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PREFACKE

In response to a request from the Government of Mongolia, the Government of
Japan decided to conduct the master plan and feasibility study on Groundwater
Development for Altai City in Mongolia and entrusted the study to the Japan
International Cooperation Agency (JICA).

JICA sent to Mongolia a study team headed by Mr. Teruo TAHARA, Pacific
Consultants International (PCI) and composed of staff members of PCI and Mitsui
Mineral Development Engineering Co., Ltd., four (4) times between September 1996
and March 1999.

The team held discussions with the officials concerned of the Government of
Mongolia, and conducted field surveys at the study area. After the team returned to

 Japan, further studics were made and the present report was prepared.

I hope that this report will contribute to the promotion of the project and to the
enhancement of friendly relations between our two countries.

I wish to expréss my sincere appreciation to the officials concerned of the
Government of Mongolia for their close cooperation extended to the team.

March 1999

Kimio Fujita

- President
* Japan International Cooperation Agency
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THE STUDY ON GROUNDWATER DEVELOPMENT FOR ALTAI CITY

March 1999

Mr. Kimio Fujita
President

Japan International Cooperation Agency

LETTER OF TRANSMITTAL

Dear Sir,

We are pleased to submit the final report entitled “The Study on Groundwater Develbpment
for Altai City”. This report has been prepared by the Study Team in accordance with the
contract signed between Japan International Cooperation Agehcy and Pacific Consultants
International in association with Mitsui Mineral Development Engineering Co.,Ltd.

The report consists of Executive Summary, Mongolian Summary, Main Report, Supporting
Report, and Data Book. Executive Summary summarizes the results of the Study. Main
Report presents the results of the whole study including Master Plan for the development of
water resources and water supply, Feasibility Study on the groundwater development for a
high priority project selected from the Master Plan Study. - Supporting Report describes the
technical details of the Study. Data book has been prepared and submitted herewith.

All members of the Study Team wish to express grateful acknowledgments to the pcrsormel
of your Agency, Advisory Committee, the Ministry of Foreign Affairs, the Embassy of Japan
in Mongolia, Mongolia Office of Japan International Cooperation Agency, and also to the
officials and individuals of the Government of Mongolia for their assistance extended to the
Study Team. The Study team smcerely hopes that the result of the Study will contnbute to

the improvement of the water supply condition and social and economic development in Altai
City.

Yours Faithfully,
Teruo_ TAHARA
" Team Leader
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Summary

SUMMARY

1. INTRODUCTION

The objectives of the Study are:

@ to formulate a master plan on water resources development (focusing on

groundwater) and improvement of water supply system for Altai City for the target
year of 2015,

@ to conduct a feasibility study for the priority project identified in the master plan
for the target year of 2005, and

® to pursue the technology transfer to the counterpart personnel in the course of the
Study

The Study aréa covers an area of about 600 km’. The detailed groundwater development
- study covered the area of “Kharzat” and “Sukhyn Khooly” Tsagaantokhoy and Tayshir _
along the Zavkhan River were also investigated as for alternative water sources by

reviewing previous studies.

2 PRESENT CONDITION .
2.1 SOCIAL SECTOER AND HYGIENE EDUCATION

(1) Secial Characteristics

The City is culturally and ethnically homogeneous and there is no social inajor disparity

among the people.

Other Information from Household Survey
- Median of total annual income : Tg. 299,940 (monthly : Tg.24,995)
- Median of total monthly expenditure : Tg. 44,500 (ger) to Tg.58,810 (apartment)
- . Distance to water delivery point of ger dwellers : within 200m for 70%
- Ger dwellers hope to get water whenever they want and to reduce the water tariff
- the people are looking forward to having a method and device to lower some high
mineral contents in drinking water.

| @ water Qﬁalify and Health'
Amund 60% of the people percelve that the quahty of dnnkmg water in Altai Clty is not

good 'Ihey thmk that hardness of water brings about dxseases In add1t10n some

authorlty beheve that hlgher magnesium and calcium ratio increases the morbldlty
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The water quality analysis of the Study Team revealed that the.;most of chemical
substances including hardness in Altai City’s water are almost within the range of
Mongolian standard.

The concentrations of magnesium is slightly higher than the Mongolian standard while

Japan and most countries do not have such a ceiling level of magnesmm as shown in the

following table.
Water Quality Standards and Guidelines for Hardness, Calcium, and Magnesium
Standard / Guideline Total Hardness Calcium { Magnesium
Study result{water supply) 199 mg CaCOr/1 28 mg /1 31mght
Mongolian Standard. - 350 mg CaCO3/1(7meq/t ) | 100 mg/] 30mg/l
EU (1995) - - -
‘WHO health : - - -
WHO complaint 500 mg CaCO3/1 - . S- -
Japanese standard 300 mg CaCO4/l - -
US standard : Lo . - -
- Buigarian standard - 600 mg CaCO3/1 - 150 mg/l . 80mg/l

- : no ceiling value

It is difficult and inappropriate to conclude the direct causality between water quality and |
non-infectious disease, in particular chronic dlsease since there are many nsk factors to

non- 1nfectlous d1sease such as smoking, dnnkmg, gene, age, sex, eatmg hablt and so on.

(3) Hygiene Education

Gobi-Altai Province Social Health Center conducted seven times of trainet’s training for
schoolteachers and health volunteers and six times of hyglene educatxon for cl'uldren and

mothers using the textbook prepared by the Study Team. In total 909 people part1c1pated

in the program.

(4) Social Analysis

Benefit (+) and disadvantage (-} from the future plan / projects. _
- While the higher income group of ger dwellers approved 161% of i mcrease the iower '
income group of them approved 80% of i increase to the current t_anff lev_el.

+ Installation of kiosk will facilitate thé'availability of water in terms of time and distance.

It is expected to reduce the habxt of stonng Wwater and bring about less opportumty of
contamination.

- However, 20% of ger dwellers will not gain water within 250m radius.
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Water tariff

A disparity of unit water price between ger dwellers and apartment dwellers should be

revised by openin'g the fact to public.

2.2 ECONOMY OF ALTAI CITY

4)) Populatlon
The population of Altai Clty in 1996 and 1997 is summarlzed below.

Year Population
1995 - 20,068
1996 17,121
1997 17,761

~ The decline in 1996 (14.7%) was due mainly to the recounting of the population The
' populatlon mml 1995 had been over estimated as a result of over-declared food card

" number in the old reglrne

(2) Economy
Altai City is the center of manufactunng activities and the nodal point and loglstlc center
for agnculture producuon and  distribution in Gobi-Altai Province. Most of the
o manufacﬁ:ririg activities in Gobi Altai Proirince are found in Altai City. In tenﬁs of
industrial output, those of Altai City have been accounting for a range of 80% to 96% of
all the indus.triai output in the province since 1991. Altai City plays a minor role in
agriculture producnon in Gobi Altai Province wnh agnculture labor force accountmg only
- for 5% of the total labor force of the c1ty Its role is found more in the processing, trading,
; and consumptlon of agnculture products Tradltlonal large industries experienced a
'drastlc fall 1n productlon level between 1990 and 1992 and have tended to be stagnant
since then. Small scale productlon and cormnerczal actlvxtles on the contrary, are
gradualiy expandmg The overall economy of Aitm Clty seems to be expanding little by
_httle supported by agncultu:re related actwmes and small scale and new production and

commercxal actlv_ltles_.
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23 METEOROLOGY AND HYDROLOGY

(1) Meteorological Characteristics

Precipitation

Summary

Altai basin is characterized by a rainy season from June to August, whose preéipitation

accounts for about 64% of the annual precipitétion as caluculatéd bellow.

Station Average Monthly Preczpltanon (mm) - Total

Jan. [Feb. (Mar. jApr. [May Jun." i 1g,{Sep. Oct. Nov. [Dec. | (mm)
Altai 1 BT .8 [10.5 (132 29.2 H8. S7.1173 B.1 R2 [ig16
Khan 1.1 23 7.3 [10.8 13.8 31.5 39.1 [554 1224 [11.1 4.0 1.6 [200.4
Tayshiryn | S '

Note : Altal City ; data from 1955 to Aug. 1996; Khan Tayshlryn data from 1978 to 1989

JICA Investigation

The results of evaporation and rainfaH measurement conducted by the JICA Study Team

are shown below.

Monthly Evaporation and Rainfall in mm _

ly high in July.

{3) Hydrological Characteristics -

{Jan.  |Feb. [Mar. TApr. [May. [Jun.” Tiul |Aug. [Sep. [Oct. TNov. | Dec.
Evaporation o . o ' :
1997 |- - - - - - 238.7 |179.2 1136.2 |- - -
1998 |- - - - 1822 [217.0 [1663 (14635 [136.1 (68.1 i- -
Rainfall : R
1997 |- - - - ] - .. 837 |12 16 |- - -
1998 |- - - - - 159 [106 1137 (131 7.1 - - -

In 1997 and 1998, rainfail was excéptiona —

Annual average runoff volumes at Gﬁuiin and Durveljiri stations in Zavkhan River are

calculated to be about 299 (9. 49m3/s) and 447(14. 17m3/s) m11110n m respectlvely About '

52% of annual runoff in an average concentrates during the ramy season from June to

August.

River Dlscharge of Small River in the Study Area

JICA Study Team measured the river dlscharge in the Study Area for four (4) nvers of :

Khadaasangyn Am river, Mandaliin Aryn Am R1ver, Esuitiin ~Sair  River,

Hanginaagiin Khooloy River.
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These rivers do not have flow normally. Only during or after a heavy rsinfall, flow can be

seen in some rivers.

2.4 TOPOGRAPHY AND GEOLOGY

Altai City is located at the northern mountain foot of Altai mountain range with the

altitude of 2,040 to 2,180 meters.

Quaternary fan deposits are distributed in the south of Altai City and unconfined aquifer in

these deposits is utilized for the water resources for domestic water for Altai City.

Clayey lake deposits of Neogene period underlie Quz_rternary fan deposits in the Study

area. These deposits are aquiclude.

© The basement rocks are rnainly composed of Precambrian ultra-basic rocks of peridotite,
serpentine in the Altai mountain range and Precambrran gneiss, quartzite, and schist in the

vicinity to north of Altai Clty

The structural faults and fractured zones are distributed in the basement rock in the
direction of east-west and northwest-southeast, and a part of the fractured zone bear the

fissure water.

2.5 HYDROGEOLOGY

1) Grouudwater Table
Groundwater levels of the observation wells were measured penodlcally from June 1997
.to October 1998. ' _
- The observation wells were lelded into three groups of “A” (deep wells), “B” (shallow

wells) “Cc» (shallow wells in Sukhyn Khooloy).

| The water levels of Group “B” and “C™ start going down soon after the end of rainy
. season, whrch was July in 1997 and 1998. Meanwhrle the levels of Group “A” continue to
_ .' rise until the end of October From the begmmng of Febmary the groundwater levels of
Group “B” wells commence to increase, though the water levels of Group “A” keep

decreasmg unt11 the mrddle of Apnl
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(2) Hydrogeological Characteristics

Summary

Quaternary Aquifer
Water Resources Specific Capacity | Hydraulic cond. | Transmissivity™T | Pumping yield
' | Se  (m¥day/m) |K (m/day) T (m*/day/m) Q  (liter/sec.)
Kharzat I-864 0.07-9.4 157-565 - 0.01-124
. . (av.360) ~ {av.3.15)
Olon Nuur 1-93 0.1-16.3 1.2-7.1
: . {av.2.51)
Sukhyn Khooloy™ < 187max 4.57-8.3max 0.18-106
(av.3.59) -

*1: estimate from speciﬁc capacity .

*2: This resource is not fit for water source. Value is from local area.

" JICA test well B-6 located in Olon Nuur has a transmissivity. of rhoré than 1 000 m’/day/m
with a hardness of 257.5 mgCaCQ, Nl. This is considered to be an excellent aquxfer for
water supply. B-5 well located in the border of Kharzat and Olon Nuur have intermediate

".potential for water supply with a transmlssxvny of 39 m3/day/m and a hardness of 225

' _mgCaCO3/1 Other JICA test wells have low product1v1ty with a hardness of 845 to 1950
mgCaCO,/1.

- Neogene Aquifer
-This aquifer underlies quatemary aqu1fer of Kharzat Olon Nuur and Sukhyn Khooloy It
is distributed widely in Sukhyn Khooloy

It is reported that pumping yield is 0.2 to 0.4 liter / second and the Neogene aqulfer is not

suitable water source for water supply.

Fissure Aquifer _ _
It is reported by the previous investigétioh that the pumping yicld was 1.6 to 14.4

liter/second.

JICA test well of A-4 located northeast of Altai City has recorded a' ptﬁnﬁihg yield 6f
about 16 hter/second wnh the transmissivity of about 200 m3/day/m ThlS is con31dered to
bea good aquifer but the hardness of this ﬁssurc water is 1875 mg CaCO /1.

Transmissivity of other wells are 1.3 mslday/m (hardness 1 OOO mgCaC03/l) in A-1 well

10, 4 m3/day/m (hardness 372.5 mgCaCO3/1) in A-2 well, and 7.4 m3/day/m (hardness
3625 mgCaCO™l) in A-3 well. '
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(3) Groundwater Resources

Summary

Possible water resources are listed below in and around the Study Area.

 ©® 006 e

Olon Nuur : available to develop
Sukhyn Hooly : bad water quality

Kharzat water source : available to expand -

Khadaasan River : lower to medium quantity.

Northeast of Altai: fissure aquifer, sufﬁc1ent quantlty, but bad water quality
(hardness; 1876 mgCaCOy‘l)
Tsagaantoghoy : sufficient water quantity but too far (98 km) and too low (280m
lower than Altai), 3 to 5 booster pumps will be requlred
Zavkhan Riverbed at Taishir : - sufficient water quantity, but too far (45km) and

~ too low (470m lower than Altai ), 5 to 6 booster purnps will be required

Kharzat water source shall be give_n priority for the development.

(4) Groundwater Stdrage of Kharzat Water Source

~ Groundwater volume is estimated to be from 26.9 x10° m® in minimum and 40.3 x 10° m’

in rnéxir_num depending on the estimation for the storativity of 0.1 to 0.15.

(5) _Groundwatér Balance

Recharge Volume

The recharge volume of Kharzat aquifer is estimated below.

Recharged Volume to Aqulfer

Catchment

‘Area Precipitation | > 8mm/d | Recharged | Recharged volume
o ‘area . |inayear | precipitation
Kharzat about 70km’ | 181.6 mm 34 mm |25.4mm/year | 4,870 m’/d, or
o ' (14% of total) | 1,778,000 m’/year

" The result of the _conti_nuous water ]ev_el observation indicates that rainfall affects the water

table if it is over eight nﬁlliméters per day' (Smm/day).. 16 % of a_nhual precipitation may

infiltrate to the ground. Two pércent of precipitation may be considered to become

interflow and to move laterally above water table.
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No recharge is expected in winter season of November to middle of April.

Groundwater Utilization

The present total yield of Kharzat production wells is 960 m*/day in average and 1,150

m’/day in maximum.

2.6 ECOLOGY AND ENVIRONMENT

(1) Ecology in Altai City

Fauna

The development of Altai City has reduced th.e diStribution of large mammals near the city,
however some animals are still observed in the sur\;cy area. 'Common mammal species
are Brandt’s Vole, Tolai Hare Siberian Marmot, Red Fox and Corsac Fox and common
bird species are Northem Wheatear, Arctic Warblar Tree Span'ow Wh1te Wagtaﬂ

Homned Lark, Northern Raven and Rock Pigeon. Around Khadaasan Rl_ver a variety of
birds of prey were seen. In wet season‘(spring' andéumnier), .s'ome Waterfowls visit

temporary wet lands. Common insects are arid steppe locusts and 'grasSho'ppers..

Flora
A great part of the land near Alai City is used as pasture land. Overgramng near the c1ty

and the present chaotic sprawl of roads have caused damage to the soil and vegetation.
The vegetation cover near Altai City can be divided into two types of “Arid desert

vegetation” and “Desert steppe vegetation”.

2) .Law and Regulation

Mongoha has more than 20 environmental laws and regulatlons Mongoha has also _

ratified the international conventlons and treaty related to the envnronment
3) Executing Agency

Mlmstry for Nature and Environment (MNE) has the responmblhty for mvestlgatlon _ _‘

monltormg, conservation, and protection of the natural and soma.l env;ronment
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(4) Initial Envirenment Examination (IEE)

In Mongolia, IEE is regarded as the General Enﬁironmental Screeni.ng Process in
confofrhity with th¢ Mongolian Law on Environmental Impact Assessment approved by
the Parliament of Mongolié on January 22, 1998. For this project, it was carried out on
May 22, 1998 by State Senior Inspector in Policy and Coordination Department of the

Ministry of Nature and the Environment.

(5) Mongolian Environmental Impact Assessment
The following laws stipulate the Environmental Impact Assessment (EIA).

‘:‘Mc‘J_ngolian Law on Environmental Impact Assessment” (date effective;
- February/20/1998), and Annex, Annex!, and Annex2.

The Ministry and the local govemmerit will conduct the screening and choose the required
level of EIA study as follows. -

- No further study of EIA is required
- Item-wise EIA study is required
- - Full scale study of EIA is required

If it is required, a licensed environment impact assessment company will conduct the EIA
study for the project under the supervision of the government. The results of EIA study
are made open to the public. The government makes a decision whether to implement the

proj ect or not on the basis of the results.

2.7 WATER QUALITY

Water Quahty of Well

All the ex1st1ng wells except SW-6 are not good for drmkmg because of the high

concentratlon of hardness, magnesxum and sulfate,

' JICA test wells except B- 5 and B-6 are not good for drmkmg, because of the hlgh

concentratlon of hardness magnesmm and sulfate
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Water Quality of Water Supply System

The concentration of magnesium is slightly higher than the Mongolian standard. Total
coliforms exceed the standard in water of reservoir, tap water, water of water wagon, and

stored water in ger. Other items are within the standard.

2.8 WATER SUPPLY SYSTEM

(1) Condition of Water Supply Service

Service Area
The potable water is supphed to the central area (apartment area, approx1mately 90 ha) by
pipe network system and to the whole ger area (approx1mately 224ha) by water wagon

transportatlon system.

Population in Service Area

Category Population Number of household -Fe.mily 7 @
. S - size : B

Apartment Dwellers 3,245 © 488 ' 6.6

Ger Dwellers 14,516 2,661 35

Total _ 17,761 _ 3,149 ' 56

(2) Present Water Supply System

The system is operated and managed by Alta: Clty Public Service Depanment (APSD) '
APSD is responsible for supplying water up to eight Communal Heatmg Center (CHC that
supply hot water during the cold season to the central area) In ger area, Water is supplled

every day by four (4) water wagons with a tank capamty of 4 m*to 4.75 m’,

.Water Supply Facilities and Capacity = (Oetober 1998)

~ Production well 1,200 m*/day 25 m’/hr x 24hrs x4 units (1979, 1986, 1995), two
) . of them are utilized, 1 is spare, 1 is under repairing

Transmission pipe - - Dia.150mm x 2lines, 3.4km x 2=68km
Reservoirr - 2,000 m’ _ 1,000 m* x 2 ponds

. Disfribution pump | 180 m°/hr ' 90 m*hr x 24hrsx 3 units (1 is spare)
Distribution pipe | - _ Dia.200mm x 5600m + dxa ]25mm X 135m iron

. . pipes

Water wagon Max. 78m*/day 4cars (4m X 3ears +4.75m’ x lcar)
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(3) Actual Water Supply Amount

The water supply amount in the winter season is higher than that of summer season by

about 20%. This suggests that the additional water is used for CHC in winter season.

Season | Amount (m’/d) _ Remarks
summer ' 860 | Late night: 6.5 m” /hour (leakage ?7)
winter 1,060 | Late might: 35-38 m’ /hour (leakage ?)
Peal flow: 9-10AM (Friday), 10-11AM (Saturday)

Summer season: middle of May to September
Winter season: - October to middle of May

(4) Water Consumption

Domestic Use

S | o . (unit: m* )

Typeot | - ‘ Monthly Consumption ( 1997-1998) - - Annual

Dweller [Oct [Nov [Dec [Jan [Feb [Mar [Apr [May [Jun |Jul |Aug |Sep |Amount

Apart.  {4950[4950 14950 {5202 [5202 [5202 |5202 [5202 [5202 |5202 |5202 5202 761,668

Ger 940 {980 [988 {1194 [1307F {1331 [11087|1239 [1663 |1378 | 1213 |1734 | 15,089
Apartment ~ : daily mean; 169.0 m’, dally max. 185.3 m’

Ger  :dailymean; 41.3m’, daily max. 57.8 m’
Institutional Uée
_ . | _ - (m*/day)
Category _ “Annual Average Monthly Maximum
N Consumption - Consumption

1. Total Institution 136 93.8% 229 94.2 %

' CHC (16)| - (11.0)% (140) {(57.6)%
2. Total Industries . 9 6.2% 14 : 5.8%
Ground Total 145 100% | . 243 100%
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3. MASTER PLAN STUDY
3.1 WATER RESOURCES

(1) Evaluation of Groundwater Resources
Kharzat water resources shall be given priority for the water source development from the

viewpoints of the potential, water quality, and economy as descrlbed below.

Examination for Groundwater Resources

Water Aquifer| Dis- [Altitude] Potentia]l Water - [Hardness| Const- | Run- Priority

resources type | tance* | (m) quality | (mg/l) | ruction| ning -
{km) : _ - cost | cost

Kharzat - Alluvial | 4-6 2180 | big good 225 low low 1

“Olon Nuur | Alluvial|” $-97| 2190 [ big good 256 low medium 2

Skhyn Hooloy| Quarter-| 8-10 | 2050 [ medium| bad medium | high
. nary :

Khadaason fissure 6-7 2150 | small medium 363 medium | high -

NEof Altai | fissure | 2-3 [ 2120 | medium] bad 1875 | low medium| -

Tsgaantokhoy | Alluvial] 98 1890 | big - [ good . 406 | high | high .-

Tyshir - | Alluvial| 45 1706 | big - . [ good - | high high -

*.distance from the governor’s office (elevation 1s 2170 meters)

(2) Groundwater Potential of Kharzat_Grouhdrvafer Resources
“More than 3,000 m*day may be safe yield.

. _ discharge
Total potential = (Storage volume + recharge volume) {utilization + baseﬂow*)

(*baseflow: estimated almost zero)

. Potential of Groundwater Resources of Kharzat : (ﬁrﬂt: nf/day)
Water source Recharged volume | Utilized volume Safe yield
Kharzat 4870 | 1,150 ‘ > 3,000

Storage volume of groundwater (26,900,000m3) can be utilized. with the monitoring of
water table and water quality especially for drought years. Groundwater table recovers

~ every May in normal and no senous impact is expected for groundwater

3.2 POPULATION AND WATER DEMAND FORECAST
(1) Socio-economic Framework

The following economie growth targets for Altai City were set. |

Economic Growth Targets = (%/year)
1996-2005 - 2005-2015
Whole economy | 3.0 40
Industry - : 4.0 _ 5.0
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(2) Population Forecast

Projected Population in Altai City

Year | - Ger | Apartment] Total
- 1997 14,516 3,245 1 17,761
2005 15,357 3,433 | 18,790
2015 17,131 3,830 20,961

' (3) Water Demand Forecast

Summary

The current total wat_ér demand for Altai City'is calculated by adding the loss volume to

the actual consumption._ The loss rate is estimated to be about 30% of daily consumption.

However it will be improved step-wise with the completion of water supply facility

constructions in the year of 2005 and 2015. The target is set for 25% in 2005 and 20% for

2015.
. - Water Demand Forecast
Category |Population {Served [Unit Water Demand Remarks
' _ Raito  [Demand (m*/d)
(persons) (%) lin max mean. | max.
O . R ey _
" |Apartment 3,245 100 150\ . 487] 487
|Ger 14,516 62 (100)|8.6 (5.2)) 41| 78 _
1997 [Institution €N - - 136] 229]on the basis of 1998
- - |Industry 3 - - 0 14]on the basis of 1958
1998 |Loss - - - 2871 324|As30% of Total
Total 17,7611 960| 1,150[Actual consumption
Apartment 3,433] 100 150 5157 515
Ger 15,357 100 20 163 - 3(7|mean=max x (41/78)
' _ - =0.53Max
2005 {Institution (38) - - 167| 287 Annual 3% in Growth Rate.
Industry Y - - 13 19[Annual 4% in Growth Rate.
Loss - 283 377|As 25% of Total
Total 18,790 1,140 1,500
- |Apartment 3,830 100 1501 575 575
- {Ger . 17,131 100 40 363] 683
2015 [Institution (56) — 248]  417|Annual 4% in Growth Rate.
~ {Industry € 20 31|Annual 3% in Growth Rate-
Loss - — 294 432[As20% of Total
Total 20,960 1,500{ 2,140
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3.3 DEVELOPMENT PLAN

ey

Design Condition

Summary

Design condition for the establishment of water supply services is recommended as

follows.
Design Condition . _
Item 1997 2005 (FS) | 2015 (MP)

Population 17,761 18,790 20,961
Service ratio (%) : o

Apartment dwellers - 100 100 100

Ger dwellers 60-100 100 100
Unit water demand (l/c/day) '

Apartment dwellers 150 150 150

Ger dwellers 8.6 20 40
Water supply method* _

Apartment area Pipeline / tap

Ger area Pipeline / kiosk

1000 - 1500 residents / 1 kiosk -
‘ : within 250m radius / 1 kiosk _ .

Growth rate of water demand (%o/year) T1998-2005 | 2006 - 2015

Institution - 3 4

Industry - 4 5 -
Effective water ratio (%) : 70 LR 80
Dairy maximum water demand = (m’/day) 1,150 1,500 . 2,140
Hourly maximum water demand (m’/hour) 65 - 133 205

- Distribution area will be divided into four of Central : area, ger area G-1, G-2, and G-3,
(2) Water Resources Development

Development Capa01ty for Kharzat Water Source

Future maximum water demand is estimated at 2,140 m3/day in the year of 2015 On the

other hand the ex1st1ng producnon capacity in 1997 is 1,150 m3/day in maximum, An

addmonal 990 m3/day shall be developed by the yea: of 201 5

Development Capacuy in 20 15 ' (Unit: m*/day)

_ - Item Production capacity
A Future production demand in a maximum 2,140
B | Existing production capacity in a maximum 1,150 .
C | Future development capacity (=A-B) 990 -
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Development Plan for Kharzat Water Source

The optimum pumping yield for a well is examined with Theis non-equilibrium equation

on the basis of the following assumed figures:

- transmissivity is 360 m’/day in a mean value in the area,

- storage coefficient of 0.005 is adopted because of semi-confined aqu1fer in
- deeper part, and

- pumping duration is 10 years or 3650 days

The result of estimation of drawdown in 2005 and 2015 is shown in the table below.

The nperation of three wells is sufficient for water demand in 2005.
In 2015, if the pumping wells are operated attentively with a water level monitoring, four
wells will be adequate for the water dernand But, these four existing wells are
deterloratlng. Consequently, these wells shall be reconstructed before 2015 and it is

recommended that a spare well should be constructed anew.

Estlmated Drawdown in 2005 and 2015

Year 1957-98 2005 2015 12015 max

Water demand (average) (m’/day) 960 1140 1500 - . 2,140
Number of wells _ _ "

2 | Pumping rate a well (m’/day) 1480x2° | 570x2 T50x2 1070x2
Drawdown (Pumping) - . E2 63 m | -3.12m -4.11m -5.87m
Drawdown (Interference) - ~~LI7m" 1 -1.38m -1.82 m -26m
Total drawdown in a well -3.80m | 450m . -583m 847 m

3 | Pumping rate a well (m’/day) ) 500x3 714x3
Drawdown (Pumping) 2,74 m -39I'm
Drawdown (Interference) -1.21x2m -1.73x2 m
Total drawdown in a well -5.16m -7.37m

4 | Pumping rate a well (m*/day) 335x4

| Drawdown (Pumping) -293m
Drawdown (Interference) -(1.30x2+1.03)m
Total drawdown in a well . _ i -meT o - -6.06m

5 | Pumping rate a weil (m*/day) - ~300x5 ' 428x3
Drawdown (Pumping} - _ -lé64m --2.35m
Drawdown (Interference) _ T -0.7370.60x2 m § -{1.04+091)x2 m
Total drawd_dwn in a well ' _ -4.38m -6.23m

+ Well location; every 100 m on a straight line
- *1:asareference
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3.4 OPERATION AND MAINTENANCE PLAN
(1) Institutional Strengthening

Water Tariff
It has been made clea:r by JICA Study Team that people of the service area can afford a

rise in the water tariff, if sufficient and safe water is supplied. Consequently, water tariff

shall be determined on the basis of financial aspect of water supply operation and

management.

Establishment of Meter System

It will be necessary to install meters in ap'artments for.user and supply facilities. APSD
has to establish the 1nspect1on system of meter and collectlon system of water tariff for

consumpnon

Reduction of Leakage

The causes of leakage should be 1dent1ﬁed and the proper measures should be taken
toward the alleviation of leakage People shall have the awareness of savmg water to &
reduce leakage from taps and valve of tozlet On the other hand APSD shall 1mprove the

superannuated distribution pipes to reduce leakage from the p1pe1mes

Introduction of Strict Financial Management

Investment cost of expansxon and reconstrucﬁon of facﬂmes and O/M cost should be pa1d

by APSD in order to achieve the self-operation.

Organization

Staff should be increased in sections of water tarlff collectlon procurement and

controlling vanous equ1pments _
If the pipeline network expands to the ger area, wastewater generation fro'm'ger'a'rea al_sci _ a

will increase. In this case enforcement of sewerage section may be necessary.
(2) Legal Strengthening
The following legal issues should be considered in order to accomplish se‘lf_—operatioﬁ.

@ Establishment of standards for industrial products
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@ Independence from Altai Municipality
(3) Training System

Operation and Maintenance (O/M) manuals for mechanical and electrical equipment
should be prepared and training of employee for O/M should be done.

(4) Hygiene Education Plan

Measures against contamination of drinking water

Other than technical improvement of water quality test it is lmportant to make the
residents of ger area know that the responsibility of water quallty lies on the residents once
the water has been delivered to the ger area. Itis r¢¢ommended for Social Health Center
to conduct often a microbiological test on stock water in ger so that they can monitor the
hygienic situation in ger area. It should be noted that the water analysis is done to monitor
the condition of drinking water not to measure the true risk of the people. Therefore, it is

- encouraged to promote the understanding on the role of water analysis as well as
exchanging information between APSD and Social Health Center.

In order to increase the hygiene practiée among the residents in Altai City, the following

approaches are recommended.

~ Increase of awareness on hygiene practice and water consumption

Target group : All the residents in Altai City

Media - :Local radioand TV '

Expected outcome  : The all residents of Altai City apply the knowledge of hyglemc
practice to their daily life.

Implementat;on body Gob1 Altai Social Health Center / Governors office -

' Proper managcment of stock water and water consumption

- Target group : Residents in ger area
Media / Promoter : Health Volunteer
Expected outcome = :The risk of water-borne and water-washed disease will be
: lowered through the proper management and use of stock water
and increase of water consumption.

Water and healt |
Target group : School children
Media ' . : School Class _
Expected outcome  : The basic knowledge on hygiene will be put into practice in

" their hfe
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3.5 MONITORING PLAN

(1) Groundwater

Groundwater shall be utilized sustainablly for the public and the economic activity under

the proper management.

Monitoring shall be continued at the existing meteorological and hydrological stations,
and some of test wells of JICA as follows. |

Existing meteorological stations and observation wells
B5 : Kharzat water resources of Alluvial aquifer

B6 : Olon Nool water resources of Alluvial aquifer
A3 : Khadaasan water resources of fissure aquifer

‘A4 :NE of Altai City water resources of fissure aquifer

The following items shall be measured and mvest]gated

Groundwater table :

Hydrological and meteorologmal data
Groundwater quality

Groundwater utilization

Making inventory and database

@@@@@@

Establishment of groundwater management plaxi

All database and information shall be opened to the 'public This is to improVe the
awareness for saving water, preservatlon of the env1r0mnent and for sustamable :
.developmem that groundwater is limited natural resources.

Groundwater shall be managed and preserved not only by the goVerhment but also by the
public and its users. Otherwise, the irregular development of groundweter and pollution

cannot be controlled.

(2) Water Supply Facilities

It is also required that the monitoring of water supply facilities for proper operauon and
maintenance as follows:

- 'w_ater quality o'f_ raw water and distributed water, _
- residual chlorine at the water tap of the end of pipeline,
- distributed water pressure at pumping station, and

- supplied water preesure at the end of pipelines.
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3.6 COST ESTIMATION

The total investment cost is estimated to be 3,031,061 US dollars which includes the
construction cost, fand acquisition cost, engineering cost and physical contingency as shown

below.
Investment Cost Unit ; US Dollar
Year
Work Item Nos - Amount
. 2000-2005 20062015
1,916,876 630,108 1,286,768
A. Direct Construction Cost )
1,274,733 642,143 182,466 ii 247,642 £92,267 354,501
i
(1} Intake facility X L
Eeconsmaction of existing well TWeIls TEI0TY - 708 55T
Reconsiruction of exasting wel
o L ‘T““}!‘,S}T‘ ".“‘T‘.‘T}JTO"I TR 57,637 { EM k)
Wells B3, 770 5,710
\New production well el o .
o FTeIT r—‘s?m ST TR
(2) Teansmission !'u:ﬁﬁy : .
y ) 0 ITI300 T IS0
New pipe-line ({200 x 2line: M !
New gipe- (@ ine) ST R T (i HEDO ] 55,300
(3) Dismibution facility
Swater ievE mﬁwur N B
TSes X35 T 55H T
Electrode
@ . G SaETT] oy TRSEE T 109 o1 [
- T1ot g 1 TS 3
Q) Trassenit Cable . -
. . wWEs NI 36:659"!"‘ B AL (] Oi [
oter - TTas | 558500 STER —7
e o : [~ 'SU,TUE“‘”"mﬁi x AT 7300 L (]
H H
Water cant TSI Sex] . A 92,150 U
: ) - ”‘“T‘E‘"#T'm‘fé ] le YT L []
| CRETa TEALE T, A%
. oWater kiosk . :
o o TR ~ET TS STTHAR
Restrvoi TFonds 78130 ; 11 ALY
N iae] g
e o 0 i T 0% [} 3} T8, T30 ]
I
+Fipe-line (p 150250y . 11Km ) ]
P TSERmy 19270 - T, 540 134156
@ : YR AR 15357 TZ %% TOZ80% | ST35Y
{I3Km) 67,500 STO7S TS375
G-2 Arca .
@ B T TTEST T T g3 80
1
01 Ao [L5):60] T4.500 S17790 Lo ) 1
@ . TIOT TE00 55074 IETIE 35835 TTUE
———C i (£ 163 w!r.jszn 3 nzslsza
a .
@Cen . [ T2T, 180 I 85 360 L3 T T T 65,360
e Seaion (Teloding Pome] TSC 705,757 [ 05, 707
e relne Fum SETAE R Ul 0 377137 Lintiy
e . Unit 3350 ] LI STH
«Chlerinating equipment - |
] LEXLL [ L3 [ S350 (]
Voot tordt i e 36,702 T 5,702
- Svel In ls]
e featar B 8 T T 2] i)
B. Land Acquisitien Cost - : 0 0 ']
. T —
C. Construction Cost (A X 1.25) - 2,396,085 787,635 1,608,450
D. Design & Supervision {C X0.1) - 239,610 78.764 160,845
.Drralled Design (C x0.065) . - - 119,805 EEETT R 30,423
Supervision (C x 0.05) - ’ 119,805 39.332 30,423
E. Physical Contingency {(C+D} X 0.§5)} . _ 395,356 129,960 265,356
[Total (C+D+E) - - 3,051,061 996,559 2.034,702

Note 1) Exchange Rate :USE 1.00=Yen 117.5 US$ 1.00=Tg 850

2) ) | (D Total (@) Foreign Portion (3) Local Portion
@] ®




3.7 IMPLEMENTATION PROGRAM

Summary

The improvement and expansion of water resources and water supply facilities shall be

proceeded step by step on the basis of impleméntation schedule shown in the following

figure.

Implementation Schedule

Year (2000-2015)

Work ltem Nos . .
: 2001 z002| 2003 | 2004 2005| 2006 | 2007] 2008 2009 2010] 2011 ] 2012 20131 2014 2015
(1) Intake facility
e v | | e | |
New cqnstructlon (?f production well 1Wells H
{Including submersible pump)
{2) Transmission facility
-New pipe-line (D200 x 2line) 3.5Kms J————
(3) Distribution facility
-Water level indicator 2 Sets |
“Water wagon 3 Cars H
-Water cart 2792 Sets|  pwent
~Water kiosk 14 Units e Jr—
(DG-1 area () e u : e
DG-2 area (3) .(.S)l
@G-3 erea (5 s -
*Reservoir 2 Ponds rd
*Pipe~fine ($ 150~250) 11Kms ——— ———
(DG-1 area (P 150~200) (36 o L] _
@G-2 area (P 150) (1.3; l“l'ou . ey
3)G-3 area (©150) 37 Ji Y Ransu
@Central area (d 150~250) 3.2) Iy
*Pump Station {Including Pump) 1St e —
«Chlorination equipment 1 Unit [—
~Water lavel indicator 1 Set premecnd
= » = breakdown
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3.8 IMPROVEMENT PLAN FOR SANITATION

The following sanitary measures should be taken to protect the sources of drinking water
after water supply facilities are expanded in 2005 and 2015.
- Central apartment area: improvement of sewer and waste water treatinent capacity

- Ger area: installation of personal or community treatment facilities

The following sanitary zones should be established to protect the sources of domestic
- water. o _ ' '
- 1 -(100m) strictly prohibited zore.
prohibit setting up of any sources of possible pollution in this zone
I -(300m) zone under protection.
I -(1,000m) monitoring zone.

_ Bact'é.riolog_ical and chemical anaiyses should be carried oﬁt in these zones.
3.9 PROJECT EVALUATION FOR MASTER PLAN
(1) Economic Analysis '

The following table summarizes the result.

Resﬁlt of Economic Evalﬁétiori of Mater Plan

Case ~ _ EIRR B/C | NPV
L - ' (%) | (810)
Standard : 14.5 1.23 591
Cost 10% up 12.4 1.12 339
Benefit 10% down 12.1 1.11 280
Cost 10% up plus benefit 10% Down 10.3 1.01 29

EIRR: economic internal rate of return,
B/C: benefit-cost ratio,
NPV: net present value

The EIRR for the standard case is derived at _14.5."./0 indicating high economic return of the

‘master plan, compared with an opportunity cost of capital or cut-off EIRR at 10%.
The economic evaluation was carried out based on the following assumptions.

- 1) An assumed life of the pipelir_les at 25 years.

: 2) “The estimated costs are as _folldws.
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Investment cost: $ 3,031 thousand in t-otal

Operation and maintenance cost: $ 82 thousand per year in 2015 and
thereafter :
Replacement cost: $ 1,593 thousand in total

3) Economic benefit by domestic water supply is estimated based on the prevailing

water charges and the surveyed willingness-to-pay of the consumers.

Economic Benefit by Domestic Water Supply

Item - ~Umt Minimum | Commercial
requirement | commodity
Value ' Tg/m® 1,875 67
$/m’ 2.11 0.08
Net water use in 2015 :
Apartment l/e/d - 20 130
Ger - : - Veld 20 - 12
Population in 2015 - ' '
Apartment - ~ |No. — 3,830
Ger No. 17,131
Economic benefit 10° $/year 322 14
in 2015 and thereafter ' ' ' '

4) Economic benefit of industrial and institutional water s:upﬁly was estimated based
on the present revenue, by water sale, surveyed willingness-to-pay for water of the
industries and institutions, and annual growth rates at 3.5 % per year until 2005 and

4.5% per year between 2005 and 2015. The folloWing économic béneﬁts were

- derived. _
2005 ' $112 thousand per year

2015 and thereafter: . $ 174 thousand per year
(2) Financial Analysis |

The objéctives of a financial analysis are:
- to derive appropriate' water charge and N _ _ |
- assess financial viability of the master plan for APSD by a financial internal ra_té of
return, : : . : _
An analysis was made to derive fair water charges for ger and apar_tmént dwellers from the
perspectives of cost recovery and affordability. It was found _that'an. éppropriate target

for cost recovery would be the one where operation and maintenance cost is covered by
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water sale rcvenue. A target beyond this level would pose a difficulty in terms of
affordability for residents. It is assumed that the present tariff for industries and
- institutions remain unchanged. The following table compares the existing water charges

and the proposed water charges for 2005 and 2015.

Proposed Water Charges for Domestic Water

: . (Unit : Tg/m3)
Existing 2005 2015

Ger - 1,250 566 283
Apartment 56 64 - 86
Industry / Institute 900 900 500

Under these water charges, the proportion of the éxpenditure on water to rrionthly income
stays within 5% for the populafibn with é per. capita income of less than Tg.10,000 per
month. The pophlation of this categ(')ry' accounts for 80% of ger dwellers and 40% of
'apa.ttr.nent dwellers. ' | N

- The financial internal rate of return (FIRR) of the master plan under these proposed water
charges is negative. It would be necessary for the govemment_to subsidize the investment
cost and replacement cost for implementing the project. Financial autonomy for APSD

would be achieved for operation and maintenance portion. -
(3) Social Evaluation

Proposed project on water supply system mainly focused on the improvement of water
" supply in the gér area aiming at increaéing chances of water availability. Although the
resident of .ger area cited yard connection as a preferable choice, it is not technically
feasible, ~ As mentioned in social analysis, no negative impact on the proposed project is
__recognizéd ih_tems of religioh and social custom, acquisition éf land for the project, and

~ water seller.
4) Analysis for the Beneficiaries
While the higher income group of 'non-piped households approved 161% of increase, the
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lower income group of non-piped households approved 80% of increase to the current
tariff level. It is recommended that waving system of water charge for lower income
group - unemployed and single female headed households should be revised periodically

in accordance with local poverty assessment.

The proposed installation of water kiosk will facilitate the availability of water in terms of &
time. This also will lead to the increase in the water consumption for nori—piped
households. The frequent supply of water will reduce the habit of stock water and bring

about less opportunity of contamination.
However, 20% of non-piped ho_useholds'will not gain the 'very benefit of kiosk type of
water supply since a fixed single kiosk are planned to cover radius of 250m. - It is

* recommended that the water supply department promote the use of water cart.

(5) Initial Environmental Examination (IEE)

Gonerat | - @

As a result of screening conducted by MNE, “Scope of Actions” was drawn up.

Scope of Actions
a) The folloWing items should be inveétigatéd by a specialized organizations.
- Water
- Soil
- Floraand Fauna
- Historical and Cultural Monuments - _ .
b) It shall be worked out an environmental plan of action and environmental
monitoring program. _
¢) The detailed environmental impact assessment (EIA) statement should be
submitted to the MNE on the basis of the Law on Environmental Impact

Assessment. It is submitted in'September 1998.
3.10 SELECTION OF THE PRIORITY PROJECT FOR THE FEASIBILITY STUDY
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Considering the above

Summary

mentioned criteria such as groundwater potential, water demand,

and economy, the priority project of the water supply development has been selected It

recommends to improve the existing water supply facilities of production wells,

transmission pipes, distribution pump. It also recommends procurement of water wagon

and water cart and to construct the main distribution pipe and kiosk for some ger area.

These shall be examined in an 1mp1ementat10n design in the feasibility study.

4. FEASIBILITY STUDY

4.1 DESIGN CONDITION

(1) Target year
~ (2) Future population
| (3)'Popu1ation served
(4) Service area

12005
in 2005 4 : 18,790
o : 18,790 (apa.rtment 3,433, ger; 15,357)
: whole apartment and ger area

- (5) Future water demand in 2005 : 1,500 m’/day in maximum

(6) Additional development capacity : 350 m’/day in maximum
(7) Water source and its potential : KharZat, more than 3,000 m*/day

4.2 DEVELOPMENT PLAN -

The development of water supply facilities shall proceed as follows.

Required

facilities 1o increase the capacity of water supply

Measures

Facilities

Improvement of
- existing facilities

1, reconstruction of 3 wells (total 4 wells; one is spare)
2, replacement of submersible motor pump with control system :
0.42m*/min x 65m x 3 unites (total 4 pumps; one is spare)

: Construction of new
facilities '

1, water level indicator systern for reservoir : 2sets

2, procurement of water wagon ; 5m’ x 3 cars

3, procurement of water cart : 2792 (households) sets

4, distribution pipe for ger area G-2, G-3, and a part of G-1 :
dia.150-200mm x 3.9km

5, water kiosk: G-1; 2 sites, G-2; 3 31tes G-3 5 51tes

4.3 OPERATION AND MAINTENANCE PLAN

Institutional Strengthening

_ Introduction of appropriate water tanff
- Implementation of meter measuring system
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- Reduction of water leakage
- Introduction of strict financial management
- Establishment of functional organization

Improvement of Data Arrangement

Daily or monthly operation data of water consumption, electric pewer consumption,
chemical dosing quantity and other necessary data shall be arranged systematically and

checked well under the strengthened organization.

Training System
There are 45 employees including director in APSD. They are too.speeial.ized in their |
specific field of work. |

Therefore appropriate training “system s ‘necessary to make them master ihe

comprehensive operation and maintenance technique.

Hygiene Education Plan

In order to increase the hygiene practice among the residents in Altai City, the folloWing

approach are recommended.

- Increase of awareness on hygiene practice and water eonsumption'
- Proper management of stock water and water consumption
- Water and health :

4.4 MONITORING PLAN

The following items should be regularly measured or studied for the purpose of

meonitoring the present conditions and accumulatlng data for the future use.

For water sources

- groundwater level, :

- hydrological and meteorologlcal data,
- groundwater quality, and

- . groundwater utilization.

For water supply facilities

- water quality of raw Wate_r and distributed water, U
- residual chlorine at the water tap of the end of pipeline, -
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- distributed water pressure at pumping station, and
- supplied water pressure at the end of pipelines.
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4.5 COST ESTIMATION

The total invesiment cost by the year of 2005 amounts to 996,359 US dollars which includes
the direct construction cost, overhead cost, land acquisition cost, engineering (design &
supervision) cost, and physical contingency. Its break down is shown below.

Investment Cost until the Year of 2005 (Unit : US Dollar)

Total Cost
Work Item Nos o1 oS
~ (2000~2005)
630,108
A. Direct Construction Cost - ;
. _ 382,466 247,642
(1) Intake facility - 197,308
-Reconstruction of existing well 3 Wells : et
. . T729T0 ] 73,398
{2) Distribution facility . _ 432,800
« water level indicator T
X
(@) Electrode 2oets 0,67
6585 TO%
(2) Transmit Cable T Lot S
. GG T 7S
, TCars 32,800 -
» Water wagon
o 30,400 : 2,400
2792 Sels 9136
- Water cart
: 0] ZA K1)
. Water kiosk 10t ' >1L.UeY
o o O SEU60
-Pipe-line (P 150250y - 39Km _
@G-l Arca {1.0Km) 3%.530
25,657 | 12,883
G2 Area {T.0Km) STY75 _
. SLIES 20,790
@) G-3 Area (T9KH) U1, 750 3
_ 35074 36,716
B. Land Acquisition Cost - _ 0
C. Construction Cost (A X 1.25) - 787,635 ‘
D. Design & Supervision (C X0.1) - . 78,764
»Detailed Design (C x 0.05) - 39,382 .
- Supervision (C x 0.05) - 39,382
E. Physical Contingency {{C+D) X 0.1 - _ - 129,960
ATotal {C+D+E) - _ 996,359
Note 1) Exchange Rate : US$ 1.00 = Yen 117.5 US$ 1.00= Tg 890
) R (® Total (@ Foreign Portion (3 Local Portion
@ ! o) : _ .

S-28



Summary

4.6 IMPLEMENTATION SCHEDULE

Implementétion schedule on priority project is proposed as shown below.

Implementation Schedule

- Year (2000~2005)
Work Item : Nos
2060 | 2001 2002 | 20031 2004 2005
(1) Intake facility :
(el submersible pum 3 Wells ———
(2) Distribution facility
-Water level indicator . 2 Sets f—
-'Waten.r wagon 3 Cars H
*Water cart ' 2,792 Sets oy
Water kiosk =~ L 10 Units . #
@G-1drea @ ks
-@G-2 area . (3 (lj)
B)G-3 area : - (5) L(-D)q
*Pipe-tine (® 150~ 250) S "1 39Kms
(DG-1 area (P 150~200) | (1.0) | el
@G-2 area (D150) | (1.0) | R
®G-3 area (P 150) (1.9) b
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DISBURSEMENT PLAN

The proposed disbursement of the project is shown below.

Summary

Disbursment Plan (Uit US Bott)
Year 2000~ 7005 Toal Coal
Work kem Mos '
000 00T 7002 7003 1004 005 (2000~2005)
- 144,516 36,0338 TETES T ARG
A. Diteet Construgtion Cost - J——
. 50,400 | 94,536 | 162,59 |f 23,520 114,974 i 67,341 | 55074 | 62,246 of O] 382487 T ez
il i H
(I Inrake facilicy i
TWENT I3 BT, T TYI0Y
. ion of exisli | ' "
_Rcoonsmcuon of exisling we! ISR T | ST A T30 IR
(2) Distribution facifity IILE00
[ T AT TETRI A NG
T 5l |20 BEST
(T) Electrode R 5586 tox o—
s TLol qr,ﬁu: LR UM}
@Tmsmz?Cable . AT T A
Sals 450U LTIV
-Water wagon
. SUATOT T TARY SUA00T 300
LTI FE TG EZA R
«Water can
- () ! vi,130 w ! EFAELD
" TUORIT Fam-310) 550 ITU00
« Water kiosk
. U] [ 211 L+ i 23330 Ul TR
- oPipe-line {p 150~230) 39Km .
DGt Ama TTUKm) LRI N :3,3au'
PR TR A1 1.0 K TZ,38% |
D G2 A (TR} r STYTE ] I STITS
ILETT 0TS ITTES T 20T
@G Ara (W) MY TS0
- . . 23,078 I 36,710 e UiE ; 30 TTH
{8 Lznd Acquisition Gost - [ ¢ [1] T [ [] [
[ Consiraction Cost 1A X 135) - ] T80 | E] AT 146,650 0 TETE3S
D. Design & Supervision {C X0,1} B 9,059 76,686 22,951 15,696 7333 K} 78,764
+Detiied Design (C x 0.05) B 9059 11,627 T1.363 D) T 0 39,382
~Surpetvision (C x 0.03) B i 9059 17827 TRIEF TAE [ 39,5862
E Physical Contingency {(C+D} X 0.15) . (%55 WITE 18331 15808 3057 [3 LK T
Total (C+DHE) - 10,418 32,134 203,869 282,839 177.080 ¢ 996359

Note 1) Exchange Rate : US$ 1.00=Yen 117.5 US§ 1.00= Tg 890

2) )

@10

(D Total (%) Foreign Portion (3) Local Porti
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4.8 OPERATION AND MAINTENANCE COST

Operation and Maintenance Cost

Summary

The annual average O/M costs after the completion of each construction works without

replacement cost (as of 1998) are estimated below.

Annual Operation and Maintenance Cost

. Year (2000-200%)
Item Unit Total
2000 2001 2002 2003 2004 2005
Daily Mean Demand mS/day 1,011 1,037 1,063 i,089 1,114 1,140
Hourly Maximum Demand ] m3/h 86.4 95.6 104.9 114.1 1233 132.5
1. Electric Power Cost (US$0.126/KwH) US$/Year| 32,600 37,1731 37,693 312131 31558 31,917 202,160
*Electric Gonsumption KwH/Year| 258,727 | 295,022 1 299,198 | 247,726 | 250,463 | 253,310
(Dintake Pump (Existing) KwH/Year] 162.367 | 166,542 | 170,718
(@inteke Pump {Reconst. & New) KwH/Year 119,246 | 121,983 | 124,830
BDistribution Pump (Existing) KwH/Year] 96,360 | 128480 | 128,480 | 128,480 | 128,430 | 128,430
@Distribution Pump (New) KwH/Year] -
2. Chemical Cost (U5$0.34/Kg) US$/Year 916 939 963 9871 1,009 10331 5847
*Chemical (Cl;) Consumption Kg/Year 12,693.81 12,763.09 |2,832.36 12,901.64 | 2,968.25 (3,037.53
3. Personnel Cost US$/Year| 10,598 10,598 11,771 11,771 13,456 | 15,141 73,335
4, Repair Cost (1% of Const~Cost) Lot 0 0 1,812 4,137 6410 7,876 20,235
Total Annual M & O Cost US$/ Yearf 44,1137 437107 52,2457 43,108 32433 ] 35,967 ] 301,576
The equipment shall be periodically replaced at the end of its life span. The detail
replacement cost is shown in the following table.
- Replacement Cost _ Unit : US Doller
: ' Lifi Y 0
Work Item unit | sar {2000-2005) Tota]
. S : Span 2000 2001 2002 2003 2004 2005 :
e Tacilf RIST, (37 1352 0 o o 7 FHG03T
“Well Year 15 366601530 45,956
“PUMp hiouse Year a0 671013355 10,065
STrkake pump Year (3 HE5H158,266 174,798
*Collection pipe Year 55 10,522 5261 15,783
iDiztribution Tacility Year 3 FO T 081 24T M 5056 G650 Skt B0fr
“Water level ngicator Year 15 6812+ G124
“Water wagon Year 10 ‘?t:,u"ﬁﬁ 65,000
“Water cart Year i 5170 115,176
“Water Kiosk Year %0 3191373193 63,826
“Pipeine TP TS0R2507 Yoar 55 H 3738 23788t
Total of Replacement Cost - - 181,170 | 232,547 {227,268 {146,650 787,635
Every 10 Years 66,000 | . 66,000
Every 15 Years 115,170 |215,315 | 73,596 404,081
Every 25 Years 10,522 [ 118,404 | 114,738 243,664
Every 40 Years 6,710 | 35268 | 31913 73,890

Rote 1] EXchange Rate T USS 10D = Yen I1T7.5 US55 1,00= 15 390
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4.9 IMPROVEMENT PLAN FOR SANITATION
The following sanitary measures should be taken to protect the sources of drinking water
after water supply facilities are expanded in 2005 and 2015.
- Central apartment area: improvement of sewer and waste water treatment capacity

- Ger area: installation of personal or community treatment facilities

The following sanitary zones should be established to protect the sources of domestic
water, ' '
I- (100m) stnctly prohlblted zone. . _
prohibit setting up of any sources of possible pollutlon in the I-zone
I1-(300m) zone under protection.
Im-(1 ,OOOm_) monitoring zone.

1t should be carried out bactériologicél and chemical anal.ys'es.in these zones.

4.10 PROJECT EVALUATION

(1) Economic Analysis
The following table summarizes the resuit.

Result of Economic Evaluation of Priority Project - - R
Case . EIRR B/C NPV

(%) L (8107
Standard 163 138 532
Cost 10% up 14.3 1.25 © 391
Benefit 10% down | 14 124 - 337
Cost 10% up plus benefit 10% Down S 123 1.13 : 196

EIRR: economic internal rate of retum,
B/C: benefit-cost ratio,
NPV: net present value

" The EIRR for the standard cés_e was derived at 16.3% indicating' high economic return of
the priority project, compéred with an opportunity éost of capital or C'ut-bff EIRR at 10%.
. The assumptions for the analysis on the master plan were also employed. The followmg

~ are the used values and the estimated economic beneﬁt
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Economic Benefit in 2005

Summary

Item Unit Minimum | Commercial
requirement | commodity
Value Teg/m’ 1,875 67
_ $/m’ 2.1 0.08
Net water use in 2005 :
Apartment lfc/d 10.6 1394
Ger e/d 10.6 0
Population in 2005 -
Apartment No. 3,433
Ger : No. 15,357
Economic benefit ' .
in 2005 and thereafter 10* $/year 153 13
" Domestic water _ ,
Industrial/Institutional water 10°$/year 112

(2) Financial Analysis

The FIRR for the priority project was denved at 4 6% based on the derived water charges

in 2005, indicating the possibility that the fund_ for 1mplementmg the priority project could

be procured from the source with an interest of less than 4;6% per year.

' (3) Environmental Impact Assessment (EIA)

EIA was conducted for the priority projebt site of Kharzat water source and new water

supply facilities.

1 Expect.ed Environmental Impacts

Construction of Water Supply Facilities

- Judgement

Drilling noise for human being (including livestock) and fauna | small negative
_ (especlally in breeding season)

impact

m’)

Degradat:on of vegetation / sub5011 by drﬂhng work, (IO -30| " small negative

impact

Degradation of vegetanon / subsoil by constructing
distribution pipeline (30 m x 3.9 km: affected area 12ha)

large negative impact

Employment

small positive impact

if constriction workers are 10caliy employed

impact is positive.

impact is negative. -
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Operation of Water Supply Facilities

Item Judgement
Stable water supply, especially for Ger areas large positive impact
Degradation of groundwater, wetland, vegetation | large negative impact
and subsoil if overusing the groundwater :

Employment (changing types of job) small impact

.2) Mitigation of Impacts

- Inform the construction detai] before the commencement _
- Prevent the degradatron of vegetation and subsoil from the construction work

- Prevent the degradation of groundwater from overusing

- The followmg sanitary scheme should be established to protect the sources of
drinking water:

I - (100 m) strictly prohibited zone,
iI - (300 m) zone under protection,
III - (1,000 m) monitoring zone,
and prohibit setting up of any sources of possible pollution in the I-zone.

3) Monitoring and Management

. Construction Phase

After the construction of a facility vegetation and subsoil in the affected area should be
monitored, and if necessary, some measure should be taken

Operation Phase

Water level and quality of groundwater, vegetation and subsori should be momtored and |
if necessary some measures should be taken.

CONCLUSION AND RECOMMEN])ATION '
Conclusmn

The project evaluation revealed that both the master plan and prronty pro;ect were feas1b1e '
therefore worth promoting to the 1mplementatlon stage. The pr01ect would contribute to
the 1mprovement of the living standard of Altai people and support economic development
in the city. An appropriate financial arrangement would be needed considering the low

financial retumn of the project. No adverse impacts are env1saged in the en\rlronmental and
social aspects. '
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Summary

Recommendation

(1) At present ger dwellers have great diéadvantage in that water wagons deliver water a
couple of times in a day for them, while apartment dwellers get water by taps any time.
Ger dwellers cannot get water whenever they want. Therefore, improvement of water
supply service for ger dwellers.shall be given priority.

(2) Disparity of water tariff between apartment dwellers and ger dwellers shall be revised.
To start with, the above mentioned fact should be opened to the public.

3) People have to change the awareness for water quality that high mineral concentrations
in water affect their health. Actually, the chemical contents are below the Mongolian
standards except magnesium. The problem is. the total coliform in water, especially in
the stored water in ger. Water in Altai City. is not as bad as they claim, considering the
water_' quality analysis result and especially when it is compared with water quality and
standards of some other countries. Hygiene education for the public shall be conducted
through radio, teieviéion, by the public health center and school with following
objections: ' |

- increase of awareness on hygiene pracﬁce and water consumption,
- proper management of stock water and water consumption, and -

- water and health.

(4) Epidemiological survéy that started from 1998, shall be continued to clarify the cause of

chronic diseases.

~ (5) The drawdown in operation of wells should be kept around four to six meters to conserve

the limited natural resources of groundwater.

~ (6) The loss ratio of lca_kége should be improved step-wise. Wéter meters shall be installed at

- the pumping station, apartment bu_ildings, public buildings, and in each apartment. APSD
has to inspect meters and find the poiﬁt of leakage in order to improve the water supply
facilities. Inspection staff in APSD should be strengthened.

(7Y All information shall be opéried to the public to imptbire the people’s awareness for saving

- water, preservation of the environment to spread the idea. that groundwater is limited

natural resources.
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INTRODUCTION
BACKGROUND OF THE STUDY

The Government of Mongolia established “the Regional Development Plan of Western
Five Provinces” including Gobi-Altai Aimag in 1993. The Government of Mongolia
also adopted the Decree 119 of some measures on development of Gobi-Altai province
in July 5, 1995. It is reported in the development plans that the shortage of water
quantity and bad water quality had restricted the development of western part of
Mongolia and Gobi-Altai province. Consequently, the improvement of quantity and
quality of water in Altai city which is the capital and center of Gobi-Altai province,
shall be given priority to promote the development.

Recently, Altai city has frequently encountered the suspension of water supply due to
the superannuated water supply facilities and exhausted groundwater resources.

Altai city requested to improve the water supply facilities to the Ministry of
Infrastructure Development. But, the central government could not cope with the
improvement of water supply facilities in Altai city due to the shortage of budget and
manpower. _ ,
Accordingly, the Government of Mongolia requested the technical. assistance from
Japanese Government in the formulation of a master plan for the water resources

development and a feasibility study of high priority project for Altai city.

In re'sponse to the request of the Government of Mongolia, the Government of Japan
decided to conduct the Study on Groundwater Development for Altai City (hereinafter
referred to as "the Study") in accordance with the relevant laws and regulations in
force in Japan. In May 1996, the Japan International Cooperation Agency
(hereinafter referred to as "JICA") dispatched a mission headed by Mr. Makoto AOKI
to Mongolia for the preliminary survey as well as discussions on the scope of work for
the Study. The scope of work was agreed upon between the Government of
Mongolia and JICA mission on May 18, 1996,

JICA, the official agency responsible for the implementation of the technical
cooperation programs of the Government of Japan, will undertake the study in close
cooperation with the authorities concerned of Mongolia.

Mihistry_ of Infrastructure Development and G_obi-Altai Governor’s Office act as
counterpart agency to the Japanese Study Team and also as coordinating body in
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relation with other organizations for smooth implementation of the Study.

In September 1996, Pacific Consultants International in association with _Mits'ui
Mineral Development Engineering Co., LTD. (hereinafter referred to as "the Study
Team") was appointed by JICA to conduct the Study. And in the same month, JICA
dispatched the Study Team headed by Mr. Teruo TAHARA to conduct the first field
survey in Mongolia. '

Since September 1996 to February 1999, JICA Study Team has conducted the Study.
Flow Chart of the Study is shown in Figurel.1

OBJECTIVES OF THE STUDY

The objectives of the Study are :

(1) to formulate a master plan on water resources develdpment (focusing on

groundwater) and 1mpr0vement of water supply system for Altai city for the
target year of 2015, ' ' o :

(2) to conduct a feasibility study for the przonty prOJect 1dent1ﬁed in the master plan
for the target year of 2005, and ' - '

(3) to pursue the technology transfer to the counterpart personnel in the course of the
Study. '

STUDY AREA

‘The Study area covers an area of about 600 km® as shown in Figure 1.2, The detailed

groundwater development study covered the area of “Kharzat” and “Sukhyn Khooloy”
as shown in Figure 1.2. = Tsagaantokhoi and Taishir along the Zavkhan river were

also investigated as alternative water sources by reviewing previous studies.
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