3.5.2 Operation and Maintenance (O&M) Cost

The O&M cost of the project consists of annual O&M cost including electric consumption,

chemical consumption, personne! expenses, repair costs and replacement cost.

The required annual maximum O&M cost of the after each construction works at each
construction stage are estimated at 1994 price with the following break-down.

{Unit: US Doliar)

‘ Ilem 1st Stage 2nd Stage 3rd Stage

(1) | Electric Consumption Cost 354,605 129,508 179,436
(2) | Chemical Consumption Cost 420 COI101 - 242
(3) | Personnel Cost 0 0 37,800
(4} | Repair Cost 11,483 83,714 468,279
Total Arnual O&M Cost 366,508 213,323 685,756

The annual operation and maintenance costs (including the replacement cost) are further

broken down as shown in Table 111.3.8,

Furthermore, the pumps and other equipment of the intake facilities and other equipment
of distribution facilities will be periodically replaced according to their life spans. Their life
spans and replacement costs at 1994 price are estimated as follows.

: US Dellar )

{ Uni
No. Item Unit | Life Span | 1stSwge | 2ndStage | 3rd Stage Total
1 [Intake Facilities 0 8,371,390 19,762,150 28,133,540
(1) Intake Wells Year 15 0 1,302,000 2,673,000 3,975,000
{2) Pump House Year 40 0 875,000 2,562,500 3,437,500
(3) Intake Pumps Year 15 0 326,000 1,022,780 1,348,780
(4) Other equipment Year 20 0 2,550,090 6,793,070 9,343,160
(5) Collection Pipe Year 40 0 3,318,300 6,710,800 10,029,100
2 [Distribution Facilitics 1,148,270 0| 27,065,780 28,214,050
(1) Reservoirs Year 40 0 0 750,000 750,000
(2} Other cquipment Year 20 761,630 0 1,033,900 1,795,530
(3) Chlorination Eq Year 15 386,640 0 343,680 730,320
(4) Buildings Year 40 0 0 1,208,200 1,208,200
(5) Distribution Main Year 40 0 0 23,730,000 23,730,000
Total of Replacement Cost 1,148,270 8,371,390 46,827,930 56,347,590
every 15 Years 386,640, 1,628,000 4,039460, 6,054,100
every 20 Years 761,630 2,550,090 78269701 11,138,6%0
every 40 Years : 0l 4,193,300 34961500 39,154,800
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Table 111.3.2 Water Hammer Analysis for Upper Pumping Station

Water hammer analysis for Upper Pumping station has been carried out in the graphic
calculation method analyzed by a computer.
The applied data for this calculation arc as shown in below Table.

The results of analysis are shown in Fig Case Al to A3. In accordance with these

results, Case Al and A2 show large negative pressure between the pipe profile and
minimum pressure. Therefore these cases may cause harmful surge and Case A3

which have no large negative pressure are acceptable.

However these calculation are based on some assumptive data such as details of
existing pump an distribution pipes. Accordingly detailed calculation with actual data
will be carried out on the implementation stage.

No Conditions Unit Case Al Case A2 Case A3
1 Total Head m 180 180 180
2 Static Head m 0 0 0
3 Capacity per Pump m¥hr 1,000 1,000 1,000 3
4 Speed round/min 1,480 1,480 1,480
5 Motor Output kw 720 720 720
6 Pump Efficiency % 79 79 79
7 Q'ty of Pumps Sets 2 2 2
8 Moment of Inertia (GD?2)  kgm? 75 15 75
9 Pipc Diameter mm D700 & D600 D700 & D600 D700 & D600

D700 : between Pump Statien and the highest point
D600 : between highest point and Zavsariin reservoir

10 Material of Pipe Steel Steel Steel
11 Thickness of Pipe
D700 mm 20 20 20
D600 mm 18 18 18
12 Type of the Check Valve Swing Type Swing Type Swing Type
13 Surge Vessel No No Yes
14 One-way Surge Tank No Yes Yes
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Table 1H.3.5 Calculation of the Distribution Main

from Distribution Reservoirs to ULB City
1. Water Flow Ratc

41,400 m3/day
2. Selection of the Pipe Diameter
1) Formula of Application

{ Manning Formula ]
Q =A*V= (1/11)*R213*1112*A
= (1/n)*(D/4 )23 * 112 % (nD2/4 )
= (0312/n)* [2*D’A3
Therefore,
D =[(n*Q)/(0312%]11/2))38
I = [ (n*Q)/(0.312* D83y )2

{ Where }

Q : Flow Rate (m3/scc)

A Areaof the Pipe (mm)

V  : Flow Velocity (m/sec)

n : Roughness Coefficient ( - )
R : Hydraulic radius ( m )

I : Hydraulic Gradient { --- )

D : Pipc Diameter (m )

hl  : Friction Loss (m)

H1-H2 : Difference of Elevation {m)
L : Length of Pipe (m)
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2) Selection of Pipe Diameter

The pipe diameter is sclected by below comparison table.

[0} Q D n I-1 -2 1-3 \% L HI - hl
H2
(m3/day) (m3/scc) (m) () (=) (=) (---) (mfsec) (m) {m) {m)
- 41,400  0.4792  0.50 0.013 0.0035 0.0038 0.0161  2.44 21,000 79 337.54
t 0.4792  0.60 0.013 0.0038 0.0038 0.0061 1.70 21,000 79 127.65

0.4792  0.70 0.013 0.0038 0.0038 0.0027  1.25 21,000 79 56

10

0.4792 090 0.013 0.0038 0.0038 0.0007  0.75 21,000 79 14.68
0.4792  1.00 0.013 0.0038 0.0038 0.0004 0.61 21,000 79 837

I-1: Average Grade of Ground
I-2: Average Grade of Pipeline
[-3 1 Average Hydraulic Gradient

As the results of above comparison study , the pipe diameter was selected with
800 mm.
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Table XIE3.9(2)

Case 1 Disbursement Scheduie of Investment Cost

{As of Seplember 1994 Price)

{(Unit : US_Dollar)

1 si Stage 2 nd Stage 3 1d Siage
Mo Work Hem 1996 1997 2000 2001 20m 2002 2003 Amount
Design  Constructiond  Design Constructiony  Design Construciion Construction
1 Direct Construction Cost 1,148,270 0 35,994,066 0 10,278,000 10,270464] 57,699,800
-1 Upper Water Source ¢ 1,148,270 0 0 ] 0 ol 1,148,270
{Cxpansion of Existing Facilitics)
1) Transmission Facilities 0 394,290 0 0 0 0 0 394,290
2} Others (for Zavsariin reservoir, elc.) t] 564,640 4] 4} 4] 0 0 564,640
3) Telecommunication System 0O 189,340 0 0 0 0 0 189,340
-2 Central Water Source 0 0 0 0 0 0 0 0
(Expansion of Existing Facilities)
1) Intake Paciliiies 0 [{] 0 0 0 0 0 0
-3 Lower Part of Nalaih 0 0 0 35994066 0 10,278,000 10,279,464 56,551,530
1) Intake Facililics 0 0 0 8,442,266 0 10278,000 10,279,464| 28,999,730
2) Distribution Facilities 0 { 0 27,551,800 0 0 0 27,551,800
2 Land Acquisition Cost 0 0 0 v 0 0 0 0
3 Engincering Cost 325,000 167,900 1,123,000 1,216,600 450,000 443,120 443,120 4,168,740
4 Administration Cost [ 3% of 1] 17,448 17,000 539,900 539,900 203,000 205,860 205,860 1,730,968
5 Physical Contingeney [ 10% of 1 ] 0 114,827 0 3,599,407 0 1,027,800 1,027,946 5,769,980
Total 342,448 1447,097] 1,662,900 41,349,973 655,000 11,954,780 11,956,390{ 69,369,488
Note
1) Exchange Rafe : US$ 1.00 = Yen 100.0, US$ 1.00 = T 400.0
Case 2 Disbursement Schedule of Investment Cost
(As of September 1994 Price}
(Unit : US Doklar)
1 st Slage 2 nd Stape 3 1d Stage
No Work flem 1996 1997 2000 2001 2001 2002 2003 Amount
Design _ Constructioy  Design  Constructio]  Design . Construction Constructior
1 Direet Construction Cost 0 1,148,270 10,107,500 1 23,413,965 23,413,965 58,083,700
-1 Upper Water Source 0 1,148,270 ¢ 10,107,500 ( 0 G 11,255,770
(Expansion of Existing Fagilities)
1) Tranamission Facilities 0 394,290 0 0 0 4] 0 394 250
2) Others (for Zavsariin resesvoir, etc.} O 564,640 0 0 0 0 564,640
3) Telecommunication System 0 189,340 0 0 0 0 1) 189,340
-2 Centrul Water Source 0 0 i} 0 (} 4] 0 : 0
{Expansion of Existing Facilities)
I} Imake Fucilitics 0 0 0 [y 0 0 0 0
-3 Lower Part of Nalaily 0 4] 0 0 O 23,413,965 23,413,965 46,827,930
13 Intake Facilities 0 0 0 H 0 9881075 9.88L075) 19,762,150
2y Disteibwtion Fucilities 1] 0 0 0 0 13,532,890 13,532,890 27,065,780
2 Land Acquisition Cost 0 ¥ 0 G 0 1] 0 {
3 Engincering Cost 325,000 167,900 487,500 487,500 850,000 755950 755,950 3,829,800
4 Administeation Cost [ 3% of 1) 17,448 17,000 151,600 151,625 468,280 468,280 468,280 1,742,513
5 hysical Contingency [ 10% of 1 ] 0 114,827 0 1,010,750 (G 2341397 2,341,397 5,808,374
Tatal 142,448 1,447,997 639,100 11,752,3750. 1,318,280 26,979,592 26,979,592 69,464,384
Note

1) Exchange Rate : USS 10O = Yen 100.0, US$ 1.00 = Tg 400.0
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Case3 Disbursement Schedule of Investment Cost

(As of Seplember 1994 Price)

(Unit : US Dollar)
1 s1 Stage 2 d Suage 3 1d Stage
No Work ltem 1994 1997 2000 2001 2000 2002 2003 Amannt
Design  Constmiction]  Design  Construction]  Design — Construction Constructionl
4 Divect Construction Cost 0 1,148270 0 8,371,390 0 23411,000 23416930 56,347,590
-1 Upper Water Source 0 1,148,270 0 0 0 0 0 1,148,270
(Expansion of Existing Facilities}
i) Transmission Facilities 0 394,290 0 0 0 0 [ 394,290
2) Others {for Zavsariin reservoir, ¢e.) 0 564,640 0 0 0 0 0 564,640
3} Telecominunication System 0 189,340 0 )] 0 0 189,340
-2 Central Water Sowree 0 0 0 8,371,380 0 0 0 8,371,390
(Expansion of Existing Facilitics)
1) Intke Facilivies 4] 0 3,371,390 4] 0 & 8,371,390
-3 Lower Past of Nalaih 0 0 G 0 23,411,000 23,416,930 46,827,930
1) bntake Facilities 0 0 0 0 ¢ 0,881,000 9,881,150 19,762,150
2y Distribution Facilities 0 0 ] 0 0 13,530,000 13,535,780 27,005,780
P Land Acquisition Cost 0 0 0 0 0 0 ¢ 0
Cngincering Cost 325,000 167,900 391,000 416,800 850,000 755,930 755,930 3,662,600
q Administration Cost | 3% of 1] 17,448 17,000 125,142 126,000 468,000 468,420 468,420 1,690,430
5 Physical Contingency [ 10% of 1 ] 0 114,827 V] 837,130 0 2,341,400 2,341,394 5,634,760
Total 342,448 1,447,997 516,142 9,751,329 1,318,000 26976770 26,982,604 67,335,380
N >
l)oll;xc]\zmgc Rate : USS 1.00 = Yen 100.0, US$ 1.00 = Tg 400.0
Cased  Disbursement Schedule of Investment Cost
(As of Seplember 1994 Price)
(Unit : US Dollar)
1 st Slage 2 nd Stage 3 red Swage
No Work Item 1996 1997 2000 2001 2001 2002 2003 Amount
Desipn  Constniction]  Design  Construction]  Design  Construction Consuuction
1 [Yirecr Construction Cost 0 1,148270 0 8,371,390 0 23,725,840 23,725,840 56,971,340
-§ Upper Water Souree 0 1,148,270 0 \] 0 5053750 5,053,750 11,255,770
(Expuansion of Existing Fucilities)
1} Transmission Facilities 0 394,290 0 0 0 0 0 394,290
2) Others (for Zavsariin reservoir, elc.) 0 564,640 0 0 0 0 0 564,640
3) Telecosnmunication System 0 189,340 0 [§] 0 0 0 189,340
-2 Central Water Source 0 ¢] 0 8371300 0 0 { 8,371,390
(Expansion of Existing Facitities)
1) Intake Facilities 0 0 0 8371390 0 ] 0 8,371,38¢
-3 Lower Part of Nalaih 0 0 0 0 0 18,672,090 18,672,090 37,344,180
1) lntpke Facilities 0 0 0 0 0 741,700 7,411,700 14,823 400
2y Distribution Facilinies 4] o] 0 0 O 11,260,390 11,260,390 22.52(],’?80
2 Land Acyuisition Cost 0 0 0 0 0 0 0 0
Engineering Cost 325,000 167,900 391,000 4156,800; 1,025,000 1,025,000 1,034,315 4,385,015
q Administration Cost [ 3% of 1] 17,448 17,000 125,570 125,570 474550 474,500 474,700 1,709,338
5 Physicat Comingency [ 10% of 1] 0 114,827 0 837,139 0 2,372,584 2,372,584 5,097,134
Total 342,448 1,447,997 516,570 9,750,809] 1,499,500 27,598,124 27,607,439 68,762,977
Mote

1) Exchange Rale : USH 10O = Yen 100.0, US$ 1.00 = Tg 400.0
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Table IIL3.9(3)
Total-COST ANALYSIS [ Case 1 ]

Construclion Ycear ; 1 st Stage--1997

: 2 nd Stage--2001 - [ Unit: USS]
: 3 rd Stage--2002~3 '
n [f] 2= x 1.0% 13] [41=[11+[20+[3) [5)=[4}/[1+0.07)*n Additionat Total
Year Tuvestment Repair Electricity Total Discounted Water Capacity
Cost Cosl Cost Cost Coslt { m3/day)
0 1,995 0 0 0 0 0 0
i 1,996 342,448 0 0 342,448 320,045 0
2 1,997 1,447,997 0 0 1,447,997 1,264,737 . 0
3 1,998 ' g 17,904 355,000 372,904 304,401 48,000
4 1,999 0 17,904 355,000 372,904 284,487 48,000
5 2,000 1,662,900 17,904 355,000 2,035,804 1,451,500 48,000
6 2,001 42,004,973 17,904 355,000 42,371.8717 28,238,169 48,000
7 2,002 11,954,780 448,033 432,000 12,834 813 7,992,877 65,300
3 2,003 11,956,390 448,033 432,000 12,836,423 7,470,915 65,300
9 2,004 0 693,695 611,000 1,304,695 709,668 106,700
10 2,005 0 693,695 - 611,000 1,304,695 663,241 106,700
i1 2,006 0 693,695 611,000 1,304,695 619,851 106,700
12 2,007 0 693,695 611,000 1,304,695 579,300 106,700
13 2,008 0 693,695 611,000 1,304,695 541,402 106,700
14 2,009 0 693,695 611,000 1,304,695 505,983 106,700
15 2,010 0 693,695 611,000 1,304,695 472,881 106,700
6 2,011 0 693,695 611,000 1,304,695 441,945 106,700
7 2012 0 693,695 611,000 1,304,695 413,033 106,700
18 2,013 0 693,695 611,000 1,304,695 386,012 106,700
19 2,014 0 693,695 611,000 1,304,695 360,759 106,700
20 2,018 0 693,695 611,000 1,304,695 337,158 106,700
21 2,016 0 693,695 611,000 1,304,695 315,101 106,700
22 2,017 0 693,695 611,000 1,304,695 294,487 106,700
23 2,018 0 693,695 611,000 1,304,695 275,221 106,700
24 2,019 0 693,695 611,000 1,304,695 257,216 106,700
25 2,020 0 693,605 611,000 1,304,695 240,389 106,700
TOTAL 69,369,488 12,760,497 12,671,000 94,800,985 54,740,779

1) Exchange Rate : US$ 1.00 = Yen 100.0, US$ 1.00 = Tg 400.0
2) Cost : as of November 1994

3} Unit Power Rates : 0,044 US$/kwi ( 17.6 Tg/kwh)

4) Hscalation Rate : 7 %/Year
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Total-COST ANALYSIS [ Case IT]

Construction Year ; 1 st Slage--1997

: 2 nd Stage--2001 [ Unit: US$ ]
: 3 rd Stage--2002-3
n 3] 21=f1]x §.0% 31 A= 11H21+3] [5E=[411+0.07) 0 Additional Total
Year Investment Repair Electricity Total Discounted Water Capacity
Cost Cost Cost Cost Cosl { m3/day)
0 1,995 0 0 i} ' 0 0 0
1 1,096 342,448 0 0 342,448 320,045 0
2 1,997 1,447,997 0 0 1,447,997 1,264,737 0
3 1,998 0 17,904 355,000 372,904 304,401 48,000
4 1,999 : 0 17,904 355,000 372,904 284,487 48,000
5 2,000 639,100 17,904 355,000 1,012,004 721,545 48,000
6 2,001 13,075,655 17,904 355,000 13,448,559 8,961,343 48,000
7 2,002 26,979,592 141,869 559,000 27,680,461 17,238,000 66,000
8 2,003 26,979,592 141,869 559,000 27,680,461 16,110,280 66,000
) 2,004 4] 694,644 728,000 1,422,644 713,824 106,700
10 2,005 0 694,644 728,000 1,422,644 723,200 106,700
11 2,006 0 694,644 728,000 1,422,644 675,888 106,700
12 2,007 0 694,644 728,000 1,422,644 631,671 106,700
13 2,008 0 694,644 728,000 1,422,644 590,347 106,700
14 2,009 0 694,644 728,000 1,422,644 551,726 106,700
15 2,010 0 694,644 728,000 1,422,644 515,632 106,700
16 2,011 0 694,644 728,000 1,422,644 481,899 106,700
17 2,012 0 694,644 728,000 1,422,644 450,373 106,700
18 2,013 Q 094,644 128,000 1,422,644 420,909 106,700
19 2,014 | 694,644 728,000 1,422,644 393,373 106,700
20 2,015 0 694,644 728,000 1,422,644 367,638 146,700
21 2,016 0 694,644 728,000 1,422,644 343,587 106,700
22 2,017 0 694,644 728,000 1,422,644 321,109 106,700
23 2,018 0 694,644 728,000 1,422,644 300,102 106,10
4 2,019 0 694,644 728,000 1,422,644 280,469 106,700
25 2,020 0 694,644 728,000 1,422,644 262,121 106,700
TOTAL 69,464,384 12,164,301 14,914,000 96,542,685 53,288,706

1} Exchange Rate : US$ 1.00 = Yen 100.0, US$ 1.00 =Ty 400.0
2) Cost : as of November 1994

3) Unit Power Rates ; 0.044 USS$/kwh (17.6 Tg/kwh)

4) Escalation Rate: 7 %/Year
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Total-COST ANALYSIS [ Case III]

Constraction Year : 1 st Stage--1997

: 2 nd Stage--2001 {Unit: US$ ]
: 3 rd Stage--2002-3
n f1] [21=[1]x 1.0% 3] o [=142]413) [5]=[4)/1140.071%n Additional Total
Year Investment Repair Electricily Total . Discounted Waler Capacity
Cost - Cost Cost Cost Cost { m3/day)
0 1,995 0 v 0 0 0 0
1 1,998 342,448 0 0 342,448 320,045 0
2 1,997 1,447,997 G 0 1,447,997 1,264,737 0
3 1,998 0 17,904 355,000 372,904 304,401 48,000
4 1,999 0 17,904 355,000 372,904 284,487 48,000
5 2,000 516,142 17,904 355,000 889,046 633,878 48,000
6 2,001 11,069,329 - 17,904 355,000 11,442,233 7,624,443 48,000
ST 2,002 26,976,770 120,579 485,000 27,582,349 17,176,901 65,300
8 2,003 26,982,694 120,579 485,000 21,588,273 16,056,626 65,300
9 2,004 0 673,354 663,000 1,336,354 726,888 106,700
10 2,005 0 673,354 663,000 1,336,354 679,335 106,700
il 2,006 ¢ 673,354 663,000 1,336,354 634,892 106,700
12 2,007 0 673,354 663,000 1,336,354 593,357 106,700
13 2,008 0 673,354 663,000 1,336,354 554,539 106,700
i4 2,009 0 673,354 663,000 1,336,354 518,261 106,700
15 2,010 0 673,354 663,000 1,336,354 484,356 106,700
16 2,011 0 673,354 663,000 1,336,354 452,669 106,700
17 2,012 0 673,354 663,000 1,336,354 423,055 106,700
18 2,013 0 673,354 663,000 1,336,354 395,379 106,700
19 2,014 0 673,354 663,000 1,336,354 369,513 106,700
26 2,015 0 673,354 663,000 1,336,354 345,339 106,700
21 2,016 0 673,354 663,060 1,336,354 322,747 106,700
22 2017 0 673,354 663,000 1,336,354 301,633 106,700
23 2,018 0 673,354 663,000 1,336,354 281,900 106,700
24 2,019 0 673,354 663,000 1,336,354 263,458 106,700
25 2,020 0 673,354 663,000 1,336,354 246,222 106,700
TOTAL 67,335,380 11,759,791 13,661,000 92,156,171 51,259,060

1) Exchange Rate : US$ 1.00 = Yen 100.0, US$ 1.00 =Ty 400.0
2) Cost : as of November 1994

3) Unit Power Rates : 0.044 US$/kwh ( 17.6 Tg/kwh )

4) BEscatation Rate : 7 %/Yeur
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Cased4 P-T-Cost 1995/3/7

Total-COST ANALYSIS [ Case V]

Construclion Year : 1 st Stage--1997
: 2 nd Stage--2001
: 3 rd Stage--2002-3

[ Unit: US§ )

1 [ [2]=[1}x 1.0% i3] [4)=[11+[21+[3] [5)1=(4)/[1+0.07}*n Additional Total
Year Investment Repair Electricity Total Discounted Water Capacity
Cost Cost Cost Cost Cost { m3/day)
0 1,995 0 0 0 0 0 0
1 1,996 342,448 0 0 342,448 320,045 0
2 1,997 1,447,997 G 0 1,447,997 1,264,737 0
3 1,998 0 17,904 355,000 372,904 304,401 48,000
4 1,999 0 17,904 355,000 372,904 284,487 48,000
5 2,600 516,570 17,904 355,000 889,474 634,183 48,000
6 2,001 11,250,399 17,904 355,000 11,623,303 7,745,098 48,000
7 2,002 27,598,124 120,579 485,000 28,203,703 17,563,849 65,300
8§ 2,003 27,607,439 120,579 485,000 28,213,018 16,420,233 65,300
9 2,004 0 687,630 771,000 1,458,630 793,398 106,700
10 2,005 687,630 771,000 1,458,630 741,493 106,700
11 2,006 0 687,630 771,000 1,458,630 692,984 106,700
12 2,007 0 687,630 77,000 1,458,630 647,649 106,700
13 2,008 0 687,630 771,000 1,458,630 605,279 106,700
4 2,009 0 687,630 771,600 1,458,630 565,682 106,700
15 2,010 ¢ 687,630 771,000 1,458,630 528,675 106,700
16 2,011 0 687,630 771,000 1,458,630 494,088 106,700
17 2012 0 687,630 771,000 1,458,630 461,765 106,700
18 2,013 0 687,630 771,000 1,458,630 431,556 106,700
19 2,014 0 687,630 771,000 1,458,630 403,323 106,700
20 2,015 0 687,630 715,000 1,458,630 376,938 106,700
21 2,016 0 687,630 771,000 1,458,630 352,278 106,700
22 2,017 0 687,630 771,000 1,458,630 329,232 106,700
23 2,018 0 687,630 771,000 1,458,630 307,693 106,700
24 2,019 0 687,630 771,000 1,458,630 287,564 106,700
25 2,020 0 687,630 771,000 1,458,630 268,751 106,700
TOTAL 68,762,977 12,002,482 15,497,000 96,262,459 52,825,382

1) Exchange Rate : USS 1.00 = Yen 100.0, USS 1.00 = Tg 400.0
2) Cost : as of November 1994
3) Unil Power Rates : 0.044 USS/kwh ( 17.6 Tg/kwl )
4} Escalation Rate ; 7 %/Year
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Fig.JIL3.1  Future Water Demand and Supply Water Capacity

JICA | The Study on Water Supply System in Ulaanbaatar and Surroundings
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Effluent Quality from Industries

Discharge water (effluent) from factories in the industrial arca flows into sewerage
system controlled by USAG. Before discharging to the sewer pipeline, some of the
industrial waste water is treated to some extent to secure the Sewage Treatment
Facilities of USAG, the treated water of which flows into Tuul River. There are two

“main treatment plants for industrial waste water; one for meat factory and the other

for leather factory.

In order to sn.irvey the influence of effluent from Industries to Tuul River, water
quality analysis was conducted by the Study Team. Sampling locations are shown
in Fig. IV.1.1. The results of water quality analysis are shown in Table IV.1.1.

As shown in Table IV.1.1, the quality of treated water from the treatment plant for
the leather factories clears the standard to sewerage system except Cu. However, the
treatment plant for the leather factories is old enough and looks superannuated. Also
the production ratio of the leather factories in this year will be less than 50% due to
the lack of raw materials. The details of water quality of this treatment plant are
shown in Appendix 1V .4.1.

Iv-1



Table IV.1.1 Water Quality of Effluent from Industrics

Location E-1 E-2 E-3
Ttem Unit - MAX MIN Ave. | MAX | MIN Ave, MAX | MIN Ave,
Water temparture T 22 16 19 20 13 15.8 18 13 15.5
pH - 7 ssl 11| 82 73 7711 18 M 74
Conductivity ‘microsfem | 4700 210}  2003| 690|  400f  603]  590| 380 488
Turbidity NTU 220 01f 778 a9 01} 215 18 0.1 7.1
uo mg/l 99 6 89| 118 74| 105 18 78] 105
Abali mgNCaCO3 168 46| 113} 198 36| 128] 2720 30| 774
SO4-- - mg/! 75 5 61 750 14 55 49 2 2
Cl- mgl 60| 45| 255|220 90| 160] 3150 69
Catt | mgn 425|165 341 32| 115 184 2571 135|194
Mg++ mg/l w3 a2 S 1219 1824] 1211 851 1252]  7.66] 1048
TDS mg/l 1564 34| 682 1484 232]  631| 11485 1258 4343
NO2- mg/l 0.259| 0069 0.128) 033 0.114] 026 033 0.44| 0241
NO3- mg/l 35.5 08| 157 16 24 81 85 23| 45
NH4+ mg | 276|221 262]  275]  217) 263|328 1a3] 226
PO4 __mg/ 274| 0560 109 275 063)  222] 275 038 174
Cr mp/l 158 0 065|042 o008 o026 038 003 022
f\i]-l ) mg/l . 36 E) 1.5 2.3 O 1.2 0.6 0 0.2
Fe mgl | 096 015|053 0.7 03|  056] 025 004 013
CN mg/! 0043 0o 0013 0028 0| 0011} 000 ol 0001
o mg/i 2.2 0 08 182f 002 067] 157 o 0.54
Cu mg/l 215 0070 084 057 00| 037] 008 ol 0.02
m mg/l 0.62 of 02| o042 o 018] 039 00t 009
COD L m 334 10 94 99 24 49 35 13 27
P mg/l 028) 0026 017  019) 0076 016] 02| 0009 0092
o | mg 0.1 0.004] 003 0.1} 0.004| 0029 0.005 0| 0002
Phenot mg/l B 0.006| 0.003 ~0.004]  0.006 0} 0.002] 0.007 0] 0.002
Hg mg/l 0.0042 o| 0002 0.0017 0|  0.001 0 0 0
As mg/ 01| owm] oosl o012 o006l 00| o009 o001 o006

E-1:Treated water from the treatment plant for the leather factory

E-Z:Inflow to the Sewage treatment plant

E-3Treated water from the Sewage treatment plant
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Appendlx I 2 1

Locatlon of Electrical Soundmg




Location of Electrical Sounding

ST.NO.| LAT. (N) | LONG, (E) | AREA CODE | STNO.| LAT.{N) | LONG. () | AREA CODE
1* 47 51.71 | 107 05.99 B 36 47 52.734 | 107 37.724 F
2* 4749.62 [10709.31 B 37 47 51.499 | 107 35.685 F
3 47 48.530 | 107 08.900 B 38 47 50.881 | 107 34.072 F
4% 47 48.89 [ 107 12.50 B 39 47 50.165 [ 107 32,589 F

‘»; 5 47 53.393 | 107 04.879 B 40 147 49.397 | 107 28.956 F
o* 47 53.90 107 05.94 G 41 47 48.837 | 107 27,778 F
7* 475395 1107 03.69 G 42 47 47.970 | 107 26.961 F
8* 47 54.95 lf)’J’ 06.65 G 43 47 59,713 | 107 27.239 L
o* 47 55.39 1107 08.40 G 44 | 4759.232 | 107 26.443 L
10 47 56.603 | 107 09.905 C 45 47 58.940 | 107 25.116 L
11 47 57.993 | 107 08.475 C 46 | 47 58.896 [ 107 23.841 L
12* 47 54.84 {107 04.80 C 47* 1475891 |10727.67 L
13 47 54.334 | 106 56.248 G 48 147 58.143 | 107 27.924 L
14A 47 53.880 | 106 55.442 G 49 47 57.711 { 106 42.395 C
15 47 53.482 | 106 56.783 G S0A | 47 59.060 | 106 42.841 C
16 47 53,588 | 106 58.734 G S1A |47 59.867 | 106 43.323 C
17 47 53.663 | 106 59.687 G 52A |47 59.543 | 106 42,033 C
18* 47 56.00 [ 107 02,00 C 53 47 57.012 [ 106 43.086 C
19 47 57.321 | 107 02,319 C 54 47 56.029 | 106 43.650 C
20 47 58.750 [ 107 02.899 C 55A | 47 55433 [ 106 44.484 C
21 47 59.299 | 107 05.315 C 56A | 47 58.624 | 106 40.269 C
22A 14758190 | 107 01.683 C 37A 147 57.744 | 106 40.566 C
23 47 59.664 [ 107 01.893 C 58 47 56.624 | 106 40.896 c
24 47 52.839 | 106 47.759 H 59 47 55,012 1 106 41.604 C
25 47 53223 | 106 48.922 H 60A | 47 56,582 | 106 39.122 C
26 47 52.798 | 106 46.954 I 61A |47 54.885 | 106 39.736 C
27 47 52.813 | 106 44.789 1 62 47 44.767 | 106 31.586 D
28 47 53.228 | 106 45.084 i 63 47 45347 | 106 34.743 J
29 47 55.243 | 106 50.340 C 64 |47 46.387 | 106 36.561 J
30* 474728 [ 107 19.20 A [2h] 47 47.448 | 106 37.998 J
31 47 47.131 [ 107 21.125 A 66 47 48.525 | 106 38.478 I
32 47 48.262 [ 107 19.1'10 A 67 47 49.161 | 106 39.356 J

‘ 33* 4749.19 | 107 19.61 A 68 47 49.994 | 106 41.474 J
34 47 49017 | 107 25.662 F 69 47 41.494 [ 106 16.881 E
35 47 49.403 | 107 23.194 A 70 47 38.697 | 106 08.979 E

* ; by topographic map A ; re-measurement to be continued
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ST.NO.[ LAT. (N} | LONG. (E) | AREA CODE | ST.NQ.| LAT.(N) | LONG. (E) | AREA CODE
71 47 40.90% | 106 14.535 E it1 | 47 59.400 | 107 07.571 C
72 14742602 | 106 15.045 D 112 | 47 56.947 | 107 08.776 C
73 4742717 | 10622427 D 113 | 47 53.446 | 107 35.397 F
74 | 4741.228 | 106 24.765 D 114 |47 54.213 | 107 36.119 F
75 14744.156 | 10628.189 D 115 | 47 53.422 | 107 36.541 F
76 | 4748487 | 106 34.942 ) 116 |47 53,456 | 107 34.702 F
77 (4747633 | 106 35,753 ] 117 |47 52394 | 107 34,449 F
78 14746.798 | 106 34289 ] 118 |47 51.797 | 107 33.143 F
79 | 4746227 | 10632484 D 119 |47 51,316 | 107 32.060 F
80 |47 45.815 | 106 29.911 D 120 | 4749.260 | 107 18.334 A
81 47 46,601 | 106 28.854 D 121 | 47 50.275 | 107 15.901 A
82 | 4747.210 | 106 30.907 D 122 147 51.610 | 107 14.916 A
83 47 43.556 | 106 09.854 E 123 14748964 | 107 16.449 A
84 | 4744240 | 106 12.677 B 124 | 4746904 | 106 11.405 B
85 14745372 | 106 16,571 E 125 | 47 58.738 | 107 30.089 L
86 | 4743.8380 | 10617473 E 126 | 47 58.569 | 107 31.717 L
87 14744720 | 106 20.298 D 127 147 57.364 | 107 34,942 L
B8 | 4743811 | 10621.860 D 128 | 47 58.403 | 107 34.443 L
89 | 4744884 | 106 24.384 D 129 | 47 58.147 | 107 33.592 L
90 | 4744.317 [ 106 35.901 K 130 |47 59.166 | 107 36.217 L
91 47 43.171 | 106 37.215 K 131 |47 50.092 [ 107 07.579 B
92 14742101 | 10638321 K 132 | 48 01.552 | 106 55.236 C
93 14741.317 1106 39.409 K 133 1 48 00.183 | 107 02.527 C
94 147 39.556 | 106 39.552 K 134 147 53,282 | 107 01.618 G
05 | 47 37.954 | 106 39.309 K 135 147 57.229 {107 06.791 C
96 | 4739.847 | 10642973 K 136 [ 47 58.659 | 107 10.626 C
97 14738.573 | 106 44,527 K
98 | 4740963 | 10641.442 K
99 | 47 58.822 | 106 45.195 C
100 | 47 57.912 | 106 45,384 C
101 |47 56.713 | 106 45921 c
102 | 47 55.763_ | 106 46.028 C
103 1 48 00460 | 106 49.402 C
104 4 47 58964 1 106 49.432 C
105 | 47 59.437 | 106 48.338 c
106 | 47 57.263 | 106 49,181} C

107* 148 0032 | 106 58.30 C
108A | 48 00.556 | 106 55.872 C
109 [ 47 58.770 | 106 55.449 C
110} 47 57.304 | 106 55.894 C

* . by topographic map A ; re-measurement
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