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CHAPTER & DECOMMISSIONED SURVEY ON SITE

Use of Native Consultant
Purpose of commission

The purpose of this commission is to improve F/S accuracy and reduce F/S period by
recommissioning ENERGOPROEKT PLC, a native consultant knowing details of faw system
and technological level of Bulgaria with a part of this survey, in order to contribute to this
survey.

To achieve sufTicicnt analysis and evaluation of the survey result and eontent of measured data
as this survey mission, the mission intends to consult ENERGOPROEKT PLC sufficiently

and cooperate with it in evaluation work, elc.

Commission period

The atiached reference 6-1 shows a contract with ENERGOPROEKT PLC.

The commission period is about 8 months from July 6, 1995 to February 28, 1996,

The due date for offer related to collected reference materials is August 31, 1995 and the due
date for offer related to measured data is December 31, 1995 and February 28, 1996 to
coincide with each measurement date.

After each ofler date, received su rvey result was checked and confirmed about its content.

Commissioned content

The major content of commissioned work is shown as follows. The detail of the
commissioned work is confirmed via the minute (dated July 3, 1995) shown in the attached
reference 6-2 before commissioned. : S

Survey of existing power pant facilities

{3) Specification of each facility

{b) Operalional records
{¢) Others '
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Survey of items fe-usable in acw plant

Specifications and draxvings of re-usable equipment/facilities
Structure foundations

Site survey of re-usable equipment/facilities

Interface with new plant

Specifications and drawings of regional heating steam piping
History of facility - | '

Survéy of existing transiission line and substation facilities
Facilily specifications and drawings
Structure foundations
Parameters/constants for power sysiem analysis

Environmental survey

Geographical map of area

Initial environmental evaluation

Environmental xmpacl assessmen!
Geographical survey for facility construction

Production of topographical map

Production of facility layout -

Geological survey

Hydrology observation

Study of equipment/material procurement

Machine repair shops, their technology level, and past performance
Specification and prices of focally procurable items

Cost of construction equipment, materials, and labor in each occupauon

Taxes on construction materials

Current market prices and future prospect of limestone and gypsum

Study of construction cost




(10) Constraints on power plant design

(8) Regulation by national and local govemments

(b) NEK'sinternal regulations and standards

(¢) Operational rules other than tegal provisions ‘

(d) Constraints on unloading, transportation route and transport of heavy articles

-(11) Other assistance and advice required for the site survey _



6.2  Geology and Hydroloegy Observation
621  Geological Survey

(1) Gengeral

The ficld gcologiéal.surv‘ey for this feasibility study was cartied out by subletling the actual
work to ENGRGO PROJECT in Sofia.  The items of the geological survey carried out under
this feasibility study are as follows: - ' ' .

* Boring : 8 boreholes ; 30 m/hole ; 240 m in total

* Testitems :  Standard penelration test
Moisture test;  Specific gravity test; Mechanical analysis of soil;
Unconfined compréssive test: Consolidation test; Chloride content test;
Sulfate content test; Permeability test; PS logging; and Electrical

topging.

(2} * Outline of Geological Structure in the Surrounding Area

(a) General

The Maritsa East No.] Thermal Power Plant is located around the eastern part of the %
Gornotrakeeska depression. The part of the Maritsa East No.l Thermal Power Plant '
within the industrial zone is located in the Gomotrakeesky graben constituting one of the

internal geological structure of the Gomotrakeeska depression.

The Gomotrakeesky graben is filled with Pliocene and Quaternary deposits.  These
deposits, which have been products in the upper diagonal bedrock due to Precambrian
metamorphic belt, have been found on the northern slope of Mt.Sakar.  These melamorphic
facies constituling a part of such facies produced due to movement of North Roadopes~
Sacar Slip have been subjected to intensive diaslrophism. The deposits represented by
Precambrian gneiss, quartz, plagioclase and two mica guneisses have been intruded and
transited even 1o granite gneiss at some places. The depth where these materials exist is
about 300 m.

(b Geological conditions (Regional Geology}
@ General

There are four separated lithologic and stratigraphic characters inside the Pliocene
sedimentary facies of coal formalion group located on the metamorphic belt. '



@ Geological stratigraphy

. - The stratigraphy to upward from the boltom section is as described below.

3)

b

d)

Basal horizon

In the basal horizon, the stratigraphy starts from a block consisting of weathered and
broken gneiss containing sandy and clayey fills. These matetials have been converted
to breccia and psephite {conglomeratic rock) of clay. The uppér basal horizon consists
of the allernations lg(avel and sandy clay.

The thickness of this horizon is about 75 m.

Sub-coal horizon.

‘This horizon is represented by light brown sandy ¢lay and silty clay. Existing in this

upper part of this horizon are the layers of gray/green clay and brown/white clay

' containing thin and irregular sandy layer, as well as the layers of coarse polygenetic

gravels with a thickness of 5~8 m  The thickness of this sub-coal horizon is about 160

m.

Coal horizon.

This horizon is represented by the layers of thick gray/black~btack silty clay cenfaining
coal fragments, as well as the poorly coal bearing and intensively clayey lignite coal
layers The thickness of this hotizon is about 35 m.

Upper coal horizon

This horizen is represented by silty, sandy and silty/sandy dense c¢lays. The color
ranges from gray {0 gray/green.  This clay which has undergone swelling contains
quastz and chalky fragments as well as smail gravels. Spreading in this horizon are the
clayey sand layers with ircegular thickness ranging from 1~2mto 4~5m.

The thickness of this horizon is 30~40 m.

The Quaternary deposits cover all of the Pliocene Sedimenls (deposits).

Diluvial deposits-

These deposils ate represented by clay containing sandy clay and gravel. The
thickness is 1~2 m, rarely to 3~4 m. These deposits cover the slopes and some of

~ the negative forms of the retief.



f) Alluvial deposits

These deposits forming the exisling terraces of the Socolilza and Sazleeka Rivers are
represented by sandy clay with a thickness of 3~4 m.  Under the sandy clay layer,
these are fine-grained sand and sand containing gravel.

T he total thickness of the terrace deposits isQr‘v 10m.

(3) Geological Survey
Described below are the methods, quantity, positions, etc. of the geotogical survey carried out
under this study. '

(a) Boring sutvey

To clarify the geological conditions within the power plant siic, eight (8) borihg sites were

- setected miainty from the posilio:ns where important major power plant structures such as the
powerhouse building, boiler equipment, chimney, oil storage tanks, coal storage yard,
cooling water intake/discharge watenways are to be located. - The selected boring sites are
presented Figure 6-2-1. - '

In other words, eight (8) borcholes were drilled with the extension per hole and the the %
extension of all boreholes being 30 m and 240 m, respectively.

(b) | Laboratory tests

The laboratory tests were. carried out by uvsing the undisturbed épe_cimens and the test
specimens selected from among the standard penetralion test spécimens sampled for
clarifying the propettics of the layers distributed in this site area, the laboratory tests.

The test items and quantily ace as listed below. | |

Test items No.of specimens

'+ Moisture test | o 21
« Specific gravity test o 21
* Mechanical analysis ofsol "21 ' . @

* Unconfined compressive fest
« Consolidation test
» Chloride content test 21

--Sulfate conten test 21
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(e)

C))
(a)

Permeability tests

The permeability test was carricd out al the boreholes BH2 and BHS.
Meanwhile, the coefficient of permeability was obtained based on the LEFRANC’s method.

Electrical logging

This togging was careied out at the boreholcs_BH3 and BHS.

PS logging
This logging was carried out al the borcholes BH1 and BH2,

Results of Geological Survey

General

The (geological) section/profile within the proposed power plant site consists of Alluvial
deposits of Sokolitza River formed over the eroded Pliocene bedrock.

Based on the results of surveying the geologlcal and lithological sections, the following

items have been confirmed:

Artificial fill(fill and banking) (Var.I 1}: Clay, sand and coal. This fill covers almost all
of the thermal power plant site.  The artificial fill with a maximum thickness (4.5~5.0
) is located at the chimney and steam generaling equipment sites (Boreholes BH3 and
BH1). The thickness of the fill from the botiom of the outdoor coal storage yard is
2.8m (Borehole B6). : '

~ The alluvial deposits and layers(alQ) of (under) Sokolitza River are represented by the
fotlowing materials downward from the top;

* Sandy clay : Dark brown{Var.2) : This clay layer with a thickness ranging from 2.3 m
(BH7) to 3.5 m(BH6) and 2.7 m on an average covers the entire site. .
l)unng conslruction of the exlshng power plant clay was removed and replaced by

 artificial fill at some places.

+ Fine sand : Yellow/brown and intensively clayey (Var.3). At some places, fine sand
was replaced by intensively sandy clay.  With a thickness ranging from 1.5 m (BHS) to
3.9 (BH6) and 3.7 m on an average, the average depth of this fine sand layer from the

~ ground level is 6:2_m on an average.



« Coarse sand ; Pure, quartzic, yellow or gray, in some place with smalt grand (Ver.4).
They reach till a depth of 7.6M (BH7) to 10.5 m (BH5) from the surface.
The lhlckness of themn changes of 2.0m (BH7) to 7.0 m (BHS) average 3. Gm

Coatse sand : Quartzous with high purity and very fine-grained gravels are contained

(Ver.5). With a thickness ranging from 0.5 m (BHS) to 2.3 m (BH2), this coarse sand

layer is located at the bottom of the Alluvial deposits, and ifs depth from the ground @
level ranges from 9.0 m (BH3) to 11.3 m (BH2).

The grading and composition of clay of the materials in the high terrace profite of Sokolilza
River vary frequently in the horizental and vertical directions. Lithologically dominant are
the sandy materials raliging from intensively clayey fine sand to pure and highly quarizous
coarse sand. The materials of these lithological varicties forin alternations (inte_rlaces).
Apparently, these is the following remarkable trend. Namely, the deeper the geological
“section (profile), the larger the grain size, and the smaller the clay content. -

Although the thickness of the Alluvial sandy and gravely material deposits is 9.0 m on
average within the majorily of the power plant sne the thickness is 6.0 m around the
northern and western part of steam shop sections. B

The Alluvial deposits have been formed on the irregular bedrock from the Pliocene clay
deposits. o : R '

Silly and sandy clay (N;) (Var.6) : These materials are h.igh in denéily and consist of
gray/brown and light gray materials with chalky spots comaihing fusty materials. These
deposits are located under the Alluvial deposils al a depth of 6.0 m (BH4) through tol1l3m
(BH2) from the ground level.  Such clay deposits form an upper Pliocene éoa_l horizon with
a thickness ranging approximately from 30 to 40 m.

(b) Result of Boring

Resulls of Standard Penelrauon test, PS lcggmg and Lfectrlcal Ioggmg are shown in the
Figure 6-2-2~~6-2-9. :

(¢) Result of Laboratory Tesls

( Phisical characteristics

Laboratory testing results by undisturbed samples and disturbed samples are showa in the
Table 6-2-1. and Table 6-2-2. '
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Table 6:2-4 PHISICAL CHARAGTERISTICS OF THE UNPISTURBED SAMPLES

_Borehele No. 1 1 1 3 03| 3] 6] 6] 6

Samplo No. 2 3 4 3 4 5 2 3 4
(Var S} (Var.6} |{Var 6} |(Var.6) | (Var.6) [(Var.6) | (Var 6}|(Var.6) [{Var.6}

Depth from the 1550 155 | 255 | 12% a7 | 2% | 14% | 187 | 24%
sutface from-to, m 16° | 16® | 26% | 13® | 18 | 22% | 15* | 19® | 25™
Specific, density glom’] 270 1 270 | 272 | 271 | 270 | 2720 | 220 { 270 | 2.71
Bulk density, g/em® 4 179 | 078 | 1.83 | 1.84 [ 178 { 1.78 | 1.87 | 1.85 | 1.89
Dry mass, glem’ 125 {124 | 1327138 | 129 8126 | 140 138 | 1.43
Pore volume, % s4 1 sa 52149 s3 ) s3 |48} 49| 47
Pote coeflicient L7 | 118 | 108 ] 096 | Lio | 114 | 092 | 0.96 | 089
Water content, % 43.0 {430 | 382 1334 | 380|410 334 | 335|325
Atterberg Limit- W ] 80.0 | 855 | 71.0 [ 665 | 785 | 845 | 630 | 770 | 75.0
Atterberg Limit - W, 1 46.5 | 420 | 395 [ 33.0 | 385 | 35.5 | 31.0 | 336 | 335
Plasticity, % 335 | 43.5 | 31.5 | 335 | 40.0 | 49.0 | 380 { 440 | 415
Index of consistency | 1.10 | 098 | 1.05 | 6.99 § 1.060 | 0.88 | 0.92 1.00 | 105
Initial satwration-Sr | 0.73 | 075 | 099 | 693 1 0.93 | 1.02 | 0.98 | 0.96 | 0.98

Table 6-2-2 PHISICAL CHARACTERISTICS OF THE DISTURBED SAMPLES

" Borehole No. 122933 ]lals)ls]el7]|s]s
¢ Saniple No. 1§ 1] 2 211 P2 S T I I I O
i Ovar )1 var ) ) (Var Sy FqVar | (Var 5) D {Var 33 [ ¢Vor &) DqVar &) | (Var 33 JiVar &) J (Var 23 [(Vay. 5)
Depth from the - 8%. [ 7% | 10%-| 6% | g% | 5%0. 1 4. [ 7. | 4. | 6. [ 3. | 5.
sur!‘acc'fmm-lo;,m 8 | 1100 ] 6] 80| 5% 40 ] 70| 4® 6% |30 5%
Specific gravity gfen?® * |2.67|2.66] 2.66 |2.68]2.65]2.68|2.6712.67|2.71]2.68|2.70]2.67
Water content, % 215|124 9.0 |206|14.8{12.6113.7}11.5]162| 11.7]17.8]15.6



@ Result of Unconfined Compression

With_ test for unconfined compréssive strength was tested by 9 undisturbed samples of
clays. o
- The result are shown in the Table 6-2-3. '

Table 6-2-3 RESULTS OF UNCONFINED COMPRESSIVE STRENGTH

TEST
Borehole No. tprfr]afs]lsfele]e
© SampleNo. 2031 4fp3)l4als|2]3]4

Nornmnal stress, 10°Pa [ 6.0 [ 3.8 | 36| 2.6 1.8 231112247
Strainatfalure,% |25 |36 13|58 124 15332426

® Result of Consolidation

One-dimensional consolidation were made to 9 undisturbed samples of clays.-
The result are shown in the Table 6-2-4.

Table 8-2.4 RESULTS OF ONE - DIMENSIONAL CONSOLIDATION

Borchole No. 1| | 3 3 3 6 6 6
Sample No. 2 3 4 3 4 .| s 2 3 4.
Final .

452 § 517 | 388 | 427 | 394 | 417 | 339 | 381 | 366
moisture, % ' : ' o

Final wet weight |. - | ' -
NIRRT vee | vss | ree | 1s8 | 1ae | 180 | 1o | 179 | 193
&’cm’ ' : ’

Coeflicient of |0=3.43] 0 =3.43 6 =3.43|0 =343} 0 =343| 0 =4.13| 0 =343} 0 =343 0 =343

consolidation ¢, |¢,=149]¢,=8.17|c,=1.03 |c,=8.66 ﬁ,,=3.8] =123 [6,=2.24 | ¢,=0.54 }o.=1.57

¢,10°Pa 0=5.43| 0 =6.13| 0 =5.43| 0 =5.43| 0 =6.73]| 6 =6.73| 6 =6.73| 0 =5.431c =6.73

c, mm/min  1¢,=0.32]¢,22.10]¢,=0.42 l¢,=8.56 | ¢,=2.12 ¢,=0.69} ¢,=1.49 | ¢,=0.54 | ¢.=1.00
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@ Chemical Analysis

The chemical analysis were made 9 undisturbed samples and 12 disturbed samples.
The result are shown in the Table 6-2-5.

Table 6-2-5 RESULTS OF CHEMICAL ANALYSES

Borehote No. Sample No. | Chloride (Cl), % Sulfate (SO, %
UNDISTURBED SAMPLES
i 2 0.010 0.034
i 3 0.010 0.036
1 4 0,017 0.040
3 3 0.008 0.060
3 4 0.008 0,018
3 5 0.009 0,039
6 2 0010 0.020
6 3 0.010 0.020
6 4 0,009 0.018
DISTURBED SAMPLES
1 1 0.005 0.008
2 1 0.004 0.004
2 2 0.010 0.008
3 i 0.005 0.033
3 2 0.006 0.010
4 1 0.005 0.012
5 1 0.005 0.045
5 2 0.006 0.012
6 ! 0.006 0.599
7 1 0.008 0.085
8 1 0.008 0.387
8 2 0,008 0.018

6-11



6.22  Observation Underground-water

(1) General

The groundwater level was investigated by usingl the boreholes drilled for géological survey
‘within the power planc site.  Meanwhile, this investigation was carried out by subletting the
aciual work to ENERGO PROEKT of Sofia according to the following procedures:
* ' Borchole used for investigatio;. No.5 (Pdwelhouse building section) %
{2) Investigation Method
After installing a piezometer with a 75 mm dia PVC wbe in the borehole No.5, the
groundwater level was measured once every five days.

(3) Result of observation

The result are shown in the Table 6.2-6.

Table 6-2.6 UNDERGROUND-WATER LEVEL

Date Water level Elevation
-{depth)
(m) (m)

95° 10/10 : 6.10 101.121
95" 10/16 6.10 ' 101,121
95” 10/20 6.10 101121
95’ 10/25 ' 6.02 101.201
951080 | . 60 | 101.201
95* 1116 602 101201
9s° 11710 6.01 101,211
95’ 11/15 6.01 _ 101.211
95’ 11720 - 5.98 101.241
95" 11/27 5.98 101.241 .
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(3}

@

River Stream Gauging

General

This stream gauging was carried out by subletting the actual work to ENERGO PROEKT of
Sofia. '

Place and Period of Steam Ganging

This stream gauging was carried out at a place of railway crossing about 1 ki upstream of the
intake gate for the Pump Station along the Saztika River as indicated In Figure 6-2-10,

Stream Ganging Method

After measuring the cross section of the river at a horizontal interval of 1 m, the flow velocity
according to the simplified measurement method, and the mean flow velocily was calculated.
Finally, the river discharge was calculated from the product of the ccoss section.

Meanwhile, measurement of river discharge (stream gauging) was carcied out three times per

month,

Resulis of Observation

The results of stream gauging are as preseated in Table 6-2-7.

Table 6-2-7 MERSURED DISCHARGE

Date Discharge Date Discharge
{m’/sec) (m*/sec)
95’ 9/14 5.04 95’ 11/28 . 4.70
95’9721 4.89 95’ §2/08 6.51
95’ 9/28 5.30 95’ 321’26 11.35
95° 10/ 5 4.78 957 12/27 10,10
95* 16/10 505 96’ 1/4 19,56
95* 10/26 5.00 96° I /11 14.38
95° 11/10 5.27 96" 1 /18 1640
95" 1117 4.60




Agreement
foyx
LOCAL SURVEY
for
THE FEASIBILITY STUDY
on
MARITSA EAST NO.l1 REPLACING THERMAL POWER PLANT
for '
IMPROVEMENT
of
THE PERFORMANCE OF THE UNITS AND
THE RENVIRONHMENTAL PROTECTiON
in
THE REPUBLIC OF BULGARIA

July, 1995

JICA Study Team
and

ENERGOPROERT PLC



Agreenent

This Agreement made and entered into on this 3th day of July, 1995 between the
JICA Study Team, a Joint Venture composed of Electric Power Development Co.,
Ltd. (EPDC) and Tokyo Electric Power Services Co., Ltd. {TEPSCO}, represented by
¥R. J. Inoue of EPDC, and ENERGOPROERT-PLC. EPDC is the leading firm of the
Joint Venture, a company duly organized and existing under the law of Japan with
its principa) office at 15-1, Ginza 6-chome, Chuo-ku, Tokyo 104, Japan
{hereinafter referred toc as "JIQA Study Team”}, and ENERGOPROBKT-PLC, with its
principal place of business at AT-SI J. Boucher Blvd. 1407, Sofia, the Republic
of Bulgaria (hereinafter referred to as "ENERGOPROEKT")} (hereinafter referred to

collectively as the “Partners").

HITHESSETH

WHEREAS, the Japan International Cooperation Agency (hereinafter referred to as
“JICA”) has agreed to perform certain sexvice of work in connection with the
Feasjibility Study on Maritsa Bast No.l Replacing Thermal Power Plant for
Improvement of the Pexformance of the Units and the Bnvironmental Protection in
the Republic of ﬁuigaria (heréinafter referred to as the “Study”) under the
Scope of HWork agreed'UQQn between the Natsionalna Elektricheska FRompanix

{hereinafter referred to as ”"NEK”) and JICA on February 9, 1995.
WHEREAS, JICA has entrusted the study to the JICA Study Team.

AND WHEREAS JICA Study Team desires &o subcéntract the work of certain
consulting 'se:viceg' {hereinafter referred to as the *“Sexvices”) with
EHERGOPROBRT, and whéreas, ENERGOPROEKT is desirous of performing the Services
in accordance with the provisions of this Contract, and morxe fully described in

Article 1 contained herein.

Now, THEREFORE JICA Study Team and ENERGOPROEKT contract with each other as

followss




ARTICLE 1. THE SERVICES

1.1

1.2

1.3

1.4

. ENERGOPROEKT shall perform the following Services:

a) Data collection of Existing Power Plant Equipment/Facilities
b) Reusable Existing Facilities

¢} Environmental Study

d4) Topographical Suxvey

¢} Geological Survey

£} Hydrolegical Survey

g) Haterial and Equipment Survey -

ENERGOPROEKT shall perform the Services as an independent contractor in
accordance with the teams of this Agreement, applicable laws and

regulations, and with satisfactory of JICA Study Team.

ENERGOPROERT shall exercise reasonable skill, care and diligence in the

discharge of its duties under this Agreement.

ENERGOPRORKT shall be deemed to have no proprietary_interest.in,such data
and information as ENERGOPROBKT ureates, develops, improves, possesses, Of

recejves as a direvt ox substantial consequence of this Agreement.

ARTICLE 2. SPECIFICATIONS

The scope of work performed by ENERGOPROEKT under this agreement is gescribed.in

Attachment-1 attached hereto and forming integral part of this Agreement. . ...

ARTICLE 3. LIABILITIES OF EKERGOPROEBKT

3.1

3.2

ENERGOPROERT shall be liable for the consequence of errors and omission
arising from the gross negligence on its part in respect of the Services

referred to in Article 1 contained herein.

ENBRGOPRORKT shall indemnify and save harmless JICA Study Team from and

against, in the respect of all) actions, chaxges, claims, costs, damages,




losses and proceedings occurring as a consequence of the performance by
ENERGOPROEKT of the Services. '

3.3  ENERGOPROEKT shall, at his own expenses, maintain third party'liability

insurance with respect to his obligation under this Agreement.

3.4  ENERGOPROBKT shall, in respect of the totality of all acts of omissions of
ENERGOPROEKT in rxegard hereto; not- be responsible or liable fox delay\or
failure to JICA Study Team for the performance of the Sexvices. In any
event the liability of ENERGOPROEKT shall expire sixt§ (60) days after the

termination date as specified in an Article 10.2 of this Agreement.

ARTICLE 4. OBLIGATIONS OF JICR STUDY TEAM

Jica Study QQIees to render all possible assistance to ENERGOPROERT in the
collection of existing information, in the opinion of JICA Study Team would be

of assistance to ENERGOPROEKT in the performance of its Sexvices.

ARTICLE 5. INSPECTION OF RESULTS

ENERGOPROERT shall submit a notice of completion of each work item in the
Specification to the Study Team within three (3) days after the completion of
the Services. The results of the Services to be included in the notice are
shown in tha attached sSpecifications. fhe Study Team shali inspect such
resuits within ten (10) days after receipt of such results accompanied by a
written notice of completion. If the Study Team reject such results as
unacceptable, ENERGOPROEKT shall remedy such work items (s} to the satisfaction
of the Study Team by the data specified by the Study Team and re-submit the
results to the Study Team for inspection, provided however that the Study Tean

shall not unreasonably reject HWork results.

ENERGOPROEKT shall remedy Work results without delay and shall obtain final
acceptance of such results under the CONTRACT, if such remedy is required by the

. Study Team andfor JICA in one year after the Contract period.




ARTICLE 6. REPORTING

ENERGOPROERT shall submit one {1) copy of report on the specified works of the

Services in English to the Study Team’s representatiye(s) in accordance with the

date of delivery of the works.

ARTICLE 7. REMUNERATION AND PAYMENT

7.1

1.2

ENERGOPROEKRT shall be remunerated by JICA Study Team for the performance
of Services described in Article 1 and Attachment—l of this Agreement on a
lump sum basis. '

contract Price

The total contract price shall be US dollars 109,150.00 {one hundred nine

thousand one hundred f£ifty US Dollars only) upon completion of _the

Services and not subject to price adjustment.
Payment of Invoice

EHNERGOPRORKT shall submit their inveice for ths payment, specifying bank
narme and account rumber. _ ,

“Sofia Bank” - Vitosha Branch

1000 _Sofia, 6 Vitosha St., Bulgaria

Account No. 421 - 371 -~ 300 - 3.

Terms of Payment

The advance payment of Foxty perceant (40 %) of the Contract Price shall be
paid within fifteen (15) days after the Contract is signed by the parties.

The final payment of Sixty percent {50 %) of the Contract price shall be
paid within fifteen {15) days after the completion of the entire works and

after the approval by the JICA Study Team.

However, in case of delay in completing and submitting individual report
of the works in the Specification, such terms of first and second payment

shall be retained.




ARTICLE 8, HOTICES AND REQUESTS

Any notice or reguest required to be given or made in this Agreement shall be in
writing in English language. Such notice or request shall have been delivered
by hand, registered mail, telefax or acknowledged telex to the party to which it

is required to be given as follows:

to ENERGOPROERT

Attention 't - Mr. Boris Ivanov, ENERGOPROEKT PLC

Address ! 51 J. Boucher Blvd, 1407 Sofia, Bulgaria:
Telephone : ( 3592 ) 665052, ( 3592 ) 689139

Telefax 1 ( 3592 ) 668951
to JICA Study Team

Attention

@ Address

Hr. Jugo Incue, Overseas Engineering Dept.

Electric Power Development Co., Ltd.

15-1, Ginza 6-chome, Chuo-ku,

Tokyo 104, Japan

Telephone : 81 (3) 3546-9412
. Telefax H 81 (3) 3546-9533
Telex t EPDCTOK J26716

ARTICLE 9, FORCE MAJEURE

9.1 Neither Party shall be deemed to be in default ox in breach of the

Agreement if he is dnable to perform his obligations under the Agreement

owing to circumstances beyond his reasonable control. Such circumstances
{hereinafter referred to as "FORCE MAJEURB”) include, but shall not be
linited to the following: '

{a) Acts of God, including storm; ‘@arthquake, flood or any other such
operation of the forces of nature as his reasonable foresight and ability

could not foresee oxr reasonably provide against.




{b) Har (declared or undeclared), hostilities, invasion, act of any foreign
~enemy, threat of or preparation for war, riot, insurrection, c¢ivil

commotion, rebellion, revolution, usurped power, civil war and labor
troubles or 6ther industrial troubles, strikes embargoes, blockades,
sabdtage_pf'labour,_etc.‘

ARTICLE 10, GENERAL PROVISIONS

10.1 Laws Applicable
This Agreement shall he governed and construed according to the laws of
the Republic of Bulgaxia.

10.2 Effectiveness of Agreement
This Agreement shall be deemed to become effective on the date of
execution by parties.

106.3 Termination of Agreement
ENERGOPROERT shall complete the Servicés described in detailed in Article
1, above in accordance with the following schedule. '

Commencenent : July 6, 1995
Completion ¢ Februwary 28, 1996

10.4 Amendment of Agreement
This Agreament may be amended from time to time only by mutual agreement
in writing singed by both parties to this RAgreement in the form of an
amendment of this Agreement. ' '

10.5 Assignrent

Neither -party hereto shall assign all or any part of the rights or:
obligation under this agreement or any interest therein without .the prior

written consent of the other party hereto.




IN WITNESS WHEREOF, JICA Study Team and ENERGOPROEKT have caused this Agreement
to be signed in their respective names by their duly authorized represeﬁtatives

as of the day, month and year first written herein before,

Boris Ivaqo : Jur&i}ggie
P

;. i .
Chairman of the Board of Director eam Leader

ENEBRGOPROEKT PLC ) JICA STUDY Team






Attachment-~1

SPECIFICATION
for
LOCAL SURVEY
for
THE FEASIBILITY STUDY
on ' :
MARITSA EAST KO.1 REPLACING THERMAL POWER PLART
for '
IMPROVEMENT
of
THE PERFORMANCE OF THE UNITS AND THE ENVIRORMENTAL
PROTECTION
in
THE REPUBLIC OF BULGARIA

Chapter 1 OENERAL

Section 1 PBackground

In compliance with the Scope of Work for the Feasibility Study on HMaritsa East
No.l'Replacing Thermal Powex Plant for Improvement of the Performance of the-
Units and the Environmental Protection in the Republic of Bulgaria, which was
agreed upon between the Natsionalna slektricheské Kompania {NER) and Japan
International Cooperation Agency (JICA) on February 9, 1995, JICA has decided to
carry out the feasibility study and assigned it to the JICA Study Team for the
Study. '

Section 2 Scopa of Hork

The work to be performed is to obtain the existing data of power plant,
transmission line, substation, environment, equipment/material procurement,
construction cost, constraints and measuring data of environment, geography,

geology, hydrology meeting the JICA Study Team'é instructions.

Section 3 Specification
Local Survey data shall be collected in accordance with the specification herein

set out and detailed specification in the Minutes of Meeting.

Sectlon 4 Laaguage

Language to be used shall be the English lanquage.




Chapter 2 DETAILED SPECIFICATION

Section 1 Method of Work

Data shall be collected from the related offices/organization and measured in
accordance with the JICA Study Team's instructions.

Section 2 Contents to bhe collected
Data to be collecked is stipulated in the attachment.
Chapter 3 HORK SCHEDULE

The work shall be completed by August 31,1995 for the first, December 31,1995
for the second, February 28, 1996 the balance. '

Chapter 4 REPORT

A report and collected material of each work item will be delivered along with a
list of contents to the JICA Study Team (in Japan) not later than the date of

suybmissicn.




(Contents of Data to be collected)

Detailed Specification

Itenm

Scope of Study

Date of
Submisslion

1. Survey of Existing
Power Plant
Facilities

2. Survey of Items
Re-Usable in New
Plant

3. Survey of Existing
Transmission Line
and Substation
Facilities

4. Environmental
Survey

4.1 Geographical Map

of Area

4.2 Initial
Environmental
Evaluation (IEE)

4.3 Environmental
Impact Assessment

1,1 Specification of Bach Facility
1.2 Qperational Records
1.3 Others

2.1 Specifications and Drawings of Re-
usable Equipment/Facilities

2.2 Structure Foundations

2.3 Site Survey of Re-usable
Equipment/Facilities

2.4 Interface with New Plant

2.5 Specifications and Drawings of
Regional Heating Steam Piping

2.6 Histoxry of Facility
3.1 Facility Specifications and Drawings
3.2 Structure Foundations

3.3 rParametexrs/Constants for Power
System Analysis

4.1.1 Geographical map of area within 30
km in radius from project site with
contours '

4,2.) Ground Meteoroclogy

4.2.2 pollution Survey

4.2.3 Hatural Environment in the
Eavironmentally Affected Area

4.2.4 Social Environment
4.2.5 Examples of eavironmental studies

4.3.1 Environmental Impact Assessment
" (BIA) ‘

4.3.2 survey on the Temperature Rise of
the bLake Water

August 31,1995
August 31,1993
August 31,1995

August 31,1995

August 31,1995

August 31,1995 -

August 31,1995

August 31,1995

August 31,1995
august 31,1995
August 31,1995

hugust 31,1995

August 31,1995

August 31,1995
August 31,1595

August 31,1995

August 31,1985
August 31,1995

February 28,1996

February 28,1996




Score . of Study -

Date of

Item
. _ Submission
5. Geographical 5.1 Topographical Map (Production of August 31,1995
Survey fox Land Survey Map: Scale=1/1,000, 1
Facility meter contour intervals, for
Construction approximately 1.1 km? area)
5.2 production of Facility Layout August 31,1995
6. Boring Survey (all-core, 30m/bore, 8 31,1995

6. Ceologicél Survey

7. Hydrology
Observation

8. Study of
Bquipment/Material
Procurement

9. Study of
Construction Cost

10. Constraints on
Power Plant Design

11. Other Assistance
and Advice _
regquired forx the
Site Suxvey

bores, 240m) and Production of
Geolegical Cross Section Chart
{Scale=1/1,000, 4 to 6 cross
sections) within Power Plant Premlses

7. Hydrologlcal data are measured by
water level gauges. to be installed

8.1 Machine repair shops, their
technology level, and past
pexformance

8.2 Specification and prices of locally
procurable items

8.3 Cost of Construction eguipment,
materials, and labor in each
occupation :

8.4 Taxes on constrqction materials

8.5 Current market pfices and future
prospect of limestone and gypsum

9. Unit labor cost in each occupation
engaged, major contractors in
Bulgaria and their past.performance

10.1 Regulation by natlonal and local
governments :

10.2 HER's in;érnal regulations and:
standards

10.3 Opezattonal rules other than leqal
provisions

10.4 Constraints on unloading,
transportation xoute and transport of
heavy articles

il. assistance and advice required by
the Study Mission for the on-site
surveys '

August

February 28,199%¢

August

August
August
August
August

August

august

August
August

August

February 28,1996

31,1995

31,1995
31,1995
31,1995
31,1995

31,1995

31,1995
31,1995
31,1995

31,1985




,
&.M‘i'

The Feasibility Study
on
Maritsa East No.1 Replacing Thermal Power Plant
for
Improvement of the Performance of the Units
and
- the Environmental Protection

THE MINUTES OF MEETINGS
between

ENERGO PROJEKT AND JICA F/S TEAM

in Sofia, July 3, 1995

«J’QW_/

BORIS  IWANOV “USURO INOUE
Ch:‘i" r\an Leader of JICA F/S Study Team
ENERGG PROJEKT






This is to confirm that the contract agreement regarding local investigation
reconsignment has been settled between ENERGO PROJEKT (hereinafter referred
to as BGP) and JICA F/S Team (hercinafter referred to as JICA) through the follow-

ing procedures.

1. JICA explained to EGP the contents of local investigation to be re-consigned, on
June 16 (Friday), 1995. ' '

2. EGP offered their proposal from J ICA's requirements on June 22, 1995.
Total estimated antount is US$ 208,126 only. It includes pricing for the below
items newly stipulated by EGP, in addition to that for items 1 through 11

regquested by JICA, . .
Item 12. DHI mailing cost _ Uss  1,000.-
Item 13 Project management cost US$  17,500.-
Item 14 Contingency _ USs 10,000.-

3. The meeling was held between EGP and JICA in ME-1 P/S on June 29(Thu.) and
g’ the following mutual agreement has been reached.
(1) Total contract amount UsS$ 109,150.-
(2) Local investigation itemns to be undertaken by EGP are as per the attached
sheets. '
(8) Terms and conditions
i} Each investigation shall be carried out as contractual liability, :
but not on_a man-menth basis.
i) Each pricing shall be deemed to include for items 12, 13 and 14,
in) All reports and data collected shall be written in English.
(4) Other quoted unit prices such as translation and interpretation shall be
_applicable to optional jobs other than those listed in the attached sheels.

x, 4. The contractual jobs shall be commenced immediate after sign of the contract. -

5. EGP stated that they ave prepared to do the best to salisfy JICA's requirements
although some discrepancy may be caused by difference in practice between
Bulgaria and Japan, and that eventually EGP's fullfilment and engineering capa-

- bility/ability to be acknowledged and af)preciated. ‘
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THE FEASIBILITY STUDY
ON
MARITSA EAST NO. 1 REPLACING THEAMAL POWER PLANT
FOR
IMPROVEMENT OF
THE PERFORMANCE OF THE UNITS
AND

- THE ENVIROCNMENTAL PROYTECTION

THE MINUTES OF MEETINGS

between

ENERGOPROEKT AND JICA F/S TEAM

Agreed upon in Sofia Bulgaria
on March 1,1995.

0.,

~BorisIVANOV, J-duro INOUE,
ClHairman ‘ ' eader of F/S STUDY Team

ENERGOPROEKT JAPAN INTERNATIONAL COOPERATION
: ' AGENCY



Abbreviations

EGP : ENERGOPROEKT
JICA : Japan International Cooperation Agency
JICATeam : Feasibility Study Team from Japan {nternational Cooperaticrn Agency

This is to confirm what were discussed, confirmed or égreed upon between EGP and JICA
Team in the meeting held in EGP's Scofia Office on March 1, 1996,

1. JICA Team and EGP checked and clarified one by one the reconsigned items stipulated in
the Specification in the contract between JICA Team and EGP, in comparison with the
study results made and submitted by EGP, so far.

JICA Team confirmed that EGP had completed their duties and submitted to JICA Team all
outstanding dataon March 1, 1996,

The items {1 through 11) and data of receipt of each are clarified in the attached list.

2. JICA Team agreed that they will make the final payment pursuant to an Article 7.4 of the
contracl, in due course.



{Contents of Data to be collected)

Detalled Specification

Item Scope of Study Date of
. 5 — : Receipt
1. Survey of Existing|1l.1 Specification of Each Facility August 31,1995
Power Plant
Facilities 1.2 Operational Records August 31,1995
1.3 Others August 31,1995
2. Survey of Items 2.1 specifications and Drawings of Re- August 31,1995
Re-Usable in New usable Equxpment/?acxlltles
Plant
2.2 sStructure Foundations August 31,1995
2.3 site Survey of Re-usable August 31,1995
Equipment/Facilities
2.4 Interface with New Plant Augqust 31,1935
2.5 Specifications and Drawings of August 31,1995
Regional Heating Steam Piping
2.6 History of Facility August. 31,1995
3. Survey of Existing| 3.1 Facility Specifications and Orawings | Auwgust 31,1995
Transmission Line )
and Substation 3.2 Structure Foundations august 31,1995
Facilities
3.3 ParameterleonsLantq for Inwer RAegust 31,1595
System Analysis
4. Environmental r
Survey
4.1 Geographical Map |4.1.1 Geographical map of area within 30 ] August 31,1995
of Area km in radius from project site with o
.contours
4.2 Xnitial 4.2.1 Ground Meteorology: August 31,1995
Environmental : -
Evaluation {IEE) 4.2.2 Pollution Survey August 31,1995
' 4.2.3 Natural Environment in the. August 31,1995
Environirentally Affected Area
4,2.4 Social Environment - August 31,1995
4.2.5 Examples of environmental studies {August 31,1%95

4.3 Environmental
Impact Assessment

3.3.1 Environmental Impact Assessment
(BIA)

4 3.2 Survey on the Temperature Rise of
the Lake Water

February 28,1996

February 28,1996




Item

Scope of Study

bate of
Receipt

5. Geographical
Survey for
Facility
Construction

6. Geological Survey

7. Hydrology
Obsexvation

g. Study of
Equipment/Material
Procurement

9. Study of
Construction Cost

1Q0. Constraints on
Power Plant Design

11. Other Assistance
and Advice
required for the
Site Survey

5.1 Topographical Map (Production of
Land Survey Map: Scale=1/1,000, 1
meter contour intervals, for
approximately 1.1 km? area)

5.2 Production of Facility Layout

6. Boring Survey {all-core, 30m/bore, 8
bores, 240m) and Production of
Geological Cross Section Chart
{Scale=1/1,000, 4 to 6 cross
sections} within Power Plant Premises

7. Hydrological data are measured by
water level qauges to bhe installed

3.1'Machine repair shops, their
technology level, and past
performance

8.2 Specification and prices of locally
procurable items

8.3 Cost of Construction equipment,
materials, and labor in each
occupation

8.4 Taxes on construction materials

8.5 Current market prices and future
prospect of limestone and gypsum

9. Unit lakor cost in each occupaticn
engaged, major contractors in
Bulgaria and their past performance

10.1 Regulation by national and local
governments

10.2 NEK's internal regulations and
standards

10.3 Operational rules other than legal
provisions

10.4 Constraints oa unloadiag,
transportation route and transport of
heavy articles

11. Assistance and advice reguired by
the Study Mission for the on-site.
surveys '

August 31,1995

August 31,1995

hAugust 31,199S

February 28,1996

August 31,1995

August 31,1995

August 31,1995

August 31,1995

August 31,15%5

August 31,1985

August- 31,1995

August 31,1995
august 31,1995
August 31,1995

March 1,1996
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CHAPYER 7 .= ACTUAL STATE OF THE ENVIRONMENTAL PRESERVATION
MEASURES OF THE WORLD

Teemendous improvement has been brought about by the promotion of economic activities, but on the
other hand, such problems as the destruction of the Ozone layer, Green House effect of CO;, and others,

Acid Rain caused by SO, and NO,, desertization, destruction of Tropical Rain Forest by
indiscriminate felling, and trans-boundary movement of noxious waste are being actualized, and these
problems are having a global effect that goes beyond a country’s boarder.

Since the environmental problems of the earth are on a large scale and will have an effect on all the
world, they are regarded as one of the most important issues of the present world that have to be
grappled with by every country concentrating all the wisdom.

Among the environmental problems of the earth, the issue of the global warming and the issue of acid
rain are of most importance and each issue is being studied internationally.

The first international conference on the énvironmental problems in general was the "United Nations
Conference oit the Human Environment (UNCHE)" held in June 1972 in Stockholm of Sweden. And
"Declaration on Human Environment” and "International Action Plans of the Unite Nations" adopted
there have come to be the basic guiding principles of the world's envitonmental policies and various

international conferences have been held since then.

And in June 1992, ex’aclly 20')eé‘us later, "United Nations Conference on Environmental Development
(UNCED)" which has a by-name of "Global Summit” was held in Rio de Janeiro of Brazil. At this
conference, with the pamclpanon of apprommately 170 countries from all over the weorld, "Rio de

 Janeiro Declaration on Environment and Development", *Agenda 1 and 2", and "Statement of
Principles on Forest” were adopted based on the discussion of strategies and/or prescriptions as to how
to adequateiy cope with the environmental problems that arose in the course of the development
actmues of the mlemanonal societies, and *Framework Conversion on Climate Change (FCCC) and
“Convention on Blologncal Dwersaty “ ere s:gned

74 ‘:ssu"e of Global Warming

The issue of Global Warming is a problem that there is a possibility of an increase of
atmospheric temperature as a result of the increment of the atmosphere’s absorption of heat
radiation from the earth that is caused by the increase of concentration of Carbon Dioxide,
' Methane and other gases {Green House Effect Gases) produced by consumpnon of Fossil
" Fugls and by destruction of Forests. Though there are ome unknown areas as to the actual

7-1



7.2

7.3

. state ‘of the emission of greén house effect gaSes‘ and their influencing mechanisms, this

problem has come to attract an interational atiention rapidly since there is a possibility that it
may influence the human being’s life environment and ecosystem.

" The issue of global warming was taken up on the occasion of Toronto Summit in June 1938

and Tbronlq Meeting that was held immediately after that, and it resulted in the establishment

~ of the "Intergovernmental Panel on Climate Change (IPCC)" as a central organ to study the
- issue of global warming in November 1988 cosponsored by "United Nations Environment

Program (UNEP)" and "World Meteorological Organization (WMO)", wherte evaluation of
scientific knowledge and formularization of socioeconomic influences and countermeasures

- are being carried out, and the role to be performed by each country in preventing the global
. waming . was determined by the above-mentioned “Framework Conversion on Climate

Change (FCCC)" that was adopted at the Global Summit.

[

Issue of Acld Rain

Acid Rain is caused by such pollutants as SO, and NO, that are mainiy 'p'roduce‘d in the
process of combustion of fossil fuels and emiited into the atmosphere and resolved with the
cloud and fain dew to generate sulfuric acid, nitric acid and other acids, and evemuaily !‘all
down to the ground contained in the rain andfor thunderstorm. The damages have. been
reported mainly in European and American counlnes and 1l especially came to be nouced in
the 1970’s in Europe.

The convention on the "Long Range Trans- boundaxy Alr Pollution (LRTAP)" was cohcluded
at the "United Nations Economic Commission for Europv (ECE}" in 1979 wuh regard to

~ sulfur oxides, and cutdown of su!fur oxides by 30% {to be achieved by 1993 agamst the actual
emission level in 1980) was officially adopted as a protocof | for the convention in He!smkn in

1985 which came into eftect in September 1987.

With regard to nitcogen oxides the "Conference on Long Range Trans boundary Air Pollutlon

was held in Sofia of Bulgaria in 1988 sponsored byECand a “Pm!ocol on Restncllon of the
Emission or Trans-boundary Movement of Nllrogen Oxides to Prevent the Damages Caused
by Acid Rain" (to request each country 1o freeze the emission of nitrogen oxides at the level of
1987 by the year of 1994) was adopted. | - o . |

- World's Environmental Standards and Emission Standards .

Major counlnes enwronmen!al s!andards are shown in Table ?-3-! and thelr present emlsslon
standards which have |aken lhe above- memmned mtcmahonal agreements mto account are



7.4

7.4

D)

shown in Table 7-3-2. It should be specifically noted that the emission standards have become
severer in all the countries in comparison with the former standards.

Environmentat Preservation Measures of the World
Counteimeasures for Sulfur Oxides

Types of Flue Gas Desulfusization (FGD) Process

A large varety of FGD methods are being used, but many of them are similar in their
principles. Such methods are categorized also in a variety of ways, but they are generally.
categorized into wet, semi-dry and dry methods depending on the use of water in their
absorption process..

Judging from the current trends of FGD technologies in the world, the limestone method,
where timestone slurry is used as the absorbent, is popular among the wet methods, and being
employed at many utility plants. '

* ‘The spray-dryer method is popular among the semi-dry methods. The spray-dryer method
" corresponds to the semi-dry method.” This method has not been employed in Japan at coal

fired power plants although it has been employed at many plants in Europe and the USA.

Dry methods include the activated coke method which uses activated coke as adsorbent and
the electron beam method where ammonia is injected into flue gas and irradiated with electron
beam. The activated coke method is in the stage where data are accumulated at utility plants
and the electron beam method is in the stage of testing at demonstration plants.

From such wet, semi-dry and dry FGD methods, the seven methods were selecled; based on
their past pérformance at coal fired utility power plants. The eleclron beam method
described in the table, however, has not been at utility plants, but the method was inctuded in
the technical comparison just for reference because the method is atteacting much aftention

worldwide and development activities are going with the pilot-scale plants.

" These selected seven methods are outlined as follows



Flue Gas
Desulphurisation

System

(2

o ~— Limestone-Gypsum proces (Spray Tower Method
—Wet Type ypsum proces (Spray ethod)

|__ Limestone-Gypsum proces (Jet-Bubbling Method)
s Spray-Diyer Method

"=~ Semi Dry Type 1 Limestone Injectioninto Fumace Method -

-S_laked Lime Injection into Flue Gas Duct Melhod

- Activated Coke Method {(Regenerable)

L Dry Type .
| Electron Beam method 7

(As reference; Under R &D stage with Pilot Scale
plant Test)

‘Wet Type erestone-gypsum Process - Spray Tower Method )

leestone (CaCO;) sturry is sprayed to flue gas in a spray tower 1o absorb sulphur oxides
{SOx) of the flue gas for desulphurization. The limestone sturry thus sprayed reacts with
absorbed sulphur oxides and forms calcium sulphite (CaS0;).. - Caleium sulphite thus formed
is oxidized further and discharged in the form of gypsum (CaS0y).

‘Major reactions which occur in this method are as follows:

[Absorpuon]

@)

CaC(y +8SO; + 1ﬁHz() - CBSO]"QH;O + CO;

{Oxidation]
CaSO,;el,O + 30, + th;O —> CaSO;-QH;O

The flow of these reactions is shown in Figure 7-4-1,

The process flow of this method is shown in Figure 7-4-2.  This method consists of a draft
system, a limestone slurry preparation system, an absorbing system, a gypsum secovery system,
etc. ' '

Draft System

The flue gas from boiler is pressurized by a boost-up fan (BUF), subjected to heat exchange
at a gas 1o gas heat exchanger (GGH) with treated gas from FGD outlet, and enters the
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‘ (c)

=(d) :

spraying absorber, Here, the flue gas temperature is lowered to the saturation temperature
by spraying part of the absorber circulating liquid. The cooled flue gas is then uniformly
dispersed and rectified in the absorber, comes into contact, face to face, with slurty at the
absorbing portion, where sulphur oxides in the flue gas are absorbed and dust in the flue gas
is removed by the scrubbing in the absorber.

After the desulphurization, mist inctuded in the flue gas are removed at the mist eliminator

which is existing at the upper part of the spraying tower.

After removal of sulphur oxides and dust, the treated flue .gas is led again to the GGH,
where it is heated by flue gas from boiler, and then discharged from the stack.

Limestone Sturry Preparation System

Limestone (powder), used as absorbent is stored in a limestone powder silo.  The liméstone

- powder is fed to a limestone slurry tank through a limestone metering feeder.  Water is also

added to the limestone slurry tank at a specified rate. Limestone powder and water are
made into llmestone slurry, and the limestone slurry is kept i in the limestone slurry tank,
Necessary amounts of limestone slurry are pumped from the tanl-. by limestone slurry pumps
to a_cnrculanon tanks exisling at the bottom of the absorber. Waste water of gypsuin
dehydréﬁon is usu'ally' used for preparing the limestone slurry. o

Absorbing Sys!em |

The abéorbing system, where the mixed shurry of limestone and reaction products is sprayed
in the absorber, is the most important system on the desulphurization and the dust removal
efficiency of the FGD.  The mixed slurry sprayed in the absorber falls while absorbing and
removing sulphur oxides and dust of the flue gas and the slurry is stored in the circulation
tank existing at the bottom of the absorbes. Limestone slurry is added to the tank to
maintain the desulphurization performance of the mixed slurry, and the mixed shurry is:
sprayed again in the absorber tower for desulphurization. The air is blown into the

~ absorber circulation tank to oxid_ize calcium sulphite into gypsum (calcium sulphate).

Gy-psum Recovery System

When gypsum is to be recovered as a by-product the gypsum slurry from the absorption
system is dehydraicd by dehydrators to obtain gypsum in this system. Waste water from

~ dehydrators is usually used again as make-up waler for the desulphurization process.
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Wet Type Limestone Gypsum Process - Jet Bubbling Method

In this method the flue gas and the air t‘or oxmlauon are blown into an absorphon liquid of

hmestone sturry in a jet bubbling reactor (JBR) Sulphur oxides included in ﬂue gas are
absorbed and oxidized in this way, and gypsum is recoveted as a by- pmduct

The major reaction which occurs in this method is as follows:

{Abserption and oxidation}
CaCO, +80;+ !“.'01 +2H, 0> CaSOpZH;O +CQO;

The flow of this reaction is shown in Figufe 7-4:3.
The process flow of this method is shown in Figure 7-4-4.  This method consists of a draft
system, an absorbing system, a limestone slurry preparation sy'stem, a gypsum recovéry system,

etc.

Draft and Absorbing System

The flue gas from bo:ler is pressurized by a boost-up fan (BUF) subjected to heat exchange
at a gas to gas heat exchanger {G(}H) with lreated gas from FGD out!ct and pait of the
makeup water is sprayed to lower the flue gas temperature to the saturation temperature.

The flue gas of saturation temperature is led to the JBR and blown into the absorpnon hqmd
1hrough sparger pxpes and sulphur oxides and dust are absorbed ami removed from the flue

£as.

* Mists included in the flue gas at desulphurization are removed at a subsequent mist
eliminator. Afer desulphurization and dust remova), the treated flue gas is led again to the
GGH, where it is heated by ftue gas from boiler, and then discharged from the stack.-

Limestone Slurry Preparation System

‘Limestone (bowder), used as absorbent is stored in a limestone powder silo.  The limestone
powder is fed 1o a limestone slurry tank through a limestone metering feeder. Water is also
added to the limestone slurry tank at a specified rate. Limestone powder and water are
made into limestone slury, and the limestone slurry is kept in the limestoné slurry tank.
Necessary amounts of Tlimestone slurry are pumped by limestone sturry pumps and fed to the
JBR. Usually, waste water of gypsum dehydration is used as water for making the

limestone slurry.



(c) - Gypsum Recovery System

)

' {Oxldanon]

When gypsum is to be recovered as a by-product, the gypsum slurry from the JBR is
dehydrated by dehydrators to obtain gypsum in this system. Waste water from dehydrators
is usually used again as make-up water for the desulphurization process.

Spray Diyer Method

In the spray dryer method, slaked lime sluny is sprayed in the form of very fine droplet in flue

gas in a spray dryer absorber (SDA) to absorb sulphur oxide_s of the flue gas.

Water in the slurry evaporates by the heat of the hot flue gas. Sulphur oxides in flue gas
reacts, at the same lime, with staked lime (Ca{OH),) of the slumry, resulting a dry powder
mixture of calcium sutphite {CaS0;) and gypsum (CaSO_.;), which falls on the bottom of SDA
or is collected and removed by a subsequent dust collector.
Major reactions which occur in this method are as follows;
{Absorption]

Ca(OH)g + SO; + hH}.O -» CaSOyssH,O + Hzo

CaSOJﬂiH;O + 120; + 13,0 -> CaSO.,-Q}le

The flow of .lhese reactions is shown in Figure 7-4-5.

' The p'ro'cess flow of thi§ method is shown in Figure 7-4-6. This method consists of a draft

system a slaked lime slur:y prepa:ahon system, a sluny spraying syslem, a dust recirculation

' sys!em elc.

(a) Draft Syslem

The flue gas from boiler is led to SDA usually by an mduced dran fan (IDF) The
absosbent is spra)ed in the SDA and sulphur oxides are removed. The temperature of the
flue gas in the SDA is adjusted to an optimal operaling temperature range by the amouat of
concén{ration-adjusled slaked lime sturry sprayed in the SDA.  The temperature of flue gas
for optimal operalion is controlled to be higher than the saturation temperature by 10 to
20°C so that the flue gas can be in a dry state, '~ The reaction products generated in the flue
gas are panlly removed by the cyclone separation effect of. the SDA. The rest of the
reaction products is carvied to a subscquent dust collector, where the dust including the



reaction products are removed to achieve a level of concentration which meets regulations,
and the treated flue gas is discharged from the stack.

(B) Slaked Lime Shurry Preparétion System

Slaked lime or quick lime, used as absorbent, is stored in a storage silo, and fed to a slaked
lime slurry tank through a staked fime metering feeder.  Water is also added to the tank ata
specified rate to make supplied slaked lime into slurey and store it in the slurry form. '

(©)  Shinry Spiaying System

The slurry spraying sys'tem sprays the absorbent slurry in the SDA. - The absorbent slurry is
a mixture of the slaked lime slurry and part of the reaction products fallen to the bottom of
the SDA and collected at the subsequent dust colieclor.

The absorbent sfurry must be spra)ed in the form of very fine droplet, and rola:y atomizeis
are used for that purpose in large scale systems.

(d) Dust Recirculation System

The dust recirculation system removes the reaction products fallen to the boltom of the SDA
and collected at the subsequent dust collector, and recirculates part of the reaction products
to the absorbent sturry to improve the utitization rate of slaked lime used in the method.

{5) Limestone Injeclibn into Furnace Method

In this simplified FGD method, timestone (CaCO,) is blown into the high températﬁre region -
(about 1 100°C) of furnace to decarbonate !lmestone and partly absorb sulphur oxtdes at the
same time. In addition, water is sprayed ina reactor installed at a low temperature region
‘downstream of the air preheater, for further desulphurization when it is necessary to get better
deSOx efficiency. The by-product along with dust is collected at following dust collector.

Desulphurizing reaclions occur in the furnace and the seactor when water spray tower is
applied. Reactions which occur in the furnace and water spray tower are as follows:

{Reactiohs in furnace]
CaCO; — Ca0 +CO;
Ca0+ SO) + !'?O; -> CaSO4

* [Reactions in reactor] _ |
©Ca0'+ SOz + 1H,0 > CaS0yek:H,0



Ca0 + 50, +3:0;, + 4H,0  — CaSO402H;0
S0 +HO > H;SO0,
Ca0 + H;80; —» CaS0,e:H;0 +3:H,0

A process flow of this method is shown Figure 7-4-7.

(6) Staked Lime Injection into Duct Method

In this simpliflied FGD method, an absorbent of slaked lime (Ca(OH),) is blown into the duct
ata iow-temperature region following the air preheater. In addition, water is sprayed ina
subsequent reactor for further desulphurization when it is necessary to gel better deSOx
efficiency. Slaked lime is used as absorbent because of its high reactivity. The by-product
along with dust is collected at following dust collector.

" Reactioris which occur in th_is miethod are as follows:

[Reactions in duct]
Ca{OH); + 80; -» CaS0;¢:H,0 + :H;0
C&(OH); + 80, + 30, + H]O - CaSO4'2H;O-

[Reactions in reactor] _
301 + H;O -y sto_‘
. Ca(OH); + H,80; ~» CaSO;eH,0 + 312 H,0

A process flow of this method is shown Figure 7;4-3.

. (6) Activated Coke Method

In the activated coke method, activated coke used as adsorbent is filled in an moving bed type
adsorber in which aclivated coke moves by gravitation. Flue gas is passed through the

adsorber for adsorption of sulphur oxides. . .

As the adsorption efliciency of the absorbent deteriorates gradually, the adsorbent is
‘ continuously heated for regeneration in a desorber. Sulphuric acid or sulphur is recovered as

a by-product.

The adsorption and regeneration reactions which occur in this method are as follows:
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[Adsorption]
1/20; + [AC} — Qad-{AC]
SO, + Oad-[AC] — SOyad [AC)

{Regeneration}
505ad-[AC} + H2(C) > SO, + 12C0, + [AC]

The flow of the adsorbing reaction is shown in Figure 7-4-9.

The process flow of this method is shown in Figure 7-4-10. This method '_conéists of a draft
system, an adsorplion system, a regeneration system, a by-product recovety system, elc.

{a) Draft System

The flue gas is passed through the moving bed type adsorber, which is filled with activated
coke and in which the adsorbent moves by gravitation, so that sulphur oxides of the flue gas
is adsorbed. '

(b) Adsorption System

The adsorbent {activated coke) is fed to the top of the adsorber and then the adsorbent is
flowed down by gravity from the top of the adsorber to the bottom of it. = -

During the moving action, the flue gas from boiler is passed h'orizo'mally through the
moving bed (cross-flow contact) and sulphur oxides are adsorbed. The used adsorbent is
regencrated in the desorber, and then fed to the adsorber again,. '

(¢} Regeneration System (Desorption System)

The used adsorbent {activated coke) from the adsorber, which adsorbed sutphur oxides, is
- regenerated in the desorber for reuse. In regeneration, the used adsoerbent is heated to
about 400°C 1o free SO,-rich gas from the used adsorbent at the desorber. - :

(d) ' Recovery System T S ST _ | @

The recovery system recovers by-product from the SO;-rich ‘gas freed in the regeneration
system. The by-product is recovered in the form of sulphuric acid or elemental sulphur,
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Electron Beam Method

Such radicals as'OH, O and HO; are generated in flue gas by electron beam irradiation, and
SOx are oxidized and adsorbed by such radicals. Nitrogen oxides are also adsorbed at the
same time, and they undergo neutralizing reactions with ammonia (NHa} which is injected in
ﬂue gas, angd recovered as by-products in the forms of ammonium sulfate ((NH,),80,) and
ammomum nitrate (_NH..NO,)

Oxidation and neutralization reactions in the process are as follows:

[Oxidation]
OH OH
SO; —> HSO; -> HzSOq

- 8O3 — H;804
0O HO
[Neutralization) .
H1504 + 2N}‘l3 —¥ (NH.{)ZSO.‘

A flow diagram of these reactions is shown Figure 7-4-11, and the process flow of this method

is shown in Figure 74-12.

Téndency of Introducing Flue Gas Desulfurizer -

 Flue Gas Desulfurizers were introduced in Japan and in America in the 1970's for the first

time.

These have adopted mainly the dehumidification method which utitizes coal and/or lime
stones as the absorbent and obtains gypsum as a byproduct. The introduction of FGD
increased by the adoptlon of severer standards of environmental standards and it increased
rapidly especially in the 1980's in Europe, and is slill on increase in the 1990's. Tendency of
the introduction of FGD since 1972 is shown in Figure 7-4-13. As of the end of 1993 FGD's

are in. operatlon in 22 countries in the world and addmonal six countries are now considering

its introduction.

In Figure 7-4-1 and Figure 7-4-2 are shown the state of new installation and renovation of the
existing facilities of FGD. As shown in the Figures the wet system forms the mainsiream
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accounting for 86% of the existing FGD capacity while semi-’Wet-syStgm accounts for
approximately | _1% and dry system accounts for the rest 3%.

improvements have been made in not only the cost reduction but alé_d in the effect of
desulfurization as well as the purity of byproducts and the system's reliabiiity with the recent
FGD system, and a wet system has been developed which is bapablle"_of performing
desulfurization and production of byproducts maintaining a desulfurization efﬁciency of more
than 95% within one column. |

Countermeasures for Nitrogen Oxides

There are two generation processes available for NO, that is generated in the course of
combuslion reactions. One is Thermal NO, that '_is generated when nitrogen molecules in the
atmosphere are bonded with oxygen at a high femperature, and the other is Fuel NOy that is
generated when nitrogen compounds contained in fuels are oxidized in the process of
combustion. |

Technologies for reducing nitrogen oxides are roughly classified into Combustion
Improvement Technology that is to control the generation of NOy in the process of combustion
and Flue Gas Denitration Technology that is to remove the generated NO, from the exhaust
gas. At the present thermal power plants in the countries which have imposed: rigorous
environmental standards these two technologies are applied in combination. : '

Combustion Improvement Technology

: ’Ihe following methods have been adopted as a combustion method to restrain the generatlon

(a)

®

of NOy in the boiler.

Reduction of Excess Air Factor

This is a method to restrain the generation of NO, by reducmg the asr supply to the boiler in
order to reduce the excess air in the combustlon area.

Reducuon of Temperature of Air for Combustlon

. In general a boiler is operated with combustion air of approx;mately 250 to 350 degrees
Celsius and it is possible to restrain theé generation of NO, by lowering this temperature to
lower the combustion temperature. :
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Two-Stage Combustion

The two-stage combustion method is to supply the combustion air in two stages; at the first
stage (in the bumer section) combustion is made with an air ratio of less than 1; then from
the 2nd stage insuflicient air is made up for to make a complete combustion. The less is the
air at the first stage, the more is the effect to reduce the NO,; but sufficient caution is

' necessary as there is possibility of instable combustion or increased generation of dust.

Recirculation of Flue Gas

~This is to reduce the generation of NO, by maintaining combustion at a slow pace with

towered ter_nperaturé which is made possible by reduced concentration of O, in the
combustion air by sending a part of the flue gas into the combustion air. The more is the

_quantity of recircu!ation, the more instable is the combustion. Therefore 20 to 30% is
thought to be maximum against the quantity of the combustion air. |

Improvemeﬁt of Burner (Low-NO, Bumer)

Roughly speaking there are following three methods to restrain NO, by means of the
structure of the bumer.

1) to slow down the combustion, diffusion and mixing of air
2) 1o enhance the ununiformity of combustion
3) to enhance the heat radiation of the flame

- The method (a) is to aim for the effect of temperature restraint which means to lower the

flame temperature by lowering the heat generation ratio of the flame.

The method (b) is to use some burners in the state of excessive combustion while arranging

- some bumers of excess air and/or feed pipes of air around them, or to control the

distribution of combustion of a bumer flame to be uneven. In other words this is a
combustion method not to match the fuel supply wilh the air allocation, which is a kind of
method to cause a nonstoichiometric combustion.

- The method (c) is to aim for reducing the convection time of the combushon gas at a high

temperature by making the flame shape have the largest heat radiation by means of
conirolling the mixing method of fuel and air.
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Actual low-NO, bumers have adopted various methods to combine the above mentioned (a),

(b) and (c) methods. In Figure 7-4-15 and Figure 7-4-16 are shown the structure of the
bumner flame and the principle of NG, reduction.

~ Heat decomposition is enhanced while the initial mixing of the fuel with the inner-circle

secondary air and outer-circle secondary air is resteained in order to enhance the ignition of
powdered coal and to generate high—tempéralure, fuel-excessive flame for reduction in a
stable manner in the combustion area of volatile component that is denoted as A in the
ﬁgure. By consuming oxygen in the primary air to mai ntain stable i gnition and flaming, Fuel
NOis dis_charged that is generated from the volatile organic nitrogen o_:ompoi:iici in the coal

at the initial stage of combustion (when the combustion of volatite components precedes).

[n the figure, B is the area to generate reducing agent such as the intermediate products of
hydrocarbon famity (*HC) by having the carbon content of coal that is 'dischaiged in the
process of heat decomposition to react with hydrogen in the !ow-oxygén atmosphere in the
central part of the flame in the slip stream of A. In the NO;—dlec':o‘IﬁpOS{'tibn: area C the
denilration reaction occurs between the Fuel NO that is generatéd in A and intermediate
products of hydrocarbon family (*HC) that is generated in B and existing in the flame, and
they aré reduced to N, via nitrogenous intermediate products (*NX). '

In the figure, D is the outer flame part that has contact with the innes-circle secondary air
and it is the Char Combustion Enhancement area which is formed in the slip stream of C by,
the revolving force of the outer-circle secondary air to generate stable high-temperature

* flame while a small amount of NO is generated by the oxidation reaction of N components

thal remain in the Coal Char (Char-N) when combustion of ¢oal particles proceeds. In the
Complete Combustion area of the flame’s slip stream combustion of char is enhanced while
restraining the phenomena that N components in the char is converted into NO. This burner

- has the characteristic to volatilize the nitcogen compounds contained in the coal particles

tuming them into the gaseous layer at an initial stage of combustion by enhancing ignition,

‘and to restrain the succeeding conversion into NO.

Fumace Denitration

Fumace Denitration is to reduce NO that is generated in the combustion’ chamber using

 hydrocarbon within the combustion chamber. Fumace Denitration consists of two processes.

The first process is the reduction of NO by hydrocarbon. The following three conditions
have 10 be satisfied to materialize this process.
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- Atmospheric temperature has to be more than the hydrocarbon’s decomposition
temperature (= approximately 900 degrees C).

- Existence of Oxygen '

. ‘The quantity of reducing hydrocarbon to be mixed has to be more than the chemical
equivalent of the existing Oxygen.

Under these conditions NO in the exhaust gas is decomposed in accordance with the
following formula. '

CnHm+Q, — Cn'Hm™ +CO+H,0
NO + CnHm** —* Cn"Hm"* + N, +H,0+CO

or
NO + CnHm'* — Cm“Hm*" + NHi + H,0 +CO

In the above formula * denotes the sadicals at an initial stage of chemical reactions and NEi
represents N compounds. ' ' '

The second process is the complete combustion of components that are yet to be combusted
and the following two conditions are needed there.

- The atmospheric temperature is to be more than the reaction temperature of the
compounds to be combusted. S

- To supply such amount of oxygen as enough to climinate the yet-to-be-combusted
compounds, provided that the supply of oxygen is to be preferably made gradually with a

low oxygen concentration.

Under these conditions the following formula are possible for the combustion reaction of the
- yet-to-be-combusted compounds.

Cn"Hm" + O, — H, 0+ CO;
CO+0Q; — COy

S NHi+0; = N +tHO .

.. NHi+0, = NO+H,0

In the case of actual boiless the reduction fuel is added at the top of the main bumer with a
ratio of approximately 10% against the main fuel. Then add air for combustion of the yet-to-
- be-combusted fuel with a ratio of 20% against the entire air for combustion, from the
position higher than the port that is used to throw the reduction fuel in. In Figure 7-4-17 is
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(b)

shown the Fumnace Denitration model. In the figure, UB denoles the port used to throw the
reduction fuel in, and AA denotes the port used to add air for combustion of the yet-to-be-
combusted fuel. A part of the main fuel may be used as the reduction fuel and it is good for
any fuel to include heavy (crude) oil, gas, and coal and the denitration efficiency is 30 to
50%. The height of furnace becomes higher by a few meters in comparison with the regular
furnace when Fumace Denitration is adopted. ' '

Flue Gas Denitration Technology

The Selective Catalytic Reduction Melh_d_d is the mainstream in the world as an flue gas
denitration technology and is in use most widely. Only this method is adopted as the Flue Gas
Denilater for targe-scale boilers especially.

Characteristics _
This method is to reduce NO, into N, and H,0 by making it to react with emmonia on a

catalyst selectively and it has the following charactexistics.

- Operation is easy as it has simple processes, and it is a very reliable denitcatet which has
little troubles. o ' _ o

. It has no necessity of waste water treatment as il is a dry method, and it does not need
reheating of flue gas either.

- Ahigh denitration performance is obtainable.

- No byproduct is genezated. : _

- Because of its simple operation procedures, it can easily act in concert with the source of |

gas generation.

Outline of Processes

Basically the said processes consist of the denitrater itself which conducts denitration
reaclions, NH, injector fo inject the reducer, i.c. NH, into exhaust gas, and NH, supplier.

The general process flow as applied to  Flue Gas Denitration for Coal Fired Boilers is as
shown in Figure 7-4-18. Though an actual process flow varies depending on the
manufacturer of the denitrater and on the conditions of the site where it is installed,
explanation on the outline of the process is hereby given based on tkis ﬁgure.

“The flue gas from the boiler is mixed with NH, injected from the NH; injection nozzle, and
is led inlo the denitration reactor by way of gas distribution board etc. Here NOj in the flue
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gas reacts with NH; selectively on the surface of a catalyst in accordance with the following
chemical formula and is reduced  to N, and H,0, and then sent to the tail-end facility.

4N0 + 4N[”IJ + 02 e 4N2 + 6 Hzo
NO +NO, + 2NH, — 2N; + 31,0

There may be a case that a soot blower equipment is installed in the upstream of the
denitration reactor in the event that there is any probléem of clogging with the denitration.

reactor such thata lqt of dust is confained in the gas.

On the other hand, NH; used for reduction is transperted by tank trucks or something and is

stored in the liquefied ammonia tanks.

And after being dituted by a part of the air of Forced Draft Fan for beilers (hereinafter
referred to as FDF) it is injected into the exhaust gas evenly from the NH; injection nozzle,

It is a general practice to obtain the quantity of NH, to be injected by obtaining the quantity
of NO, that flows into the reactor from the NO, concentration at the entrance of the

denitrater and from such signals as the boiler load signal that represents the total gas
quantity, and by multiplying the obtained quantity of NH, by a certain NH,/NO, (hereinafter

referred to as Mole Ratio simply).

As for the shape of catalysts, lattice, plate, grain and other shapes have been made for

practical use as shown in Figure 7-4-19.

In generél the denitration catalysts are filled in a catalyst container (which is called as pack,
modute, basket, unit, and block etc.) when in use, '

(3) Trend of Countermeasures for Nitrogen Oxides

Most boilers have adopted a Combustion Improvement Method when they need
countenmeasures for nitrogen oxides.

However, the aforementioned SCR is also used in the countries where they have very rigorous
emission standards for NO,.

The introduction of SCR technology into coal-fired boilers was first made in Japan in 1980,
then it came to be introduced in such other countries as Germany and Austratia in Euvrope
initiated by the commencement of operation in FRG in 1985.



 In Figure 7-4-20 is shown a change of the world's total plant capacity where SCR technology
has been introduced, o : R
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Table 7-3-1  Air Quality Standards in Major Countries

(mg/m°N) -
Cotintry Conditions SO, NOx .Dust
Bulgaria - Maximum 0.5 06 0.5
transitori value (NO,0.6)
Daily.av. 0.16 0.1 0.25
“ - (NO, 0.06) a
Annual av. 0.05 _ 0.1 0.15
. EC*  Daily |(N0,0.1-0.18)| (0.1-0.15)
Year(median) | 0.08 ~ 0.12* 008
Winter 0.13 ~ 018" 0.13
Yeatr{mean) 0.25 / 0.35* [(NO,0.04 -0.06) 0.25(0.04-0.06)
italy 30min av. 0.75 0.6 :
(0.3ppm) (0.3ppm) _
2 hr. av. - " 075 -
Daily av. 0.38 0.2 0.3
{0.13ppm) (0.1ppm)
France Daily av. 1
a o (0.35ppm)
Spesial Area of Paris
0.75
_ _ | _ (0.29ppim}) _
 Germany Daity av, 0.40 0.30 0.20
{0.1dppm) (0.15ppm)
Annusl av. 0.14 - 010 0.10
(0.05ppm) | {0.05ppm)
Japan . 1 hr. av. O.ippm 0.20
Dai!y av, 0.04ppm 0.04-0.06ppm 0.10
US.A. 3 hr. av. 13 .
' | | | (0.46ppm)
Daily av. 0.36 G.15
' (0.13ppm)
Annual av. 0.08 0.1 0.065
' (0.03ppm) (0.05ppm)

* Note : Associated value for Dust
#+  Parcnthesized values mean guide values for NO,and Pust
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Tab!e'7-3-2 “Emisslon Standards of Coal Fired Plants in Major Countrles

. Country |Conditions S0, No. Dust ‘Remarks
' B Mt mg/m® mgita® | . mg/m® :
| Bulgada - 650 600 100 domestic coal
‘ i — 650 600 80 imported coal
EC >500 | 400mg/mNor | 650 50 -
>90% S removal o
France =500 800 650 50 Boiler operating ime < 2200 hy -
' Z500 400 650 50 Plants using coal with special unabla to
' ‘ meet standards to achieve 90% s
o _ removal
italy FBC300- 1600-400 300 50
500 ' ' g
300-500 1600-400 650-200 50
>500 400 . - 200 - 50 >2200 hiy
Japan * - individually set 200ppm 100 aclually, more skrict fimits are set under
according to agreement with loea! government
natonally-defined .
formura : .
USA >73 1480 740 4o ‘bituminous coakfired utiity plants |
' and 65% | and $9% ' _
>73 1480 . 615 40 - | subbituminous coalfired utilty plants
' and€5% | and 99% | 'i
>73 1480 740-930 40 fignita fired plants
) and 99% |depending on mine location and fumnace
' typa -~

* Note 1 1a Japan, for SOy more stingent specral’ standards are set based on a nationa! form u!a calted the K- va!ue

conlrol standards’, which determines the emission imils.

and

emission imit {mh) = KX 10° X He?
where K = constant, deicrmined for 100 ateas by the palional government based on air qua!ijiy (gcnefal'suindsrds K-
3.0 - 17.5 (16 levels) ; special standards, apptied only {o new plant, K= 1.17-234 (3 Jevels)

He = effective stack height in meters (the effecrive stack heiéht isthe sum ol'aclual stack height plus the average

plume rise height) : .
Furthermore, within particularly polfuted regions, thcrc are also limits for SO; aad Nox on ihc otal mass emissions t‘rom

cach region.




Table 7-4-1 New and retrofit existing FGD installations on coal-fired units (to end 1993)
(IEA Coal Research, 1994b)

Country New i Retrofit Not known

no MWe no  MWe no MWe
Austria 4 1102 7 748 -~ -
Canada 2 750 2 306 - -
China 2 720 - - L. —
Czech Republic - - - 200 - -
Denmark 4 1265 : 4 1690 ‘ - -
Finland { 560 13 2062 - -
France ot - 600 - - 2 210
Germany 27 6363 178 37184 - -
Hong Kong .- - 1 350 - -
India . _ - - 1 500 - -
ltaly - - - 1 30 _ i 717
Japan 19 9923 27 5286 t 40
"Netherlands . 2 1295 5 211 - -
Norway - - - - 1 30
Poland : - - 8 906 - -
Russian Federation - - l 130 -~ -
Sweden : 7 255 1 3642 - -
Switzerland . - - 1 100 - -
Taiwan - - 2 1000 - -
Turkey 3 36 2 300 - -
United Kingdom - - 2 1320 - -
USA 129 60830 o104 22810 30 1572

Table 7-4-2 New and retrofit planned FGD installations on coal-fired units (after 1393}
{{EA Coal Research, 1994b)

Country New Retrofit . Not known

o MWe 0o MWe no - MWe
Austria . - - 1 114G - o=
Bulgaria : - ' - 1 210 - -
Canada : - - 2 1020 - -
Czech Republic - - 5 640 2 660
Denmark 1 415 1 600 - -
France . - - - - 3 1800
Germany 3 4650 14 5740 - -
Hong Kong - - 1 350 - -
Italy 10 5240 9 3380 - -
Japan 9 6112 - - - -
Poland 6 2160 8 2240 - -
Russian Federation - - 2 515 - -
Slovak Republic - - 2 220 - -
Slovenia - - | 275 - -
Spain 4 1150 4 1380 - -
“Taiwan 4 2200 6 2300 - -
Thailand 2 600 - ' - - -
Turkey - - 16 3090 - -
Ukraine 1 300 - - - -
United Kingdom - - 8 4543 - -
USA ' 3l 14420 39 19077 11 917




Table 7-4-3  Types of existing FGD installations on coal-fired units (to end _1993) _
(IEA Coal Research, 1994b)

Country ~ Sorbent Speay dry Regenerable Wet lime/ “Other wet
injection scrubber - & combined limestone/ scrubber

Process SO,MO, gypsum

reaioval - serubber

no MWe  no MWe no MWe no MWe no MWe

Auvstria 2 205 4 835 - - 5 80 - -
Canada 3 606 - - - - | 450 - -
China - - - - - - 2 720 - -
Czech Republic - - - - - - l 200 - -
Denmark - - 3 1100 1 295 4 1560 - -
Finland } 250 5 423 - - 8 1949 - Co-
France 3 310 - - - - - - - -
Germany 22 960 - 35 3234 12 1917 134 37337 2 89
Hong Kong - - - - - - 1 350 - -
India - - - - - - - - 1 500
Italy - - 1 171 30 - - - -
Japan I SR ¥ - S - - - 43 14867 3 - . 207
Netherlands - - - - - - 7 4072 - -
Norway - - - - - - - - 1 30
Poland 3 820 - - | 35 - - 1 50
Russian Fed. 1 130 - - - - - - - -
Sweden B ¥ 420 9 477 - - = - - -
Switzerland | 100 - - - - - - = -
Taiwan - - - - - R 2 1000 - -
Turkey - - - - - - 5 336 - SR
UK - - = - - - 2 1320 - -
Usa 12 1202 65 10205 21 5244 23 9454 142 58607
Total 63 5678 122 16851 36 7522 238 74426 150 59493

57-_22



Types of planned FGD installations on coal-fired units {after 1993)

Table 7-4-4
(IEA Coal Research, 1994b)
Country Sorbent Spray dry Wet lime/ Other wet Process
injection scrubber limestone/ scrubber not
process ' gypsum known/
. scrubber selected -
ne MWe no MWe - no MWe ro MWe no MWe
Austria 110 - - - - - - - -
Bulgaria - - - - - - - - 1 216
Canada - - - - 2 1020 - - - -
Czech R - - 450 5 640 - - 1 210
Denmark - - - ~ 2 1015 - - - -
France - - - - 3 1800 - - - -
Germany 2 187 - - 20 10243 - - - -
Hong Kong - - - 1 350 - - - - -
Italy - - - - 17 1960 - - 2 660
- Japan - - - - 9 6112 - - - -
Poland - - - - 14 4400 - - - -
Russian Fed. - - - - 2 515 - - ~ -
Slovak Rep. - - - - 2 220 - - - -
Sloventa - - - - | 215 - - - -
Spain - - 3 600 5 1930 - - - -
Taiwan - - - - 10 5000 - - - -
Thailand - - - - 2 600 - - - -
Turkey - - - - - - 4 240 12 2250
Ukraine - - - - I 300 - - - -
UK - ~ - - 8 4648 - - - -
USA 4 830 5 2856 3t 14538 = 23 17971 3 1169
Total 7 1127 19 3906 135 olste 32 18811 19 4499
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Figure 7-4-8  Process Flow of Spray Dryer
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Figure 7-4-19  Shape of SCR catalyst
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CHAPTERS  TECHNICAL TRANSFER ACCOMPANYING SUPPLY OF EQUIPMENT

AND MATERIALS



CHAPTER 8 TECHNICAL TRANSFER ACCOMPANYING SUPPLY OF
EQUIPMENT AND MATERIALS

8.1 Provided Equipment
% 8.1.1 Specifications of Atmosphere and Flue Gas Measurement Devices

The specifications of the equipment and materials to be supplied to NEK from JICA are as

foltows:

{1) Flue gas analyzer

Measuring system: Controlled potential electrolysis

Measuring item: SO,, NOx, O, in flue gas

Measuring range: SO, 0~500/2000/8000ppm
NOx - 0~200/500/2000ppm

0, 0~5/10/25%
Dimensions: 320W x 260D x 4501
Weight: 15kg or tess

{2) Orsat apparatus (CO, COy, 0,5, N3)

Measuring system: Orsat

Measurning item: CO,C0O,, 0y, N2

Measuring range: CO 0~100%
CO; 0~100%
0O, 0~100%
N 0~100%

{3) Dust measuring devices

Measuring system: To be in accordance with JIS Z8808.
Measuring item: Gas velocily, gas temperature, water content, concentration of

% dust.
{4) SO; meter for atmosphere

Measuring system: UV pulse flucrescent
Measuring item: Sulfuc oxides in atmosphete
Measusing range: 0~0.1/0.2/0.5/1/2/5/10 ppm

-1
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Dimensions: - 440Wx230Dx590H
Weight: . 22kg or less

NOx meter for atmosphere

Measuring system: Chemiluminescence

Measurihg item: Nitrogen oxides in atmosphere
Measuring range: 0~0.05/0.1/0.2/0.5/1/2/5/10/20 ppm
Dimensions: : 440Wx230DxS90H

Weight: 20kg or less

Confirmation of Equipment

The equipment provided from JICA were confirfned for their identification and performance
in a warchouse of Maritsa East No.1 thermal power plant (ME-1) in the presence of the person
representing ME-1.  The result of confirmation indicated that all the scheduled equipment
was sent and operated properly (refer to Table 8-1- lj. a '

Date of confirmation: March 5 (Tuesday), 1996.
Participant: Mr. Slivkoy (Chemical Depl.) for ME-1.

Technical Transter

The theoretical explanation on the desk and demonstration ot‘ actual measuremenl of flue gas
and its eftect on the environment were made usmg the provzded equtpmenl

Technical Transfer through Theorét_icél E'xplanation on the Desk

The technologies were transferred though the theoretical explanations on the desk during the
period from December 18 to 20, 1995.

Place of technical transfer Tralmng room at Maritsa East No.1 thcrmal power plant.
Participants: o 20 persons. | .
Hours for tansfer: 9:30 ~ 12.00=
_ 13:30 ~ 16:00
First transfer: ' December 18 (Mon,), 1995,

+ Explanations were made as to genetal procedure of measurement and cautions 1o be
exercised in the measuring site. . - a ' .
+  Guidance was given concerning how to measure and calculate the velocity of flug gas,

§-2
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» Guidance was given concerning how to measure and calculate the water content in
flue gas. ‘

+ Guidance was given conceming how to sample and calculate the dust content in flue
gas. -

* Guidance was given on how to use Orsat gas analyzer.

Second transfer: . December 19(Tu.), 1995

» Explanations were made as to the functions of NOx, $O; and O, meters for flue gas.
» Technical guidances were given concerning the maintenance of analyzers for flue gas.

| Thirdtansfer December 20 (Wed.), 1995

+ Explanations were made as to the meters for measuring NO:E,_SO_; and O; in

atmeosphere. , .
* Technical guidance on the maintenance of the analyzers for atmosphere.

Technical Transfer by Demonstration

For the transfer of the technology lﬁrough demonstration, NOx, SO; and O, in the flue gases
and atmosphere were actually measured using the provided equipment,

Place of demonstration: -Maritsa East No. 1 thermal power plant.
Period of demonstration: From March 5 (Tu) to 11, 1996,
Participants: Mr. Peter Slivkov (ME1-ENGINEER)

Mr. Nikolai Karaliev (ME-ENGINEER)

Ms. Bonka Peneva (MEI-ENGINEER)

Ms. Syefka Doneva (ME1-ENGINEER)

Mr. Sasho Keremedchiev (ME1-ENGINEER)
Ms. Katya Dimitrova (ME1-ENGINEER)

Mr. Todor Panchev (EGP-ENGINEER)

Ms. Katya Mihalova (EGP-ENGINEER)

Contents of detnonstration

Prior to actual demonstralion, explanations were made on how to operate the equipment, how
to measure using the equipment and safely measures to be observed in the site of

measurement.



Then, demonstrations of the measurement of flue gases and atmosphere by the instructor were

conducted two times. The locations of the sites where the flue gases were measured are shown

in Fig.8-2-2-1, and the locations of the sites of the measurement of atmosphere are shown in
Fig 8-2-2-2. '

(a) Preparation

The preparation for the actual measurements of the flue gas were made on March 5 (Tu),

1996 along with the explanation of operating method.

How 1o determine the measuring point.

Preparation for the use of measuring instruments and materials:

Preparaiions of sampling tube for water content measurement, dry filter pépér for dust

sampling and weighing scale. '

How to operate gas meter

Explanation of matters that demand special attention for safety in the site operation:

The site of me35uremeni {outlet of ESP)"and néighboring area was not safe for the

measuring work, since the handrail installed there was not high enough, and there was

an opening that may involve anyone in a falling accident. So we recommended the

person in charge to install higher handrail for safety. o %

(b) First-time measurement of flue gas

{)

The first measurement of flue gas was carried out on March 6 (Wed.), 1996. The result of
measurement is shown in Table 8-2-2-1.

]

Measurement of gas velocity, water content and dust.
Analysis of composition of flue gas.

Second-time measurement of flue gas

The second-lime measurefent of flue gas was carried out on March 7 (Thu.), 1996. The
result of measurement is shown in Table 8-2-1-1. -

¢
Measurement of gas velocity, wa_ter content and dust. ‘g
Analysis of composition of flue gas. -
How to use automatic meters for flue gase (NOx, SO,, and_ ;)

~ Water content of each sampled gas should be removed adequately. .-

-How to use gas cylinder

Leasn how to use the regufator.



+ Coordination among existing SO, meters; -

We have confirmed with an engincerof ME-1 that indicated value of existing SO,

* meters at the outlet of the boiters corresponded with one of provided SO, meter.  We
have also confirmed that the difference in the concentration of the flue gas among
different boilers is mainly caused by the formation of the drain resulling from the
temperature deop in the sampling tube. '
Then, we have recommended to improve the sampling condition by providing the
sampling tube with the heat insutator (or heating device) as the pretreatnient of the gas.
‘The result of the measurement is shown in Table 8-2-2-2.

(d) First-time measurement of atmosphere

NOx and SO, in the atinosphere were measured for the first time on March 8 (Fri.), 1996.

» Handling of SO, meter for stmosphere.
How to calibirate meter.

» Explanations concerning the replacement and maintenance of filter

Result of measurement:
Weather condition (Data obtained by the lake observation post at 14:30)

Weather: : Fine
Direction of wind: East
Wind velocity: . 9avs
Temperature: - 36°C
Humidity: 73%

Place of measuring point (1): Site localed about 1km apart in southwest of the power
plant (refer to Fig.8-2-2.)

Time 13:10 13:20 13:30 13:40 13:50 14:00
SO: (ppm) (.003 0.112 0.168 0.206 0.182 0.166

Place of measuring point (2). Site located about 2km apart in southwest of the power
plant .(refer to Fig.8-2-2.)

‘Time 15:00 | 1520 | 1530 | 1540 { 15:50 | 16:00
NO(ppm) | 0002 | o00t | 0003 | 6001 | 0001 | 0.014
NO; (ppm) | 0013 | 0013 | 0014 | 0014 | 0014 | 0014
NOx(ppm) | 0015 | 0014 | 0017 | 0016 | 0015 | 0014




() Second-time measurement of atmosphere

The second-time measurement of atmosphete was carried out on March 9 (_Sal.), 1996,

* Handling of NOx meter for atmosphere.

+ How to calibrate meter. .

* Explanations concemning the replacement and maintenance of filter

+ Result of measurement ' . ' %

Weather condition (Data oblained at 10:30 in the data analysis room of ME-1)

Weather: Snow

Direction of wind: East

Wind velocity: ~ Wind gauge was not installed.
Temperature: 3.0°C

Humidity: Hygrometer was not installed.

Place of measuring point (3} Site in the analysis room of the power plant (under the
stack). {refer to Fig. 8-2-2)) -

Time 1615 11:30 11:45 12:00

SO, (ppm) 0.007 0.007 0007 | 0007

NO (ppm) 0.000 0000 |- 0000 | 0000

NO, (ppm) 0.004 0.004 0.005 0.005

NOXx (ppm) 0.004 0.004 0005 | 0005
)] S{Jmmary.

The transfer of the technology was summarized on March 11 (Mon.), 1996.

_+ Explanation conceming the maintenance of automatic measuring instruments:
In the explanation, we recoramended to change the filter from time to time.



8.23 Expendable Supplies and Spare Paits

The _suppliers of the expendable supplies and spare parts (genuine parts) for the equipment
provided by (JICA) are as follows:

(1) SO, and NOx metess for atmosphete

3 _ YSSELBACH UMWELTTECHNIK GMBH
Mr. Peter C. Schimid
A-1050 Vienna Wicdner Hauptsrasse 98
TEL : 0043-1-545-4240
FAX : 0043-1-544-4471

(2) Flue gasanalyzer

BEST INSTRUMENTS

97-28, MAKISHIMA-CYO FUKIMAE
UJI-CITY, KYOTO-FU '

611 JAPAN

@ (3) Pump for dust sampling

KNF Neuberger GMBH
Alter Weg 3

' D-79112 Freibueg-munzingen
TEL: 49.{0Y07664 5909-0
FAX : 49-(0)07664 2124

(4) Others

DEVELOPMENT TECHNICAL CENTER CO., LTD
2-6-10 NIHONBASHI BAKURO-CHO, CYUO-KU -
TOK YO, 103 JAPAN
TEL: 03-3668-3761

B © FAX: 03-3668-3766



Table 8-1-1  Supply List of Measurfng Instruments

No, Item ‘ B Quantity
Stack gas measuring instrument
1 Portable gas analyzer _ - bset
2 Sampling tube I set
3 Standard gas with-in cylinder (101: 200 kg/cm’) - @
NO gas 1200 ppm | e
SO; gas 4000 ppm .1 lpe
O, gas 5% - ' . dpe
4 Regulator Jpes -
5 Dust sampling equipment
5-1 Measuring apparatus of velocity s 5
5-1-1 Pilot tube S | O lset
5-12 Inclined manometer _ |l 1set
5-1-3 Dynamic pressure gauge - 1set
5-1-4 Measuring tube for static pressure _ { set
5-2 Measuring apparatus of temperature
5-2-1 Digital electsric thermometer L o pe
5-2-2 Thermo-couple . hpe
5-3 Meaﬁu ring apparatus of water content ‘ _ :
5-3-1 Suction tube : o) Bset
5-3-2 Moisture absorption tube with case oo e bset o
5-3-3 Cooling waterbath with stand 1 set
5-34 Three arm balance 1pe
5-3-5 Suction pump : S - pe
5-4 Dust sampling apparatus-
5-4-1 Dust collecting tube with cass : Loy hset
542 Metal fitting for support with drain catcher - ) set
543 Gas washing bottle set : T Uiset
5-4-4 | Sucticn pump . ipe
5-4-5 Gas meter with case 1 pe
5-4-6 Suction rubber tube _ ¥ set
5-4-7 Holder (Type 2) of thimble filter paper t set




No, . Item Quantity
5-5 Expendable supplies
5-5-1 Calculum chloride S pes
5-5-2 Silica gel, blue - 4 pes
5-5-3 Glass fiber 1pc
5-5-4 Silicon grease 1pc
5-5-5 Absorbent cotton ipe
5.5-6° Silicon tube - ipc
5-5-7 | Teflon tube 1pc
558 | Sealtape 10pes -
56 Spare parts
5-6-1 dust collection tube 30 pes
5-6-2 Moisture absorption tube 20 pes
5-6-3 Thimble filter papet 30 pes
6 Orzat gas analyzing equipment
6-1 Main body 1 set
6-2 Spare parls
6-2-1 Gas bullets 1pc
6-2-2 Gas absorption bottle 3 pes
6-2-3 Distribute cock I pc
6-2-4 Leveling bottle 1pe
Air pollution monitoring instrument
NO, monitor ' 1 set
SO, monitor 1set
‘Standard gas with-in cylinder (101; 200 kg/em?)
NO0.05 ppm I pc
80, 0.1 ppm l pc
N; pure Ipc
10 Regulator 2 pes
11 Dust fall sampler, deposit gauge 4 pcs
12 DC/AC converter ipc




Table 8-2-2-1  Measured Results at ESP Qutlet

Items ist N 2nd
Flowrate (wet) m*N/h 239,000 235,000
Flow rate (dry) m’N/h 213,000 § - 209,000
Gas temperature °C 150 15t
Gas velocity (ave) ms 194 | 19.1
H,0 . % 110 . 1.0
0, : - % 12.6 12.1 -
CO, % 85 | 7.8
Dust g/m’N 0.114 0.128
80, ppm - 3032
NO, o ppm e 129 -

Table 8-2-2-2 SO, NO, at Boiler Outlet

Unit SO, 80, 0
ppm ppm . RN

I 2,600 200 | 880

3 4,146 242 576

.4 3,960 186 515

5 1,260 178 1 6.95

6 5900 296 510

Unit2: not operated
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