

co Comments so2 
(ppm) I (mglNm3) 

Test No 

(+) OFA Var~atlon 

(+) OFA Var~at~on 

Data 

Pomt 

12/6/96 APPENDXC XLS 

NOX 
(ppm) I (mglNm3) 

Burns and Roe Company 



Prototype Faulrty Testrng Program 
EkrbastuzGres No 2 

Gompsrte 9?1 
9b 1 

composite, , , , , , ,3b 

APPENDIX B 
Summarv of Land Emwons Data 

USAlD 
Dellvery Order No 9 Task No 4 

257. 528 737 2106 431 8 q'f 4 ~ 5  1 
331 679 722 2065 331 879 6960 0% 4551 (-) OFA Var~at~on 

NOx 
(ppm) I (mglNm3) 

w e -4% 
12/6/96 APPENDXC XLS 

XS Air 

. . . ,283. . , , , , . . ,w . , , . ,674 . . . . . . w e .  . . . . . ,411 . , , , , . . . !! . . . , . , . .w . . . . . . . . . . . . . . . . . . . . .!?MI 
272 558 675 1931 841 868 6810 +75% 460 

Burns and Roe Company 

so2 
(ppm) I (mgINm3) 

276 566 712 2036 12 
266 545 728 2082 13 
253 51 9 736 2105 14 
253 51 9 73 1 2091 14 
254 52 1 75 1 2148 12 

(+) OFA Var~at~on 

CO Comments 

826 6270 +50% 455 
8 25 62 60 +50% 455 
8 00 59 50 +50% 455 
8 02 59 70 +50% 455 
806 6020 +50% 455 

XS Air Valve 
Pos~t~on 

% 0, 

(+) OFA Var~at~on 

Load 
(MW) 



e e 

Prototype Faallty Test~ng Program 

I Test No l ~ u b  No 

LJJ 

3 12/6/96 APPENDXC XLS 

APPENDIX B 
Summarv of Land Em~ss~ons Data 

NOx so2 I CO I % 0, I XS Air 1 XS Air Valve1 Load I 
( P P ~ )  I (mgINm3) I ( P P ~  I (mglNm3) I I I I Pos~t~on I (MW) 

233 478 778 2225 7121 8 13 61 10 +IS% 420 

USAID 
Dellvery Order No 9 Task No 4 

Comments 

Burns and Roe Company 



Prototype Fachty Testmg Program 
Ek~bastuzGres No 2 APPENDIX C USAlD 

Dellvery Order No 9 Task No 4 

Summarv of Compos~te Land Data 

Comments 

Normal Oper I Reduced Load 

I b 
a3 

Test No 

l a  

4b 
5a 

Nox 
( P P ~ )  I ( m s l ~ m ~ )  

467 957 
43 1 884 
43 88 

5b 
6a 

so2 
( P P ~ )  I ( m g l ~ m ~ )  

258 529 
248 508 

6b 
7a 

Data Range 1 209-467 1 428-957 1 517-777 ( 1479-2222 1 9-1469 1 

XS Air 

517 1479 
64- 474. 

249 510 
278 570 

7b 
8a 

12/6/96 APPENDXC XLS 

548 1567 

CO 

835 2388 
969 2771 

257 527 
309 633 

Burns and Roe Company 

% 0, 
Land I Plant 

OFA Valve 
POSI~IO~ 

9 

924 2643 
777 2222 

28 1 576 
272 558 

9 

Load 
(MW) 

23 
191 

737 2108 
751 2148 

10 4 2  88 +15% 390 
9 4 4  78 +15% 390 

0 2 0  ! % 6 4 5 ! %  448 

18 
182 

674 1928 
696 1991 

Normal Oper I Full Load 

8 1 8 61 +15% 443 
9 3 4  71 +30% 447 

13 
241 

(+) OFA Varrat~on 

13 3 2  146 +30% 447 
11 2 4  118 +50% 455 

41 
91 

(+) OFA Varratron 

8 3 0  61 +50% 455 
9 2 5  67 0% 455 ( - ) OFA Var~at~on 

8 2 8  57 0% 455 
8 2 8  65 +75% 460 (+) OFA Var~atron 
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YAZAPFTAN P E I S 
FPOTOT I FE SAMPLItIC; 

EKIEASTUZ NO 2 
4* C ***+ C* t **A C* t +**a C.%** 

* LAND COtlPUSTIOM * * U t l C O M  C5a0 + 
4 * + 4 * * * W W  C**%**.%* @***** 
Type of fuel 

Fuel 1 
Dry analysis 
02 narmal~sation: on 

Date. 31 18 96 

T ambient ' 14 C 
T gas , 66 C 
Tg - Ta 52 C 

efficiency 92.2 4 
loss 7.8 4 
e~cess air 62.7 .: 
water 0 0 /  
02 norm ' 6 0 / 

* LAtlD CONPUSTIOH * 
rtc LAfICOl1 6590 .+ ......................... 
Type of fuel 

Fuel 1 
Dry analysls 
02 normalisatlon: on ........................ 
Date 31.10 96 

CO : 13 ppm 
502 : 728 ppm 
NO2 - 0 vpm 
02 : 8 . 2 5 /  

, NO 266 ppm 
NOx . 266 ppm 
C02. 11 19 P 

KAZAKSTAN R E I S 
64 

PFCITOTS PE SAIIPL I H G  
EKIBASTUZ NO 2 

***.%**f* v C** f C* C**.+**.t A *  

4 L~tll> COMBUSTION * * LANCOt1 6508 * -. . *+ .+.%*A%**.% C* + * P C C C 6 %  C k W  
Type of fuel 

Fuel 1 
Dry analysis 
02 normalisatlan: on 

Date: 31 18.96 

T ambient . 14 C 
T gas : 67 C 
Tg - Ta : 53 C 

CO : 14 p ~ m  
SO2 : 736 ppm 
N02 : 0 ppm 
02 8 00 / 
NO . 253 pFm 
NOx : 253 ppm 
C02 : 11.41 / 

efficiency 92 2 4 
1 ass . 7.8 4 
excess air ' 59 5 f 
(later 0 r3 i. 
02 norm . 6 0 . '  ------------------------ 
Unit No 82 i 
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I 

t GZGt STkM P E I S 
PPOTOT'i PE SGMPL It lG 

Ei IEn3TUZ tlrJ 2 
+ t  t 4 % t  bb+.i t $  t t*  t*+CCI.%.%.% 
* LcltlD C'UMEU5TIUI.l 3. 
t LHHCTIH E500 + 
t Z *  *%eC+ t ++I** t I**.%***** 
T r ~ e  of  f u e l  

Fuel 1 
Dry analgsls I 

02 normallsation on 
--_--_--------------_I________________^_____--- 

Date 31 10 96 i 

eff~ciencr* 9 2 1 Y  
loss 7 9 4  
ekcess 3lr . 67.9 4 
(later 0 8 i '  
132 norm 6 0 K. 

YRZMiSTkt4 F E I S I 

F PDTOT'I PE SAt1PL IHC 
EYIEASTIJZ ti0 2 ** **w 69 +* C* ++ + +.+******* 

.(. LH~ID COtIEU3TIOt4 * 
9 LGHCOPl 6500 rl. 
********.+*+***++I******* 
Type uf fuel. I 

Fuel 1 1 

Dry analysls I 

02 nurmallsat~on' on I 

....................... 
T ambient . 15 G 
T gas . 65 C 
Ts - Ta 50 C 

efficiency : 92 2 4 
1 ass 7 8 4 
e) ce5s air C5.6 / 
I later . 0 0 ,  
02 norm G O :  

T~me' 12:34 ........................ 
T amblent 15 C 
T gas 67 C I 

Tg - Ta 52 C I 

GO = 14 P P ~  
SO2 : 675 pprn 
NU2 0 F F S ~  
02 8 43 Y 1 
NO : 259 ppm I 

t4Ox . 259 ppm 
GO2 1 1  83 :' i 

I 
efficiency . 92 1 2 i 

loss 7 4 3  
excess air  ' 64 6 i 
water 
02 norm 6 0 4  
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ON 
Z0N 
205 

NO1 03 
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Date 

Water *, % 
Ash*, % 
Ash, % (4 91 % H20) 
LHV* , kcallkg 
LHV (4 91 % H20) 
Nitrogen*, % 
Sulfur*, % 
Sulfur (4 91 % H20) 
Volatrles, % 

* Arr Drled 

Sample 1 Sample 2 

A P C ' P 1 7 1  IC 1- -- 

EklbastuzGres 2, Bo~ler #2 
Prototype Facllrty Testrng Program 

Summary of Coal Analyses 

a 
Expected S02, IbImmBTU 0 993 
Expected S02, ppm (6% 02)  426 
Expected S02, mg/Nm3 1220 

Date 

Average H20, % 

Addltlonal Coal Samples 

Test # H20. % Ash, % LHV, kcallkg 

Sample 3 



APPENDIX I 

Test 1 Reduced Normal Load (390 Mw 5 m~lls 3% excess 0 2  Overf~re Air at 15% open ) 

Fan A 
DATE HRS MIN SEC TAMB TGAS CO CO SO2 SO2 NO2 NO2 0 2  NO NO NOX NOX C02  EFF LOSS XS-AIR H20 NORM ANAL 02-NOR Norm Ftr FUEL 

10128196 16 5 43 12 61 7 10 402 548 6 8 9 9 6  328 447 334 455 9 6 8  9 1 9  8 1  8 7 4  0 0  6 0  DRY ON 1 36 6 
I0128196 16 20 43 11 61 7 9 404 547 5 7 9 90 328 444 333 451 9 73 91 9 8 1 86 4 0 0 6 0 DRY ON 1 35 6 
I0128196 16 35 43 12 61 6 8 398 556 6 8 1023 347 485 353 493 9 4 4 9 1 8  8 2  9 2 0  0 0  6 0  DRY ON 1 40 6 
10128196 16 50 43 12 61 5 7 396 541 5 7 10 00 337 461 342 468 9 71 91 9 8 1 86 7 0 0 6 0 DRY ON 1 37 6 

Fan B 
DATE HRS MIN SEC TAMB TGAS CO CO SO2 SO2 NO2 NO2 0 2  NO NO NOX NOX C02  EFF LOSS XS-AIR H20 NORM ANAL 02-NOR Norm Ftr FUEL 

I0128196 4 8 4 10 68 7 9 400 508 6 8 9 1 7  323 410 329 418 1038 9 1 6  8 4  750 0 0  6 0  DRY ON 1 27 6 
I0128196 4 23 4 10 69 8 10 407 518 5 6 9 1 9  318 405 323 411 1036 9 1 5  8 5  753  0 0  6 0  DRY ON 1 27 6 
10128196 4 38 4 10 69 7 9 401 526 6 8 9 54 338 443 344 451 10 05 91 4 8 6 80 6 0 0 6 0 DRY ON 1 31 6 
I0128196 4 53 4 10 68 6 8 395 516 5 7 9 4 9  334 436 339 443 1009 9 1 5  8 5  798 0 0  6 0  DRY ON 1 31 6 

Test 2 Full Normal Load ( 450 MW 5 mdls 3% excess 0 2  Overf~re alr at 15% open ) 

Fan A 
DATE HRS MIN SEC TAME TGAS CO CO SO2 SO2 NO2 NO2 0 2  NO NO NOX NOX C 0 2  EFF LOSS XS-AIR H20 NORM ANAL 02-NOR Norm Ftr FUEL 

I0129196 13 8 33 12 63 0 0 2 71 0 0 2048 2 71 2 71 0 37 10 9 89 1 595 8 0 0  6 0 DRY ON 35 48 6 
10129196 13 23 33 12 64 0 0 2 55 0 0 2036 1 28 1 28 0 4 7  2 7 5  7 2 5  5958 0 0  6 0  DRY ON 27 59 6 
10129196 13 38 33 12 63 0 0 2 49 1 24 2029 1 24 2 49 0 5 3  3 6 3  6 3 7  5958 0 0  6 0  DRY ON 24 43 6 
10129196 13 53 33 13 63 0 0 3 70 1 23 2026 0 0 1 23 0 5 6  4 0 5  5 9 5  5958 0 0  6 0  DRY ON 23 28 6 

Fan B 
DATE HRS MIN SEC TAMB TGAS CO CO SO2 SO2 NO2 NO2 0 2  NO NO NOX NOX C02  EFF LOSS XS-AIR H20 NORM ANAL 02-NOR Norm Ftr FUEL 

I0129196 1 1 1  19 9 66 12 14 510 608 0 0 8 4 0  240 286 240 286 11 06 91 8 8 2  645  0 0  6 0 DRY ON 1 19 6 
I0129196 1 2 6  19 10 66 11 13 545 653 0 0 8 4 7  250 300 250 300 1 1 0 0 9 1 9  8 1  654  0 0  6 0  DRY ON 1 20 6 

10129196 1 4 1  19 10 66 10 12 554 660 0 0 8 3 9  248 295 248 295 1107 9 1 9  8 1  6 4 3  0 0  6 0  DRY ON 1 1 9  6 
10129196 1 56 19 10 66 8 10 521 652 1 1 9 00 282 353 283 354 10 53 91 7 8 3 72 6 0 0 6 0 DRY ON 1 25 6 



APPENDIX I 

Test 3 Full Normal Load ( Excess 0 2  Increase to 3 5% ) 

Fan A 
DATE HRS MIN SEC TAMB TGAS CO CO SO2 SO2 NO2 NO2 0 2  NO NO NOX NOX C02 EFF LOSS XS-AIR H20 NORM ANAL 02-NOR Norm Ftr FUEL 
10129196 15 38 35 41 64 12 15 510 647 2 3 9 1 6  263 334 265 336 1039 939  6 1  749 0 0  6 0  DRY ON 1 27 
10129196 15 53 35 41 64 11 14 510 650 1 1 9 21 269 343 270 344 10 34 939  6 1 756 0 0  6 0 DRY ON 1 27 
10/29/96 16 8 35 41 62 11 14 519 668 1 1 9 33 267 344 268 345 10 24 94 0 6 0 774 0 0 6 0 DRY ON 1 29 
10129196 16 23 35 41 63 524 639 589 718 0 0 8 68 225 274 225 274 10 81 94 0 6 0 68 1 0 0 6 0 DRY ON 1 22 

Fan B 
DATE HRS MIN SEC TAMB TGAS CO CO SO2 SO2 NO2 NO2 0 2  NO NO NOX NOX C02 EFF LOSS XS-AIR HZ0 NORM ANAL 02-NOR Norm Ftr FUEL 
10129196 1 1 1  19 9 66 12 14 510 608 0 0 8 4 0  240 286 240 286 1106 9 1 8  8 2  645 0 0  6 0  WET OFF 1 1 9  
I0129196 1 2 6  19 10 66 11 13 545 653 0 0 847  250 300 250 300 1100 919  8 1  654 0 0  6 0  DRY ON 1 20 
I0129196 1 4 1  19 10 66 10 12 554 660 0 0 8 3 9  248 295 248 295 1107 919  8 1  643 0 0  6 0  DRY ON 1 1 9  
I0129196 1 5 6  19 10 66 8 10 521 652 1 1 900  282 353 283 354 1053 9 1 7  8 3  726 0 0  6 0  DRY ON 1 25 
10129196 4 40 37 13 68 8 10 517 623 1 1 8 5 4  267 322 268 323 1094 9 1 9  8 1  663 0 0  6 0  DRY ON 1 21 
I0129196 4 55 37 12 68 7 8 510 615 1 1 8 54 271 327 272 328 10 94 91 9 8 1 66 3 0 0  6 0 DRY ON 1 21 

Test 4 Full Normal Load ( Excess 0 2  reduced to 2% ) 

Fan A 
DATE HRS MIN SEC TAMB TGAS CO CO SO2 SO2 NO2 NO2 0 2  NO NO NOX NOX C02 EFF LOSS XS-AIR HZ0 NORM ANAL 02-NOR Norm Ftr FUEL 
10130/96 0 49 9 13 62 249 325 653 851 0 0 9 4 7  199 259 199 259 1011 9 2 1  7 9  795 0 0  6 0  DRY ON 1 30 6 
10130196 0 59 9 13 62 541 717 683 905 0 0 9 66 191 253 191 253 9 94 9 2 0  8 0 82 5 0 0 6 0 DRY ON 1 33 6 
10/30/96 1 9 9 13 63 565 779 659 909 0 0 1010 180 248 180 248 959  9 1 8  8 2  890 0 0  6 0  DRY ON 1 38 6 
10130196 1 1 9  9 13 63 684 980 625 895 0 0 1050 168 241 168 241 919  9 1 7  8 3  971 0 0  6 0  DRY ON 1 43 6 

Add~t~onal read~ngs taken uslng Land Un~t #2 to check for poss~ble problem w~th  Land Un~t # I  

10130196 12 29 45 42 62 502 630 575 721 0 0 9 0 2  196 246 196 246 1051 9 4 1  5 9  728 0 0  6 O D R Y  ON 1 25 6 
I0130196 12 29 46 42 62 503 631 576 722 0 0 9 02 196 246 196 246 10 51 94 1 5 9 72 8 0 0 6 0 DRY ON 1 25 6 
10130196 12 30 32 42 62 599 750 594 744 0 0 9 00 193 242 193 242 10 53 94 1 5 9 72 6 0 0 6 0 DRY ON 1 25 6 

Fan B 
DATE HRS MIN SEC TAMB TGAS CO CO SO2 SO2 NO2 NO2 0 2  NO NO NOX NOX C02 EFF LOSS XS-AIR H20 NORM ANAL 02-NOR Norm Ftr FUEL 
10130196 11 44 19 40 66 14 17 683 808 0 0 8 31 229 271 229 271 11 14 93 8 6 2 63 3 0 0  6 0 WET OFF 1 1 8  2 
10130196 11 54 19 41 67 24 28 721 840 0 0 8 11 219 255 219 255 11 32 93 8 6 2 60 8 0 0 6 0 DRY ON 116  6 
I0130196 12 4 19 41 66 16 19 727 845 0 0 8 08 221 257 221 257 11 34 93 9 6 1 60 5 0 0 6 0 DRY ON 116  6 
10130196 12 14 19 41 67 23 27 734 846 0 0 7 9 7  215 248 215 248 1144 9 3 8  6 2  591 0 0  6 0 D R Y  ON 115  6 



Test 5 Full Normal Load ( Overfire Air valve at 50% open ) 

Fan A 

DATE HRS MIN SEC TAMB TGAS CO CO SO2 SO2 NO2 NO2 
10130196 16 14 33 45 61 238 297 767 956 0 0 
10/30/96 16 20 33 44 61 174 216 769 965 0 0 
10/30/96 16 26 33 45 62 108 134 775 965 0 0 
10130/96 16 32 33 45 62 97 120 766 951 0 0 
10/30/96 16 38 33 45 61 237 291 811 995 0 0 

Fan B 
DATE HRS MIN SEC TAMB TGAS CO CO SO2 SO2 NO2 NO2 
10/30/96 5 10 41 15 64 14 23 536 873 0 0 
10130196 5 16 41 16 65 11 19 538 920 0 0 
10/30/96 5 22 41 15 65 10 18 515 916 0 0 
10/30/96 5 28 41 15 65 9 16 501 917 0 0 
10130196 5 34 41 16 64 10 19 505 941 0 0 

a 

APPENDIX I 

0 2  NO NO NOX NOX C02 EFF LOSS XS-AIR H20 NORM ANAL 02-NOR Norm Ftr FUEL 
8 94 199 248 199 248 10 56 944 5 6  71 7 0 0 6 0  DRY ON 1 25 
9 03 206 259 206 259 10 50 94 3 5 7 73 0 0 0 6 0 DRY ON 1 26 
8 93 200 249 200 249 10 59 94 3 5 7 71 6 0 0 6 0 DRY ON 1 24 
8 90 198 246 198 246 1062 943 5 7 71 2 0 0 6 0 DRY ON 1 24 
876 195 239 195 239 1074 944 5 6  692  0 0  6 0  DRY ON 1 23 

0 2  NO NO NOX NOX C02 EFF LOSS XS-AIR H20 NORM ANAL 02-NOR Norm Ftr FUEL 
11 75 141 230 141 230 809 9< 3 8 7 123 2 0 0 6 0 DRY ON 1 63 
12 19 141 241 141 241 770 91 1 6 9  1343 0 0  6 0  DRY ON 1 71 
12 52 138 245 138 245 741 90 9 9 1 1434 0 0 6 0 DRY ON 1 78 
1276 138 253 138 253 720 908 9 2  1504 0 0  6 0  DRY ON 1 83 
1290 137 255 137 255 708 909 9 1  1548 0 0  6 0  DRY ON 1 86 

Test 6 Full Normal Load ( Overfire Air valve at 30% open ) 

Fan A 
DATE HRS MIN SEC TAMB TGAS CO CO SO2 SO2 NO2 NO2 0 2  NO NO NOX NOX C02 EFF LOSS XS-AIR HZ0 NORM ANAL 02-NOR Norm Ftr FUEL 
10/31/96 10 30 4 42 59 65 121 379 704 1 2 1268 155 288 156 290 709 938 6 2  1541 0 0  6 0  DRY ON 186 0 
10131196 10 36 4 43 60 37 64 445 767 1 2 12 25 171 295 172 296 7 65 93 9 6 1 135 9 0 0 6 0 DRY ON 1 72 6 
10131196 10 42 4 43 61 141 243 450 774 0 0 1224 157 270 157 270 766 938 6 2  1356 0 0  6 0  DRY ON 172  6 
10131196 10 48 3 43 61 99 172 456 791 0 0 1231 161 279 161 279 760 938 6 2  1375 0 0  6 0  DRY ON 173 6 
10131196 10 54 3 43 60 208 247 652 775 0 0 8 36 223 265 223 265 11 10 94 3 5 7 64 0 0 0 6 0 DRY ON 119 6 

Fan B 
DATE HRS MIN SEC TAMB TGAS CO CO SO2 SO2 NO2 NO2 0 2  NO NO NOX NOX C02 EFF LOSS XS-AIR H20  NORM ANAL 02-NOR NormFtr FUEL 
10131196 10 32 4 14 66 10 12 604 712 1 1 826 233 275 234 276 1118 922 7 8  627  0 0  6 0  DRY ON 118 0 
10131/96 10 38 3 13 66 11 13 618 726 0 0 8 25 226 266 226 266 11 19 92 1 7 9  62 6 0 0 6 0 DRY ON 118 6 
10131196 10 44 3 14 67 12 14 637 736 0 0 600  219 253 219 253 1141 922 7 8  595  0 0  6 0  DRY ON 1 6  6 
10131/96 10 50 3 14 67 12 14 632 731 0 0 802  219 253 219 253 1140 922 7 8  597 0 0  6 0  DRY ON 116 6 
10/31/96 10 56 3 14 67 10 12 647 751 0 0 8 06 219 254 219 254 11 36 922  7 8  60 2 0 0 6 0 DRY ON 116  6 
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Test 7 Full Normal Load ( Overfire Air valve closed ) 

Fan A 
DATE HRS MIN SEC TAMBTGAS CO CO SO2 SO2 NO2 NO2 0 2  NO NO NOX NOX C02 EFF LOSS XS-AIR H20 NORM ANAL02-NOR Norm Ftr FUEL 

10131196 11 43 39 45 61 27 33 587 722 2 2 8 79 267 329 269 331 10 71 94 4 5 6 69 6 0 0 6 0 DRY ON 1 23 6 
I0131196 11 49 39 44 6 1 3 9 0 4 6 7 6 2 7  752 1 1 8 4 7 2 4 3 2 9 1 2 4 4  292 1100 943  5 7  6 5 4 0 0  6 0 D R Y  ON 1 2 0  6 
10131196 11 55 39 44 62 268 324 633 764 1 1 8 56 247 298 248 299 10 92 94 3 5 7 66 5 0 0 6 0 DRY ON 1 2 1  6 
10/31/96 11 58 30 45 62 114 139 627 765 1 1 8 68 255 311 256 312 10 81 94 3 5 7 68 1 0 0 6 0 DRY ON 1 22 6 

Fan B 
DATE HR S MIN SEC TAMBTGAS CO CO SO2 SO2 NO2 NO2 0 2  NO NO NOX NOX C02 EFF LOSS XS-AIR H20 NORM ANAL 02-NOR Norm Ftr FUEL 

I0131196 11 44 26 14 67 12 14 547 639 1 1 8 14 266 311 267 312 11 29 92 1 7 9 61 2 0 0 6 0 DRY ON 1 1 7  6 
10131196 11 50 27 14 67 68 76596  669 0 0 7 6 3 2 3 5 2 6 4 2 3 5  264 1174 9 2 3  7 7  5 5 1  0 0  6 0  DRY ON 1 1 2  6 
10/31/96 11 56 26 14 67 40 45 613 690 0 0 7 67 239 269 239 269 11 71 92 2 7 8 55 6 0 0 6 0 DRY ON 1 1 3  6 
I0131196 11 58 54 14 68 26 30 613 696 0 0 7 78 245 278 245 278 11 61 92 2 7 8 56 9 0 0 6 0 DRY ON I 14 6 

Test 8 Full Normal Load ( Overfire Alr valve at 75% open ) 

Fan A 
DATE HR S MIN SEC TAMBTGAS CO CO SO2 SO2 NO2 NO2 0 2  NO NO NOX NOX C02 EFF LOSS XS-AIR H20 NORM ANAL 02-NOR Norm Ftr FUEL 

10131196 12 22 39 44 62 69 84554 675 1 1 8 6 8 2 2 2 2 7 1 2 2 3  272 1081 9 4 3  5 7  681  0 0  6 0  DRY ON 1 22 6 
10131196 12 27 39 44 62 94 114 584 710 0 0 8 64 224 272 224 272 10 85 94 3 5 7 67 6 0 0 6 0 DRY ON 1 22 6 

10131196 12 32 39 46 6 2 1 0 4 1 2 6 5 9 8  724 0 0 8 6 0 2 1 9 2 6 5 2 1 9  265 1088 9 4 4  5 6  671  0 0  6 0  DRY ON 1 2 1  6 

Fan B 
DATE HR S MIN SEC TAMBTGAS CO CO SO2 SO2 NO2 NO2 0 2  NO NO NOX NOX C02 EFF LOSS XS-AIR H20 NORM ANAL 02-NOR Norm Ftr FUEL 

10131/96 12 24 48 15 66 11 13506 616 1 1 8 6 6 2 2 6 2 7 5 2 2 7  276 1083 9 2 1  7 9  6 7 9 0 0  6 0 D R Y  ON 1 22 6 
10131196 12 29 47 15 65 10 12 538 646 0 0 8 49 221 265 221 265 10 98 92 2 7 8 65 6 0 0 6 0 DRY ON 1 20 6 

10131196 12 34 47 15 67 12 14565 675 0 0 8 4 3 2 1 7 2 5 9 2 1 7  259 1103 9 2 1  7 9  648  0 0  6 0  DRY ON 1 1 9  6 


