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MASTER PLAN STUDY
BASIC CONCEPTS FOR THE MASTER PLAN

Water supply development shall be established on the basis of the following basic
concepts.

Existing Kharzat water source shall be expanded under the plan of groundwater
preservation such as groundwater table and water quality monitoring.
Water supply development for gef district shall be given priority.
Recommended unit water consumption for apartment dwellers is 150 liter / capita /
day. It should be raised step by step under the improvement work of leakage from
water taps and toilet instruments.
Unit water consumption for ger dwellers is recommended to be 40 liter / capita /
day that is the recommended volume of Ministry of Health.
Water demand of institutions and industries shall be projected on the basis of
economic (3-4%) and industrial growth rate (4-5%) respectively.
Water loss from pipes shall be decreased step by step with the improvement work
of water supply facilities. '
It is important to promote the people’s awareness of saving water. This is as
equally important as developing the water source or improving the water supply
facilities.
Water tariff system shall be changed with the installation of water meter.

- The self-operation system of Altai Public Service Department (APSD) shall be
established on the basis of water tariff and operation and maintenance cost.

WATER RESOURCES
Evaluation of Groundwater Resources

Groundwater resources in and around the Altal Cit'y are listed below and its location is
shown in Figure 3.1.

. Kharzat water resources shall be given priority for the water resources development

from the viewpoints of the potential, water quality, and economy as follows.
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Examination for Groundwater Resources

Water Aquifer} Dis- [Altitude[ Potential| Water | Hardness Const- | Run- Priority

resources type | tance* | (m) quality | (mgCaCOy/1)| ruction | ning

(km) : : cost | cost :

Kharzat Alluviall 4-6 | 2,180 | big good 225 Tow low ]

Olon Nuur Alhvial] 8.9 2,190 | big good 256 low medium 2
Skhyn Hooloy| Quarter-{ 8-10 | 2,050 | medium | bad medium | high

nary

Khadaason fissure | 6-7 2150 | small edivm 363 niedium | high -

NE of Altai | fissure | 2-3 | 2120 [ medium { bad 1875 low medium -

Tsgaantoghoy | Alluvial| 93 1850 | big good 406 high high 1 -

Tyshir Alluvial [ 45 ] 1700 | big good - | high high -

4y

@)

3)

4

)

* : distance from the governor’s office (elevation 15 2170 meters}

Kharzat
Kharzat groundwater resources located near the city has been utilized for the domestic

and industrial water. It has sufficient potential for the use of water supply and its

water quality is better than the other water resources.

Olon Nuur
It is located at the upstream of Kharzat water resourt;es. It is expected that its
groundwater potential is sufficient for the water supply of Altai City and its \.i._rater

quality is slightly worse than Kharzat water but not as bad as the others.

Sukhyn Khooloy

It is located at the north of Altal Clty and about 10 kilometers far from the 01ty Itis

reported that water quality of this water is bad. The groundwater potential is not big

comparing with Kharzat and Olon Nuur.

Khadaasan

Kadaasan water resources of ﬁssure aqulfer 18 located at the northwest of Altal City,
and about 6 to 7 kllometers far from the city w:th an a,ltltude of 2150 meters. s
potential is suitable for local water suppiy Water quality of this fissure water is not so

bad with a hardness of about 362.5 (mg CaCoO /hter) Magnesmm content of about 73
{mg/liter).

NE of Altai

This water resources of fissure aquifer is located at the northeastern edge of Altai City,
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and abdut 2 kilometers far from the city with an altitude of 2120 meters. Its potential
is estimated about 1000 m*/day. Water quality of this fissure water is not suitable for
the source of potable water with a hardness of about 1,875 (mg CaCOjliter),
Magnesium of about 402 (mg/liter).

Tsagaantokhoy

This water fesources of Alluvial aquifer was investigated by the Mongolian side. They
found a ﬂowing well (artesian well) and it proved to be a good water resource with
satisfactory water quality. But, Tsagaantokhoy is located far away from Altai City
with a distance of about 98kfr1'and its elevation is 280 meters lower than Altai City.
These are signiﬁt_:ant disad{fantages_ from the _\}iewpoints of procurement cost of

materials, construction cost, and running cost of electricity and maintenance.

Tayshir

This water resource of Alluvial aquifer is supposed to be a goo_d water resource with

_ an available water qﬁality. But, it is also located far away from the Altai City with a

~ distance of about 45 kilometers and its elevation is 450 meters lower than that of Altai

City. These are significant disadvantages in the same manner as Tsagaantokhoy water

Tesource.

" Groundwater Potential of Kharzat Groundwater Resources

Groundwater Storage

Based on the Isopach map'.of the aquifer, the volume of groundwater storagé can be
roughly calculated as follows.

The"é:ea of the aquifer

'-Athickﬁess |0 !'10 - |20 E | (meters)

Theaea 265 |1L1 |25 |Gm)

The volume of the w'hole. aquifer i_sres_tir.nated by the following simplified expression;
- 26.5x 10°x 5 +(11.1+2.5) x 10°x 10 = 268._5 * 10° (m*)

_ Effectivé_ porosity of the aquifer material is estimated at 0.1 to 0.15;

Then, the groundwater volume stored is ;

3-3
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268.5 x 10°x (0.1 to 0.15) = 26.9 x 10° to 40.3 x 10° (m*)

Recharge Volume

The average annual recharge volume to an aquifer can be quantified by considering the
infiltration rate of precipitation. The recharge volume to Kharzat aquifer is estimated

- below.

Recharge Volume-to'Aquifer Co

Area | Catchment [ Precipitation | > 8mm/d | Recharged Rechai'ged volume
' area inayear | precipitation

Kharzat | about 70km* { 181.6 mm 34 mm 14% of total or | 4,870m°/d or

25.4mm/year | 1,778,000 m’/year

The area of Kharzat is about 70 km?. The annual average precipitat_ion is reported at
181.6 mm. About 64 % of orecipitation concentrate during rainy season from June to
August. The result of the continuous water level observation indicates that rainfall
affects water level if it is over eight millimeters per day (Smm/day) it probably means

" that rainfall of seven millimeters or less flow out from ground surface.

In 1998, the total of rainfall that is over eight millimeters per day was 34.4 mm. The
value is 25 % of the total rainfall in the rainy season (137.4mm in 1998) that has 64 %
of annual precipitation in an averege of about 40 yearé. Therefore, 16 %, or 0.64 -
multiplied by 0.25, of annual precipitation is the roughly estimated recharge to
underground. Two percent of precipitation is considered to become inter flow.
Consequently, 14 % of annual precipitation, or 25.4 mm, recharge to the aquifer. The

estimated total recharge volume becomes 1,778, 000 m’/year, or 4870 m3/day in
Kharzat area.

Groundwater Potential

Groundwater potential, in other words, is an available volume of groundWater.
Groundwater can be utilized within the storage and recharge volume under proper

groundwater preservation measures of groundwater table and water quahty
measurement

The folloWing simple eqﬁation is fe’presenting flow thrdugh an aquifer;

o . ' dlscharge _
Total potential = (Storage volume + recharge volume) (utlhzanon + baseﬂow)
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The groundwater development potential in an area will be evaluated on the basis of the
storage of the aquifer and the natural recharge to the aquifer.

In the Kharzat area, the estimated recharge volume is 4,870 m’/day. The present yield
(utilized volume) from the aquifer is 960 m’/day in average and 1,150 m’/day in
maximum, -

Therefore, more than 3,000 m’/day may be safe yield for water supply.

Potential of Groundwater Resoufces of Kharzat (unit: m*/day)
Water source . | Total potential | Utilized volume Safe yield
Kharzat 4,870 : 1,150 > 3,000

Development Program

When the development is implemented, it should be avoided that a large amount of
water 1s pumped up froni only one production well. It may cause the local reduction
of water level and the deterioration of water quality. The continuous monitoring of
water level and quality in the area is recommended even if a number of production
wells are constructed to obtain water. | '

Kharzat aquifer has the sufficient groundwatér potential in summer season because of
. sufficient recharge volume from precipitation. ' '

No recharge is expected in winter season from November to the middle of April. But,

. its aquifer has a large storage of groundwater (26,900,000m3), and this stored

_ groundwater can be used in winter season without any significant effects on the
-~ environment. Groundwater potehtial recovers from the middle of April every year
_ because of thé_. increase of groundwater table. '

Optimum P_uinping Yield of Kharzat Water Source

There are four productioh wells in Kharzat and two of them have been operating at
presént. The maximum total pumping volume is about 1,150 m’/day. _Thé discharge
rate is 575 m*/day from one well, which is close to the_volume'(')riginally planned by
the Mongolian side (see table 2.9.1). It seems to be an appropriate operation and
pumping yield. ' ' ' ' | ' '

When considering an 'optirhum puﬁlping yield, the drawdown in a well should be kept
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under six meters (ideally four meters) considering the aquifer thickness of 10 to 20
meters. ' _

But, actual pumping rate and pumping water level have not been recorded at any of
Kharzat production wells. So the water level monitoring is essential for the proper
groundwater management in future. _ '

Therefore a proper water level measurement system should be urgently established.

The optimum.'pumping yield for a well in Kharzat is examined with Theis non-
equilibrium equation on the basis of the following assumed figures;

1) Transmissivity is 360_ m*/day that is the mean value in the area.
2) Storége coefficient of the aquifer that is 0.005 of unconfined with semi-confined

The above-assumed figures can be applied to the present condition ﬁrst as follow_s.

When the annual average of the pumping rate of a well is 480 m®/day, the drawdown

in a cased well with an inside diameter of 0.2 m is calculated at 2.39 meter after the
j:u_rhping duration of 365 'days. The interference drawdown caused by another
pumping well that is 100 meters away is calculated at 0.92 m for the same duration.
The total drawdown in the well is the sum of the two figures; 3.31 m.

While actual water levels in the intake wells are unknown, the figure can be considered
reasonable compared with the original planned figures of 4m. ' These planned figures
were likely determined by the pumping test conducted when the well was constructed

in 1979, 1986, and 1995, though the detailed data were not obtained during the Study.

The isopach map shows that the tﬁickness of Kharzat aQuifer is 10 to 20 meters or
more.  If the actual present drawdown is more than the estimated drawdown, it
possibly means that the well performance has been deteriorated by some factors. For
example, when a pump operates continuously f_of'a long period, the filter zone of the
well may be plugged by fine particles and it causes loss of well éfﬁciency. Almost 20
years have passed since the construction of the wells in Kharzat.

POPULATION AND WATER DEMAND FORECAST
Socio-Econom_ic FrameWork

Objective

The objective of formulating a Socio-economic framework is to provide some of the
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basic conditions for water demand forecast. Water demand in Altai City is to be
estimated for the year of 2005 and 2015 on the basis of the projected population and

economic growth rates set as the Socio-economic Framework.

Economic Growth

The following economic growth tai'gets for Altai City were set.

* Ecoromic Growth Targets  (%/year)
1996-2005 2005-2015
Whole economy 3.0 4.0
Industry 40 - 50

The period until the year 2005 is regarded as a tran_sitiona] period from a centrally
planned to a market ecdn_omy. The period since 2005 is characterized by a higher
level of market oriented operations. The period until 2005 could be characterized also
by a high level of dependénce on the central government for the development activities,
both public and private. As for the other regions in Mongolié, Gobi-Alal would have

1o depend on the central government for funding various projects. A whole

mechanism of de_v'elopmerxt in Mongolia would be that the advanced areas in Mongolia
such as Ulaanbaatar and border towns accelerate economic growth, leading to an

increase in tax revenue for the central government. The central government can

channel part of the collected revenue to regions in the form of subsidy or loans with
favorable conditions. It is important that the fund, thus, provided be used for
investment objective as much as possible rather than consumption purpose. Once

- initial momentum for further growth is gained, it would become _e:asier for regions to

c_xpand development activities on their own. This would take place more in the period
from 2005 to 2015 in areas like Gobi-Altai with location disadvantages and

- underdeveloped infrastructure.

~ Various efforts by the Mongolian g(')v'emme'nf is aimed at accelerating economic
: gr()wth_through development of various hard and soft infrastructure. The mechanism

such as above would likely take place with continued efforts by the _governmént. .

- Based on these considerations, the economic growth rates set for Altai City as
 presented above are to be applied as the Socio-economic framework.
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(3) Population Forecast

The population in Altai City is projected in the following two steps.

- projection of total population in Altai City for 2005 and 2015

- projection of population by district and settlement pattern, ger or apartment for
- 2005 and 2015 :

The result is summarized as follows and presented in Table3.1 and Table3.2.

Projected Population in Altai City
Year | - Ger | Apartment] = Total
1997 14,516 3,245 17,761
2005 | 15357 | 3433 | 18,790
2015 17,131 3,830 | 20,961

The total population in Altai City is projectéd by estimating the natural growth and
social change, migration of the population. First, population change by natural factor,
birth and death, are estimated until 2015. Secondly, the number of labor force to be
generated in Alai City is estimated. Those people becoming 16 years are all assumed
to enter into the labor marké_t in Altai City. Part of this age group that continues to
higher school is assumed to be cancelled out by those entering into the labor market
from the higher level schools. The number of jobs available in Altal City is estimated
based on the number of jobs in 1997 and annual growth rates of 3% per year until
2005 and 4% per year between 2005 and 2015. : .

The balance between the number of new labor foree and available ]obs results in out-
migration or in- m1grat1on of labor force from and into Altai City. As the summarized
result in Table 3.1 (1) shows, the labor force will keep flowing out of the city until
2009, but from 2010 labor force will start coming in from outside the city along with
economic growth of Altai City. The population change by social factor is estimated by
multiplying the dependency ratio by the labor force out-migrating or in-.rhig'rating'.
The total popu.lation in Altai City is, thus, estimated by adding the pdpulation change
by the social factor to the population based on natural change. A detail of the apphed
assump‘tlons are presented in the notes attached to Table 3.1 (2)

Table 3.2 shows a distribution of the total pbpulation into each distric_f _By setﬂement
pattern, ger or apartment. The population in 1997 in fcaéh district and by seft_lement

pattern was estimated by applying the distribution proportions of the households, for | _
which data were collected at the Altai City Mayor’s office. The distribution in 2005 -
and 2015 is made applying the same proportions as those in 1997. It is judged that

*???n

“-\15?
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there will be no significant investment on apartment construction at such a magnitude
as to change the distribution proportion between ger and apartment dwellings.

Population Served and Service Area in 2015

The whole population of 20,961 shall be served and whole area of ger and apartment
shall be covered by the water supply service in the year of 2015.

Ger Area

For ger area, enough pliblic tapé or water kiosks which will deliver domestic water by
pipe shal] be installed. The service level to the ger area will be greatly 1rnpr0ved and

- about 17, 131 dwellers w1ll be able to get more water timely.

Q)

G
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The service 'rétio for the watei' demand projection will be raised up to 100% starting
from the recent year Unit water demand for the ger dwellers is also considered to
increase up to 40 litter/c/d from the current 8.6 litter/ capita/ day in the year of 2015.
This value is recommended by Ministry of Health ' '

Apartment Area
The coverage for the apartment dwellers should be maintained at the current level of

100%. Whole apartment dwellers of 3,830 will have access to the tap water in the year
of 2015. Unit water demand is calculated to be 150 litter/capita/day in 2015.

Service Condition for Institution and Industry

Service condition for the institution and industry should be considered on the basis of
economic growth rate of 3 % in 1998 10 2005 and 4 % in 2006 to 2015 and industrial

 growth rate of 4 % in 1998 to 2005 and § % in 2006 to 2015 respectively.

Water Demand Forecast

" Based on the assumptions discussed in the previous paragraphs, the water demand

projection until the year of 2015 shail be made for each category of apartment, ger,
institution, and industry. The result is pfe_sented in the following table.

The current total water demand for Altai City is calculated by .adding the loss volume

- of pipeline to the sum of the pre'sen't water demands for the above four categories. The
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loss rate is estimated to be about 30% of daily consumption, which will be improved

step-wise with the completion of water supply facility constructions in the year of

2005 and 2015. The target is set at 25% in 2005 and 20% in 2015.

The yearly projected demand is calculated in the same manner as mentioned above.
The projected water demand for Altai City for the year of 2005 is 1,140 m*/day and
1,500 m*/day for the year of 2015. The result is summarized below to show the
general trend of water demand increase. |

Wat_er Demand Forecast

Category |Popula-| Served Unit Water Demand Remarks
tion | Raito | Demand . (m’/d)
_ . H(persons) (%)  {inmax(/c/d) | mean. | max.
Apartment | 3,245 100 150 487] 487
Ger 14,516| 62 (100)} 8.6 (5.2)]  4if = 78 .
1997 | Institution (31 - - 136 2729|0n the basis of 1998 data
- Industry 3) - - 9 14][ditto
1998 [ Loss " - - 58T 334 |As 30% of Towl
' _ Total 17,761 : 960 1,150]Actual measurement data
Apartment | 3,433 100 150 515 515) . . -
Ger 15,357 100 20] 163|307 |mean=max x (41778)=0.53Max
2005 | Institution (38) - - - 167 787 |Annual 3% In Growth Rate.
Industry (4) - - 12]  19|Annual 4% in Growth Rate.
Loss - 283 377 |As 25% of Total
- Total 18,790 _ 1,140 1,500
Apartment| 3,830 100 150  575] 575] . N _
Ger | 17,131 100 40 3637  685|mean=max x {41/78)=0.53Max
2015 | Institution (56) : TH4% 4177 |Annual 4% in Growth Rate.
Industry (7 20 31 [Annual 5% in Growth Rate.
Loss - — 204 437 (As 20% of Total.
Total 20,960 1,500] 2,140
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Design conditions for the establishment of water supply services are recommended as

follows.
Item 1997 2005 (FS) | 2015 (MP)

Population 17,760 18,790 20,960
Service ratio (%) : S

Apartment dwellers 100 100 - 100

Ger dwellers 60-100 100 100
Unit water demand (V/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 klosk :

within 250m radius / 1 kiosk

Growth rate of water demand (%/year) 1998 - 2005 | 2006 - 2015
Institution - 3 4
Industry : - 4 5

“Effective dlstrlbutlon ratio (%) _ 70 75 ~ 80

Dairy maximum water demand (m’/day) 1,150 1,500 2,140

Hourly maximum water demand - 65 133 - 205

(m’/hour) -

*
Figure 3.2

34.2 Water Resources Development

(1) Development Caj)acity for Water Resources

:  Distribution area will be d1v1ded into four Central Area, ger area G-1, G-2 and G 3 shown in

Future makimurﬁ water derhand.is'estimated to be 2 '140 r;13/day in the year of 2015.
: On the other hand, the existing production capacity in 1997 is 1,150 m’/day in
maxxmum Therefore 990 m*/day more shall be developed in the year of 2015.

Development Capacity in 201 5

(Unit : m*/day)

Item

Production capacity

Future production demand in maximum

A 7,140
B | Existing production capacity. in maximum - 1,150
- C 990

Future development capacity (=A-B)
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Existing water source of Kharzat has the sufficient capacity for an additional
development to cope with the future water demand in 2015, It is located near Altai
city with a distance of about 3.4 kilometers and its remaining groundwater potential
can be utilized efficiently under the groundwater preservation management.

Development Plan for Kharzat Water Source

The four production wells in Kharzat were planned to pump up 600-800 m*/day with a
drawdown of 4-6 meters. According to the collected data, specific capacity of Kharzat
aquifer ranges from 104 to 432 m’/day/m. Based on the relation of specific capacity to
transmissivity, it is estimated that the value of transmissivity ranges from 157 to 565
m*/day/m.

The optimum pumping yield for a well is examined with Theis non-equilibrium
equation as discussed in section 3.2.3.

When developing a water resource in an area, the following points should be kept in
mind. '

Avoid excessive drawdown of water in wells by regulating the pumping rate.

If the target discharge can not be achieved with the regulated pumping rate, the
number of wells should be increased. In that case, the arrangément of wells must be
appropriate in a way that they won’t cause interference with each other.

This means that the optimum developing condition for Kharzat aquifer can be
simulated by changing the number of wells, their discharge and distance to each other.
The table below shows the estimated drawdown in a well Jocated in the center of the
well field when it is surrounded by one to four wells respectively. The table also
shows the projected water demand in 2005 and 2015. The conditions for the
calculations are, '

@ the pumping duration is 3650 days

the wells with the inside diameter of 0.2m are located in a straight line and the
one in the center is focused on.

@
@ the wells are operated simultaneously with the same pumping rate.
@

the distance between the two wells are fixed at 100m.
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When the wells are operated, the drawdown should be kept around six meters (ideally
four meters) while satisfying the projected water demand.

At present there are four intake wells including one that is under repair. The table
indicates that the operation of three wells is sufficient for water demand in 200S.
Therefore, one well can be used as a spare one.

In 2015, if the pumping wells are operated attentively with a water level monitoring,

four wells will be adequate for the water demand.

But, these four well are

deteriorating. Consequently, these four existing wells shall be reconstructed before

2015 and it is recommended that a spare well will be constructed anew.

Year 1997-98 | 2005 2015 201 5max*!
Water demand (average) 960 1140 [ 1500 (m’/day) |2, 140 (m3/day)

Number of wells | -

2 [ Pumping rate a well (m/day) [ 48052 | 570%2 7502 107057
Drawdown (Pumping) -312m -411m -5.87m
Drawdown (Interference) 138 m -182m -2.60m

“Total drawdown in a well 5380m:] -4.50m -5.93m 847 m

3 | Pumping rate a well (me/day) | 3803 - 500x3 714x3
Drawdown (Pumping) 2208 m 274 m -3.91m
Drawdown (Interference) -092:621:1 -1.21x2m 1.73x2m

Total drawdown in a well =3.92m | -5.16m -7.37m

4 1 Pumping rate a well (m’/day) e 13I5x4 e 535x4
Drawdown (Pumping) a0 2.06m -2.93m
Drawdown (Interference) “0.91x2+0.79)m |-(1.30x2+1.03)m
Total drawdown in a well o467 m -6.56m

5 | Pumping rate a well (m’/day) ~300%5 428x5

Drawdown (Pumping) -1.64 m -2.35m
Drawdown (Interference) -(0.73°0.60)x2m |-(1.04+0 91 )x2m
[Total drawdown in a well -438m -6.25m

Well location; every 100 m on a straight line

*1 : as a reference
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3.43 Development Plan of Water Supply Facilities

(1) Development Alternative

There are some ways to develop the water supply.fatcilitie's to cope with the water

demand in 2015. The following table shows three comparative distribution methods to -

be selected as a suitable development plan for the Feasibility' Study.

Development Alternative

Case

Summary of the system

Dlstnbutlon facdltles

Dual pumping system to
divide the service area into
low and high ground level
areas (Figure 3.2)

Pump 1.3m*/min x 35m x 18kw x 3 unites

~ 0.9m*/min x 55m x 18kw x 2 unites
Pipe: dia. 150mm~200mm X 9 3 Km
Others

Direct pumping system to
overall service area.
(Figure 3.3)

Pump: 1.8m*/min x 55m x 30kw x 3 unites
Pipe: dia. 150 ~ 200 x 9 4 Km
Others

Gravity distribution system
to low ground level area
with distribution to high
ground level ger area by
pump (Figure 34)

Pump: 1.5m*/min x 65m x 30kw x 2 unites
Reservoir: 500m® x 2 ponds

Pipe: dia. ISOmm 250mm x 11 OKm
Others

The sultable development plan shall be selected from the v1ewp01nts of technical
aspect, environmental impact, economic aspect, and financial aspect. '

~ As the result of the following examination, Case 3 sha_lI be given priority as the

development alternative for the development of wa'ter_suppiy' facilities.

Examination of Each Case

Technical | Environ- | Construct O/M | Financial | Priority

Case : mental | -ioncost { ~ cost R :
1 Medium Small - Low Medium | Medium 2
2 Difficult | Small Low High | Medium 3
3 Easy Small Low Low Low 1

)

Optimum Development Plan

The developrnent of water supply facilities shall prdceed in the following order.

@ Reconstruction of 4 existing productit)n wells
@ Replacement of 4 submersible pumps with control system :
@ 2 sets of water level meter shall be installed at the TEServoir to control the
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withdrawing volume from intake wells.
Procurement of 3 water wagons for supplying water to the ger area

Procurement of water cart for ger dwellers to transport water from kiosk to their
home

Installation of distribution pipe for supplying water to ger area of G-1, G-2 and
G-3

Construction of kiosks in at gel area of G-1 to G3

Construction of one new well in the south east part of Kharzat

Installation of transmission pipe from the new well to existing reservoirs
Construction of new reservoirs

©0e®d @ a®

Installation of new pump statlon to transmit the domestic water to new reservoir
for water distribution to gel area of G-1

Required Facilities for the Development of Water Supply in 2015

Measures Facilities

Improvement of 1, reconstruction of 4 wells
existing facilities | 2, replacement of submersible motor pump with control system :
: ' 0.42m*/min x 60m x 4 unites

Construction of 1, water level indicator system for reservoir : 2sets

new facilities 2, procurement of water wagon : 3 cars

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

4, distribution pipe for ger area G-1, G-2, G-3: dia.150mm ~
250mm x 11.0 km lines -

5, construction of water kiosk : G—l 6 places, G- 2 3 places G-3;
5 places

6, construction of one productlon well

7, installation of transmission pipe : dia.200mm x 3.5km x 2lines

8, construction of new reservoir : 500m’ x 2 ponds

9, installation of new pump station: 1.5m*min x 65m x 2units

Intake Facnhtles

The existing intake wells, submer51ble motor pumps and collection pipes have the
~ sufficient capacity for the present water demand. But, two of the four production wells
constructed in 1979 have déteriorat_ed and they shall be reconstructed as soon as
rpossible. Another two wells were constructed in 1986 and 1995. These wells may
- become deteriorated by 201 5, and they should also be recbhstructed in 2015.

Submersible motor pumps may beébm_e also deteriorated by 2015 and they shall be
replaced with new pumps. '

The control s_ystein of pump is also necessary to automatically manage the
withdrawing volume of groundwater in the night or in the case of low consumption of
water. This system should be a simple one to avoid mechanical trouble.
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One production well shall be constructed in the southeast part of Kharzat water source
to cope with the water demand in 2015.

Transmission Facilities

Raw water transmission pipe (made of steel) from the production well to the reservoir
shall be also replaced with a new steel pipe because of the deterioration and the lack of
transmission capacity for future water demand. '

- The transmission pipe shall be also installed from the production wells to the existing
TESErvoirs. |

Distributidn Facilities

Proposed water distribution network is shown in Figure 3.4. Two sets of water level
meter shall be installed at the reservoirs to control the withdrawing volume from the
intake wells. They should be connected to the intake wells with transmiésion cable to
communicate the information of water levél. |

There are four water wagons which tr.ansport water to ger area at pfesent, but the

number is not enough for 2005. Distribution p_ipe shall be installed along with water
kiosks for gel area -1, G-2 and (-3 which can be supplied with water from the
" existing pump station and three water wagons. These wagons are procured to
strengthen water transportation’ cépacity of the éxisting wagoris to gel area G-1 where
the will be no pipeline in 2005. All gér afea will be covered by water kiosks in 2015.

Water cart shall be procured for ger dwellers to transport water from the delivery
pomts of water wagon or kiosk to their houses

Distribution pipes for all ger area of G-1 to G—j are neceséary to be installed in 2015.

New reservoir shall be constructed at the southwest of G-1 gef area so that water can
be supplied to the lower part of Altai Clty by gravny It will help decrease the
distribution energy. ' : o o '

A new pump station shall be installed to transmit the domestic water to new reservoir
for water distribution to gel area of G-1.
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OPERATION AND MAINTENANCE PLAN

In order to make a future plan for the operation and maintenance of water supply
system, Altai Public Service Department (APSD) shall comply with the basic concept
of water supply development.

The self operation system should be applied to APSD that will make APSD
independent both financially and legally. It is also important to make people aware
that the user of the water supply system should pay water tariff in proportion to the
amount of benefit they get.

Institutional Strengthening

Introduction of Appropriate Water Tariff

It has been made clear by JNCA Study Team that the .people of the service area can '
afford a rise in the water tariff, if sufficient and safe water is supplied. Cbnéequently,
water tariff shall be determined on the basis of financial aspect of water supply
operation and management. '

Establishment of Meter System

If water meters are to be installed to every consumer and if meter system is to succeed,

it will be necessary institutionally to obligate every user to mamtam the proper
functlomng of the meter. On the side of APSD, it will be necessary to conduct the
inspection of meters and collection of water tariff.

Reduction of Leakage

The causes of leakage should be 1dent1ﬁed and proper measures should be taken
toward the alleviation of leakage People shall have the awareness of saving water to

" reduce leakage from taps and valve of toilet. In addition to these, APSD shall improve

the superannuated distribution pipes to reduce leakagé from the pipelines.

Introduction of Strict Financial Management

All the above mentioned items have one common objective of improifing the financial

status of APSD toward self-financing. The revenue of APSD has been higher than its
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expenditure. However APSD still depends on central government in the case of
expansion and reconstruction of facilities. This investment cost should be paid by
APSD in order to achieve the self-operation, '

For strict financial management of APSD, the three steps cycle of “plan, do, see”
should be introduced.

~ Plan

Before the start of particular financial year, the annual financial plan should be
prepared and formulation of the expenditure and revenue should be done. Such a
budget will be ultimately distributed over 12 months.

| Do _
" APSD’s actwmes such as the 1rnplementat10n of investment project, the production

and distribution of water, and the collectmn of water tarlff should be done based on the
carefuily drawn up budget

See :
APSD’s actual activities should be recorded monthly to be compared with the budget

ones. Finally the annual comparlson of accomplishments and budget should be done
and the difference between them should be analyzed. '

Organization

Increase of staff related to water tariff collectidn should be necessary if meter system
starts. Also the staff in administrative section should be increased to procure and to
control various equipment. ' _

If the pipeline network expands to the ger area, wastewater generatlon from ger area
also will increase. In this case enforcement of sewerage section may be necessary.

Legal Strengthening

The following legal -issues should be considered in. order to acc_ompl'ish the self

operation,.

Establishment of standard for industrial products

If meter system is introduced, many Spare parts such as taps, valves, pipes, water

£
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meters will be in need. However the market of Altai City is so small that APSD will
not be able to procure the spare parts with reasonable price and quality. If the
nationwide standard of spare parts is established, it may attract manufacturers which
provide spare parts to many water supply agencies across the nation.

Independence from Altai Municipality

The nationwide law under which a local government can approve the independence of
water supply agency may be necessary.

Training System

Ope_rét_ion:and Maintenance (C/M) manuals for mechanical and electrical equipment
should be prepared. Training of employee for O/M will also be required.

Hygiene Ednca_tioh Plan

Meqsure to contammatlon of dnnklng water

* Other than technical 1mprovement of water quality test, it is 1mportant to make the
- resident of ger area know that the responmb:hty of water quality lies on the residents

once the water has been delivered to the ger area. Itis recommended for Social Health
Center to conduct often a mlcroblologlcal test on stock water in ger so that they can

: momtor the hygienic situation in ger area. It should be noted that the water analysis is
o monltor the condition of drmkmg water not to measure true risk of the people.
Therefore, it is encouraged to promote the understanding on the role of water analysis

a swell as exchanging information between APSD and Social Health Center.

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

- following approaches are recommended.

'Incre_ase of Awareness on Hygiene Practice and Water Cdnsumption

- Target g'rdl.ip:' : - All the residents m Altai City

Media: " Local radio and TV -

Expeéted outcome:  All the re&dents of Altal City apply the knowledge of hygienic
o :practlce to their daily life.

Implementatlon body Gobi-Altai Social Health Center / Governors’ ofﬁce

Media and t_:omnriﬂnicaﬁon are undertaken by the Governors’ office. TV station with
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10 staffers provides its local broadcasting service for three hours every Monday
evening and radio broadcasting for 30 minutes every Monday morning, The number .
of TV sets and radio sets are quite large with a prevalence ratio of 1 to 25 for TV and 1
to 24 for radio respectively. Meanwhile, the Social Health Center holds education
methodology specialist in its institution. If all resources above are utilized for
common purpose, they will bring substantial impact. It is more preferable to conduct a
series of broadcasting program on hygiene practide including sanitation and waste
management. '

Proper Management 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. '

Recently health volunteers were appointed.as promoter of cominunity hgalth along
with the National Community Health Program. They are also expected to identify the
problems to be addressed for hygiene and sanitation in their living community. With

the technical support from the health promotion section of Soéia_l_Hea]th__‘Center, the
- group takes a role of health promoters in front line. In the hygiene education program
within the Study, they were involved in the production process of educational material

and trainer’s training. - The Social Health Center also experienced program
implementation and was capable of handling the program. -

.Water and Health |

Target group: . School children

Media: -~ School class _ S :
Expected outcome: ~ The basic knowledge on hygiene will be 'put into practice in

their life. _

Primary and middle schools are not included for bases for health education including
hygiene practice. In fact, national health education program is beingf prepared for
schools with the joint coopération of Ministry of Education and Ministry of Healthand
Social Service. However, a textbook for_h_é_a_tlth education is not a\?a_ilable' yet and .

those textbooks / posters are usually prepared by the national health education center
of Ministry of Health. The hygiene education compohent within .t'he' smdy prq#’ided
the chance of developing educational materials at local setting through encouraging

participation process. The process and program planning can be applied to not only
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future program but also other relevant programs.
MONITORING PLAN
Groundwater

Groundwater shall be utilized sustainably for the public and the economic activity

" because of its advantage such as the availability of its source near the consumer, good

water quality, and easiness of intake comparing with surface water. The overall
restriction of groundwater utilization is not appropriate without any scientific
investigation.

- According to the existing data, 'groundWater qﬁantity may be sufficient for the future
“water demand in Altai city. But, groundwater especially shallow groundwater is easy

to be polluted. For the time being, it shall be focused on the' preservatlon for water
quality.

The following steps shall be taken to establish the program for groundwater
management and groundwater preservation.

Institutional Strengthening

One of the problems is that no organization has the responsibility of synthesizing the
existing data. A scientific organization for research and development shall be
established to synthesize and analyze the ex1stmg dlspersed data from the geological
and hydrogeologlcal points of view. “Department of Strategy plannmg, Unified policy
in Ministry of Agriculture and Industry ” may be the m(_)st suitable for it.

Investigation -

1t shall be clarified the present condition of groundwater basin structure, aquifer

structure, recharge volume, groundwater quality, and groundwater utilization as
follows.

- - The volume of groundwater basin. This means the storage capacity of groundwater.

- - The - essential element of hydrogeological - parameters of  permeability,

transmissivity, storativity, specific storage, specific yield, and so on.

. - The external element of precipitation, river discharge, a.nd so on. Those are utilized

to estimate the recharge volume to groundwater
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- Groundwater quality. This is important to estimate an avallable volume of
groundwater and the cost of purification for groundwater.

Making Inventory and Database

All existing data shall be investigated and an inventory and a database should be

established. Inventory of production well and monitoring observauon ‘well has to
describe location in coordinate system, screen position, the result of pumping test

(pumpmg rate, permeabihty, spemﬁc capacity) and water quality, geological condition
and the constructed year.

Preliminary Examination

JICA Study. Team made an examination of the ground.wéter potential and established
the development plan on the basis of groundwater potential, national development plan,
and regional development plan.

The following items shall be continued in order to establish the groundwater
management. N

Monitoring

Mo.nitor_ing shall be continued at the existing station and some of the test wells of
JICA as follows. ' '

Exisﬁng meteorological station 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 inve'stigét.ed...

Groundwater tab_lg

The actual storage volume of unconfined groundwater is represented by the
. grbundwater table that can be used for the estimation of stored or remaining volume of

groundwater and to judge the safe pumping yield. If the groUndWater table has a
tendency to lower, its cause shall be clanﬁed There are many causes 'such as the
seasonal fluctuation or long-term ﬂuctuatlon reduction of prempltatlon and river
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discharge (decrease of recharge volume), excess utilization of groundwater, and
deterioration of pumping equipment.

Hydrological and meteorological data

Hydrological and meteorological factors affect the fluctuation of recharge volume.
Groundwater balance shall be considered on the balance of utilizing volume of

groundwater and recharging volume from precipitation, and surface water. The

fluctuation of groundwater table shall be considered in connection with hydrological

and meteorological data.

Groundwater quality

The change of groundwater quality is important to estimate the available volume of

' groundwater and to find the source or site of pollution.

Regarding shallow groundwater, measures shall be taken to prevent a polluted water
inflow from the surface to aquifer.

Groundwater utilization

~ Groundwater utilization pattern was not clear in the study area. It is one of the

important elements to assess the groundwater balance and Temaining volume for the
development.

Establishment of the Groundwater Management and Preservation Plan
- The water balance shall be simulated from the monitoring data of at least five (5)
years. '

- The groundwater potential and recharge volume shall be projected.

- The groundwater utilization plan shall be established on the basis of estimated
hydrogeological condition, national development plan and reglonal development
plan.

Opening Information

All database and informatibn shall be opened to the public and other user to improve
the awareness for savmg water, preservatlon of the environment, and sustainable

: development in order to set across the idea that groundwater is limited natural

resources.

-Consequently, groundwater shall be managed and preserved by not only the

government but also the public and user. Otherwise, it cannot be controlled the
irregular development of groundwater and pollutton
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3.6.2 Water Supply Facilities

The monitoring of water supply facilities is required for the appropriate operation and
maintenance as follows: | B

- water quality of 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 pressure at the end of pipelines.
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The total investment cost for the proposed development plan is estimated at US dollars

3,031,060 which includes the construction cost, land acquisition cost, engineering cost,

and physical contingency as shown below.

Investment Cost

Unit : US Dollar
year
Work Item Nos Amount
: 2000-2005 2006-2015
. L916,876 630,108 1,286,768
A Direct Construction Cost
1,274,733 642,143 182,466 E 247642 £92,267 ! 394,501
(1) Intake facility
Reconstraction of existing well IWells ILITTR 97508 55,770
- Red 0N O €4 Ll ; N
° " [ ELENC LA R v 8 M V22 L N e TR T
TOVENTs BT - I
+ Mew preduction wetl . : - :
4 . 2 L 8L ST T
(2) Transmission !‘aczFli:y ]
I5¥m | ITVS00 U TET300
«New pige-tine (200 % 2line :
pipe-tine [ ) — TSR TS50 i T
(3) Distribution Facility .
- veater level indicaior
- PRI [ X3 (X34 A
o TUESEE TN 53367 L (] i [1
3
ey Catd TEoi ATHOY EYR0] ]
mit Lable
@ Trens . 40,655 Lm TIA J0.859 7136 ﬂi )
W 3 Cas 31 52,800 U
« YWare . —
ragen : B LI I TR o' )
i
Waser san TIVE BES STI5% PN R 13
. T
[1 T LTI ] L',u 7R k5 07 (1}
!
Water Kotk T3 Tae 71,3'91 3T, ALY -
- T - -
v T A ¥ Y060 (4 04
R R 7 Pands T8, T 78,130 .
wReseTer 0 TR0 o (i o TENT
JPipeling {(150~250) 11Km ]
TEERA] 92700 LY 154160
@G Asea - _ i
T30 [REES PR3] i TZEE 101608 il B3]
P [4B) 0} 57500 E1R T3 5525
., rea U R
@ e N TR Ly a1
o A . TRim) TE4, 500 D] I B TIITO
z]
G_} ] LK R -1 55,674 I WwNE SSETE ERATLY
PR, AR T6,570 (1} TE5.5TC
tral Arsa .
@ Cenal Are TS ]380 Ty v [ET180° 65960
i H
Pramp Staion (Ineluding Fu TSt 5,197 [ 705,157
. taf! 1) .
p Startoi (Including Pume) - 37714 : 144 [1] ; . 1) ST 748583
i
Chiosinat i Tt 33150 T 53150
. ah! t . - —
erInaang squtpment ssase D ' v RIS W
i H i
Warer Fevel imdats T ] TUIE 0L T 35,707
Y aeriovel Indieater C I TARY (] U FIANT T dNE
. : i 1
B. Land Acquisition Cost . - 0 X of - 0
—— e
C. Construction Cost (A X 1.25) 7.396,095 187,615 1,608,460
0. Design & Supervision (C X0.1) . 239610 78,764 160,846
.Dg‘aﬂgdrl.ksip {Cx005) - - 119,805 39.382 §0.423
.Sugervisiun.{CxCLOS)' ) 112,805 39332 80.423
E. Physical Contingency ({C+D) X 0.15)} - 395356 125,960 163,356
‘otal (C+D4E) - - 3031061 96359 2.035302

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

2) 0)
1] 6

6] Total @ Foreign Portion @ Local Portion
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IMPLEMENTATION PROGRAM

The existing water supply facilities of production wells, raw water transmission pipe,
and distribution pump have sufficient capacity to cope with the water demand in 2005.
However, some of them are deteriorated and there is not enough number of water
wagon. Therefore, water will by in short supply by 2005.

The present water supply facilities don’t have sufficient capac1ty to cope with the
water demand in 2015.

In consideration of the above fact, this project was de'signed to improve the existing
water supply facilities at first and expand the water resources and the water supply
facilities after that. Consequently, the improi/ement and expansion of water resources
and water supply facilities shall proceed step by step on the basis of implementation
schedule shown in the following figure.

Implementation Schedule

Work em " Nos _ Year (2000-2015)
. 2000| 2001 | 2002 | 2003 | 2004 | 2005 | 2008 | 2007 | 2008 | 2008 | 2010 2011 | 2092} 2013} 2004 [ 2015
(1) Intake facility .
(ln:;udmg sm";:f;;':t ;njr:)e” | AVells ' ™™
“MNew construction c‘sfprmiuctmn well 1Wells o -
{Including submersible purmp)}
{2) Transmission facility
*New pipe~fine (D200 x 2line} - 3.5Kms : : [F——
(3} Distribution facility
“Water level indicator 2 Sets vt
“Water wagon 3 Cars e
*Water cart 2,792 Sets [
*Water kiosk 14 Units [ ——
DG-1 area 8 - ¥ ‘:ln -‘;ll
@G-2 area (3) ) kf’.
- @G-3area (5) N u \:)l
*Reservoir 2 Ponds : [m—
Pipe-tine {$150~250) 11Kms
{T6-1 area (D 150~200) {38 ) ’ (D;? L I( an .
@G-2 arez (P 150) a3 | | mad - TIRAER
@G-3 area (P150) ' @an : Bo - L (271)
@Gentral area ($150~250) (3.4) - S
+Pump Station {Including Pump) ) 15t ’ *
*Chiorination equupment ) § Unit . ) H
“Water level indicator . i .Set uE H

n u w Oréakdown
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IMPROVEMENT PLAN FOR SANITATION

For the central area it is required to improve the existing sewer and waste water
treatment capacity to cope with the increase of water after water supply facilities are
expanded in 2005 and 2015.

On the other hand, much more waste water from ger dwellers will be discharged to the
ground after the improvement of water supply system to ger arca. There is not any
facilities to collect and treat the waste water, in ger area. Consequently, it is also
required to install personal or commuhity treatment facilities to prevent contamination
of soil, groundwater, and the environmental in ger area until the establishment of
collection sewer system in the area.

The fblloWing sanitary zones should be established to protect the sources of drinking
water: |

" 1-(100 m) strictly prohibited zone.
* prohibit the setting up of any sources of possible pollution in the I-zone
11 - (300 m) zone under protection. '
I1I - (1,000 m) monitoring zone.

Baéteriological 'an_d chemical analyses should be carried out in these zones.
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3.10 EVALUATION FOR THE MASTER PLAN

3.10.1 Economic Analysis

(1) Objective

An economic analysis was carried out to confirm the contribution of the master plan

~ from the viewpoint of a national economy. Econofnic feasibility is confirmed by a
cost —benefit analysis, denvmg economic internal rate of return (EIRR) benefit-cost
ratio (B/C) and net present value (NPV)

(2) Conditions and Assumptions

The economic evaluation for this pI’O_]CCt was carned out based on the following
assumptions. '

a. Costs and benefits are estimated on the basis of the data as of November 1998.
~ The costs and benefits are expressed in constant teﬁns, taking no account of
inflation. | _ R | o |
b. A period of the economic analysis is determined based on an assumed life of the
pipelines at 25 years. o | | @
c. The costs include investment cost, operation and maintenanée cost and
replacement cost. The ¢stimated costs are used with no adjustment, since a
standard conversion factor was derived at close to 1.0. The estimated costs are as’

follows.
Category Cost (thousand U S. dollar) Remarks
Investment cost 3,031 in total
Operation and maintenance cost 82 | per. year in 2015 and
. _ thereafter
Replacement cost 1,593 - in total
d. Table 3.3 shows the assurhptions of the benefit estimate. Economic benefit by 1

domestic water supply is estimated by the concept of willingness-to-pay for water,
based on the prevailing water charges and the surveyed' wiliingnéss—to-pay of the
consumers. Domestic water demand is divided into the minimum reQuii'ement
portion and the portion of the water asa commercial com:riodity. The minimum
réquirement portion is the amount of water needed for people to maintain
minimum level of life. The éomt_ﬁercial commodity pbrtion cotresponds'tb the
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amount of water beyond the minimum requirement. The water use in this
category can be adjusted depending on price, income and other factors in the same
way as ordinary commercial commodities. The following are the used values and
the estimated economic benefit.

Economic Benefit by Domestic Water Supply

Item _ Unit Minimum | Commercial
: . requirement | commodity
Value of water Tg/m’ 1,875 67
$/m* 2.11 0.08
Net water use in 2015
Apartment - |Verd 20 130
Ger _ ' Ve/d 20 1.2
Population in 2015 .
Apartment - |MNo. - 3,830
Ger ' - INe. : 17,131
Economic benefit in 2015 and|10? $fyear | - 322 15
thereafter :

The values of water for the minimum requirement portlon was estimated based on the

o prevallmg water charge at Tg 1,250 per m’ apphed to ger water supply and on an

additional 50% as the Wﬁhngness-to-pay of water users. The 50% addition was

determmed based on the result of the Social Survey conducted in June 1997. The
' value of water for the commercial commeodity portion was estimated based on the
water charge for apartment dwellers, judging that apartment water use has a high
* commercial commodity element. The present per capita monthly water charge at Tg
250 for apartment residents was converted to per amount charge éssuming a water
consurnption at 150 l/e/d. An additional willingness-to-pay beyond the 'presen.t charge
level is estimated to be 20%.

Future Economic benefit of mdustrlal and institutional water supply is estimated by
extrapolation using the followmc values.
P . Present revenue in water sale _
W ‘Additional wﬂlmgness to pay for water of mdustmes and institutions
G : Ann_ual Growth rate (%)
Y : Period (number of years) '

Fconomic benefit = ( P + w x( 1+G/100)Y

WIth the annual growth rate of 3 5% and 4, 5% until 2005 and 2015 respectlvely The
followmg economic benefits are derived. ‘
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2005: $ 112 thousand per year
2015 and thereafter:  § 174 thousand per year

(3) Result

T.he following table presents the derived EIRRs, B/C ratios and NPVs of the master &
plan. ' ' '

Result of Economic Evaluation of Mater Plan
Case EIRR B/C NPV
(%) ($10%)
Standard 14.5 123 591
Cost 10% up _ 12.4 1.12 .7 339
Benefit 10% down - 122 111 | 280

Cost 10% up plus benefit 10% 10.3 1.01 29
Down

The EIRR for the standard case was derived at 14.5% indicating high economic return
of the master plan, conpared with an opportumty cost of capital or cut-off EIRR at
10%. Even in the worst case of cost 10% up plus benefit 10% down, an EIRR is ) &
beyond 10% cut-off rate. Table 3.4 shows th_e costs and benefits of the master plan.

- 3.10.2 Financial Analysis

(1) Objective

The objectives of a financial analysis are :

- to derive appropnate water charges from the viewpoints of cost recovery and
affordability, and '

- to assess financial viability of the Mater Plan by dermng a ﬁnancxal internal rate
‘of return (FIRR) based on the derived water charges _

(2) Conditions and Assumptions

Cost Recovery Aspect

a. The water charges are derived i m constant term, taking account of no mﬂatmn
The actual cha_rges to be levied should be adjusted along with inflation rates.
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Water charges for cost recovery are estimated for three cases : recovery of
operation and maintenance cost (OM cost), recovery of OM cost plus local
currency portion of the investment and replacement costs and finally recovery of
OM cost plus the total investment and replacement costs including both locat and
foreign currency portions. _

Water charges are derived separately for the ger area where the water is delivered
by water wagons and the central area where a pipe water supply service is
provided to apartment dwellers, industries and institutions. The proposed master
plan aims at the water supply by kiosks connected with pipes in the ger area,
whereas the central area Wil_l continue receiving water through the pipes. The
investment cost and replacem'ent cost per cubic meter of water, thus, would be
different in the two areas and this difference should be reflected in water charge.
The costs of the facilities used cornmonly for the ger and central areas are
allocated by water demand. The allocated 1nvestment costs are as follows.

Allocation Proportions and Allocated Investment Cost
' in Ger and Apartment Areas

Item - Unit - 2015
- S : ' Ger - | Central Area
Allocation proportions % 30 70
of common facilities ' .
Investment cost (LC) | $ thousand 641 375
Total Investment cost  |$ thousand| ~ 1,554 1,477

Water charges are denved by dividing the annual cost by annual amount of water
used. The mvestment cost and replacement cost are annualized by applying a 25
year permd and a discount rate of 3% assumed as the cost for procuring fund.

The feplacement costs appear 10 to 40 years after the installation, depending on
- the type of facility. To take into account the time value, the replacement costs are
discounted to the year 2000 applymg a discount rate at 3%. Allocatlon of the
replacement cost for common facilities is made in proportion to the investment
costs for the ger area and the central area. The total replacement cost discounted
~to 2000 is estimated to be $ 222 thousand for the ger area and $ 861 thousand for
- the central area. - S _ : |

- The operation and mamtenance cost (OM cost) estlmated 1s ailocated to the ger
 area and the central area by the proportlon of the investment cost. The allocated
OM costs are estimated to be $38 thousand per year for the ger area and 318
thousand per year for the central area in the year 2015 and thereafter

The water charges for cost recovery is presented in Table 3.5 and summarized
below. '
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Water Charges for Cost Recovery

2015
Item Ger Central
Area
(in $/m”)
OM cost recovery 0,32 0.13
OM cost plus investment cost (LC) 0.66 0.22
Recovery
OM cost plus total investment cost 1.18 0.48
Recovery '
(in Tg/m®) _ .
OM cost recovery 283 1i6
OM cost plus investment cost (L. C) 586 192
Recovery ' _
OM cost plus total investment cost 1,058 431
Recovery : :

* LC : local currency

B1g differences are observed between the water charges for the ger area and the central

area. This would be the reflection of the following factors

- Lower water consumption rate estimated for the ger area

- High pr()p()rtlon of sunk cost for the central area

- A large service area for the ger area leading to lower eﬂ'lc1ency in investment

Affordability Aspect

a.

C.

The water éharges estimated for cost ifecovery are checked from the viewpoint of
affordability for water consumers. Table 3.6 shows the result of the affordab.i'lity
analy'sis. The proportion of expenditure on water is compared with the income of
water users. It is assumed that the expehditurebn water within 5% of income is
the maximum affordable level for water users. The midpoint per capita income of
the populatidn of less than Tg 10,000 per month per person, that is Tg 5,000 or
$ 5.6 per month per person, is used as the criterion. The proportion of this lowest
income group is 80% of the ger populatlon and 40% of the apartrnent populatxon
in 1998.

The per capita income level is assumed to grow with ecohomic growth and
population growth at the rates set in the Soc1o-Econom1c Framework. The
estimated growth rates of per capita income are 2.3 % per year until 2005 and

- 2.9% per year between 2005 and 2015.  The mld-pomt per capita income is
“estimated to grow as follows '

1998 - § S.6/m0nth
2005 ; $ 6.6/month
2015 : $ 8. Slmonth

Expenditure on water is estimated based on the water charges for the three cases '

3-32

“‘xj:imé-
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of cost recovery. The amounts of water use are 21.2 l/e/d for the ger residents and
150 VVe/d for the apartment residents in 2015,

d. To calculate the expenditures on water under the three cases of cost recovery
water charges were compared with the projected income in 2015. The following
proportions were derived.

Proportions of Expenditure on Water to Income for three proposed cases

. {(Unit : %)
_ Area 1998 2015

{Case 1 : OM cost recovery)

Ger _ 35 2.3

Apartment 5.0 6.7
{Case 2 ; OM/Investment {(LC) recovery)

Ger ' : 3.5 4.8

Apartment 5.0 11.1
(Case 3 : OM/Total investment recovery) :

Ger 35 8.6

Apariment 5.0 251

- ®¥LC " Tocal currency

(3) Proposed Water Charges

" In the case of OM cost recovery water charges (Case 1), affordability problem occurs
for the apartment residents with the propo'r_tibn at 6.7%. The expenditure on water
becomes 5.0 % of the income for the apartment dwellers in 2015 if the water charge is
reduced to Tg 86 per m*. For the Case 2, the problem in affordability appears for the
apartment residents. In Case 3, the cost recovery water charges are too high both for
ger and apartment residents. Considering these, ‘the water charges for OM cost
recovery were proposed.to be applied with the adjustment mentioned above. The
following are the proposed water charges as of 2015 based on these considerations.

' Pro;ﬁosed Water Charges for Domestic Water

(Unit : Tg/m3)
Existing 2015
Ger _ 1,250 1 283
~ |Apartment 56- - 86

The water ché.rge for iridustri_es and institutions is proposled to remain at the present -
~ level at Tg 900 per m’ in constant term. The fact that the organizations have been
- paying the existing water charge indicates that they are able to afford it.

The water cha'rges' proposed here are indicative ones. At the stage of actual adoption
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of the proposed water charges, the water charges to be levied should be determined in
due consideration of the following factors.

1) Installation of water meters for apartment residents to realize charging by water
use amount

2) Cost
_~ Inflation
- Indirect cost for APSD

3) Demand/income
- Actual water consumption rate in relation to water charge
- Actual household income and affordability limit

" 4) Step-wise water tariff

@

- Consideration for the poorest segment of the population |
- Introduction of a penalizing step tariff system, by which a hxgher charge is
levied beyond certain amount of water use

5) Review of cross-subsidy by industrial and institutional water consumers for
reducing water tariff disparity between ger and apartment water users

Financial Internal Rate .o_f Return

The ﬁﬁancial internal rate of return (FIRR) of the master plan was estimated under the

3.10.3

proposed water charges as shown in Table 3.7. The FIRR for the master plan is
negative. It would be necessary for the government to subsidize the investment cost
and replacement cost for implementing the master plan.

Social Evaluation

“Proposed project on water supply system mamly focused on the 1mprovement of water

supply in the ger area by increasing chances of water availability. Although the
residents of ger area cited yard connection as a preferable ch01_ce, it is not techmcally
feasible. As mentioned in social analysis, no negative impact on the proposed project
is recogmzed in terms of rehglon and social custom, acqmsmon of land for the project,
and water seller ete. '

ey
5

g
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3.10.4 Analysis for the Beneficiaries

While the higher income group of non-piped households approved 161% of increase,
the lower income group of non-piped households approved 80% of increase from the
current tariff level. As indicated in the result of the household survey, the lower
income group of non-piped household consume less volume of water per day per
person than the higher income group. Since the water used by the higher income
group s still insufficient, it is recommended that exemption system of water charge for
lower income group - unemployed and single female headed households should be
revised periodically in correspending to local poverty assessment.

 The proposed program for water supply system, which plans the installation of kiosk
type water delivery points in the ger area, will facilitate the availability of water in
terms of time. This also will lead to the increasing in the water con_sumpﬁon for non-
piped households. Thé frequent supply of water will reduce the habit of stocking
water and bring about less opportunity of __contamihation. '

However, 20% of non-piped households will not gain the very benefit of kiosk type of
water supply since a fixed single kiosk is designed to cover radius of 250m. It is
recommended that the water supply department promote a water cart into wide use.

3.10.5 Initial Environmental Examination (IEE)
(l) General

- In Mongolia, IEE is regarded as the General Environinentai Screening Process. For
this project, it was carried out on May 22, 1998 by State Senior Inspector, Policy and
Coordination Department of the Ministry of Nature and the Environment.

The conclusion of the General Environmental Screening Process is as follows.

~ “Basing upon the General Environmental Screening Process carried out in conformity
- with the 'Mongol'ian Law on Environmental Impact Assessment approved by the
Parliament of Mongolia, dated January 22, 1998, for the Groundwater Development of
Altai City in Gobi-Altai, it is necessary to carry out a Detailed Environmental
Assessment”,
As é_resu]t of this screening, “Scopé of Actions” was drawn up. It is briefed in the
following paragraphs.
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(2) Scope of Actions

3.11 '

The main points of Scope of Actions are as follows.

)

b}

The following items should be carried out to study and to be concluded by a
specialized organization.

- Water

- Soil

- Floraand Fauna

- Historical and Cultural Monuments
To work out an environmental plan of action and envxronmental monitoring
program. '
To submit to the Mlmstry for Nature and Enwronment the detailed environmental
impact assessment statement carried out in conforrmty with the Law on
Environmental Impact Assessment.

SELECTION OF THE PRIORITY PROJECT

" Considering the above mentioned criteria such as gtoundwater potential, water demand,

and economy, the priority project of the water supply development recommends
improvement of the existing water supply facxlmes of productlon wells, transmission

 pipes, distribution pump. It is also recommended to procure water wagon and water
cart and to construct the main distribution pipe and kiosk for some ger area. These

shall be examined in an implementation design in the feasibility study.
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Table 3.2 Projected Population of Altai City by District and Dwelling Pattern

Household Population .
ftem Number (%) 1997 2005 2015
District i
Ger 680 21.6 3,709 3,924 4,377
" Apartment 204 6.5 1,357 1,435 1,601
District 11 . _
Ger . 631 26.0 3,442 3,642 4,063
Apattment 0 0.0 0 0 0
District 111
Ger 309 25.7 4,413 4,669 5,208
Apartment 0 0.0 0 0 0
District IV
Ger 541 172 2,951 3,122 3,483
Apartment 284 9.0 1,888 1,998 2,229
Total .
Ger 2,661 84.5 114,516 15,357 17,131
Apartment 488 15.5 3,245 3,433 3,830
Total 3,145 100.0 17,761 18,790 . 20,960

(1) Population in 1997 by district and dwelling pattern is estimated based on the total population in 1997 and

distribution proportions of households in 1997,
(2) Population in ger area includes those living in private houses built in ger areas.
(3) It is assumed that distribution of population among districts and area remains constant in the future.
(4) Figuires may no add up to total due to rounding.

Ger

Apartment

Total

(Number of Household Members in 1997)

Population ~ Household  Household
' , member
14,516 2,661 5.5
3,245 488 6.6
17,761 3,149 56
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Table 3.3  Assumptions and Results of Economic Benefit Estimate

(Domestic water)

1. Value of water
Base
Additional WTP
Total WTP

2. Unaccounted- for water (UAFW)
1997
2005
2015

3. Amount of water supplied/used
(1) Amount supplied (UAFW included
(2) Amount ysed (UAF W excluded)
(2005)
Apartment
Ger
{2015)
Apartment
_ Ger -
4. Population
(2005)
Apartment
Ger :
Total
(2015)
Apartment
Ger
Total

5. Annual total benefit
(2005)
Apartment
Ger
Total
(2015)
Apartment
Ger
Total

(Industrial and institutional water)
1. Present tariff
2. Present revenue

3. Coefficient for additional WTP
4. Total WTP
5. Annual growth
1998-2005
2005-2015
6. Annual benefit
2005
2015

Minimum Commercial

Unit  requiremen element Total
Tg/m’ 1,250 56 *
% 50% 20%
Tgm* 1,875 67 :
Tg/$ . 890 890 - (December 1998)
$m’ S 211 0.08 -

* present amount paid by apartinent dwellers :

{Tg 250/person/month)/(150 lcd/(1,0001/m*)*30days)

30%
- 25%
20%
Minimum Commercial
Unit  requiremen  element Total
led 106 1394 1500
led 106 . 0.0 10.6
led 200 130.0 150.0
Iced ©200 1.2 212
no. - - 3,433
no. - - 15,357
no. . - - -: _ 18,790
no. g - - " 3,830
no. ' - - 17,131
ne. B - 020,961
. Minimum Commercial '
Unit  requiremen element Total
d/year 27,982 13,189 41,171
$fyear 125,175 -0 125,175
$iyear 153,157 13,189 166,346
$/year 58,902 13,722 . 72,624
$/year 263,461 567 264,028
$/year 322364 14,288 336,652
900 Tg/m’
63,139 thousand Tg in 1997 (mdrcatlon of WTP)
890 Tg/$
71 thousand UJS$
20 %

" 85 thousand US$

3.5% per year
4.5% per year

112 thousand US$ per'ycar
174 thousand USS$ per year




Table 3.4 Economic Evaluation of Master Plan
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_ EIRR = 14.5%
(Unit : $)
No.| Year Cost . Benefit Ralance
Invest- OM Replace- Total Domestic | indusirial & Total
ment ment institurional
1 2000 10,418 44,113 0 54,531 9 0 0 54,531
2 | 2001 232,134 48,710 0 280,844 1,739 1,172 2,911 277,933
3 | 2002 263,869 52,245 0 346,114 40,495 27,290 67,785 -278,329
4 | 2003 282,859 48,108 0| 330,967 89,557 60,353 149,911 -181,056
5 | 2004 177,080 52,433 0 226,513} . 136,782 92,178 228,960 -553
6 | 2005 0 55,967 0 55,967 166,346 112,101 278,447 222,480
7 1 2006 15,922 56,498 0 72,420 166,346 112,586 278,932 206,512
8 | 2007 363,232{ - 57,028 -0 420,260 167,679 112,586 280,265 -139,995
9 | 2008 640,667 60,324 0 700,991 198,081 123,653 321,734 || -379,257
10 ¢ 2009 723,078 66,268 0 789,346 251,706 143,171 394.877( -394,469
i1 | 2010 69,980 75,083 0 145,063 312,228 165,200 477,428 332,365
12 | 2011 54,952 76,724 0 131,676 318,085 167,332 ° 485,417 353,741
13§ 2012 93,311 77,564 0 170,875 322,685 169,006 491,691 320,816
14 | 2013 73,560 79,390 0] 152,950 330,495 171,849 502,344 349,394
15| 2014 0 81,080 0 81,080 336,652 174,090 510,742 |} . 429,662
16 | 2015 0 82,161 0 82,161 336,652 174,090 510,742 428,581
17 | 2016 0 82,161 0 " 82,161 336,652 174,090 510,742 428,581
18 | 2017 0 82,161 0 82,161 336,652 174,090 - 510,742 428,581
19 + 2018 "0 82,161 0 82,161 336,652 174,090 510,742 428,581
201 2019 0 82,161 | 404,081 1 486,242 336,652 174,090 510,742 24,500
21 | 2020 0 82,161 66,562 | © 148,723 336,652 174,090 510,742 362,019
22 1 2021 ) 82,161 0 82,1611 - 336,652 174,090 510,742 428,581
23 | 2022 0 82,161 0 82,161 336,652 174,050 510,742 428,581
24 | 2023 0 82,161 0 82,161 336,652 174,090 510,742 428,581
251 2024 0 82,161 0 82,161 336,652 174,090 [ - 510,742 428,581
26 | 2025 0 82,161 408,440 490,601 336,652 174,090 510,742 20,141
27 ¢ 2026 0 82,161 0 82,161 336,652 174,090 510,742 428,581
28 1 2027 0| . 82,161 0 82,161 336,652 174,090 510,742 428,581
29 | 2028 0 82,161 0 82,161 336,652 174,090 510,742 428,581
30 | 2029 0 82,161 .. 0 82,161 336,652 174,090 510,742 428,581
31 { 2030 0 82,161 243,664 325,825 336,652 174,090 510,742 184,917
32 | 2031 0 82,161 66,562 148,723 336,652 174,090 510,742 362,019
33| 2032 0 82,161 0 82,161 336,652 174,090 510,742 428,581
34 | 2033 0 82,161 0 82,161 336,652 174,090 510,742 428,581
35 | 2034 0 82,161 0 - 82,161 336,652 174,090 510,742 428,581
36 | 2035 0 82,161 404,081 486,242 336,652 174,050 510,742 24,500
37 { 2036 0 82,161 0 82,161 336,652 174,090 510,742 428,581
38 | 2037 0 82,161 0 82,161 336,652 174,090 510,742 428,581
39 | 2038 0 82,161 0 82,161 336,652 174,090 510,742 428,581
Total || 3,031,062 2,821,238 1,593,390 | 7,445,690 10,581,876 | 5,636,640 16,218,515 |1 8,772,825
Sensitivity Analysis :
Case EIRR B/C B-C
' - (%) ($)
Standard 14.5% 1.23 590,800
- Cost 10% up - 12.4% 1.12 339,377
Benefit 10% down 12.2% 1.11 280,297
10.3% 1.01 28,875

Cost 10% up plus benefit 10% dow




Table 3.5 Water Charges for Cost Recovery by Ger and Central Area
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ltem 2003 2015
Unit Ger Central Ger Central
area area
1. Costs S _
OM . thousand $/year 38 18 42 40
Investment cost (L.C) thousand $ 351 -4 641 375
Replacement Cost (1.C) theusand $ &3 16] . 145 85
Total investment cost thousand § 674 322 1,554 1,477
Total replacement cost thousand $ 169 81 442 420
LC investment cost annulaized thousand $/year 20 2 37 22
L.C replacement cost annualized thousand $/year 5 i B 5
Total invesiment cost annulaized thousand $/year 39 19 -89 85
Total replacement cost annuiaized thousand $/year 10 5 - 25 24
2. Amount of water used . - ‘
Daily mean m’/day 163 694] 363 843
Annual mean m’fyear 59,495 ] 253,310 | 132,495 | 307,695
3. Water ¢harge : ' '
(n$)
OM cost recovery $/m’ 0.64 0.07 032 013
OM and LC mvestmem/replacement costs recovery  |$/m’ 1.06 | 008 0.66 0.22
OM and total mvestmentlrepiacemem costs recovery |$/m’ 1.45 0.16 118 048
{in Tg) . ﬂ
OM cost recovery Ty/m’ 566 641 283 116
OM and LC mvestmentfreplacement costs recovery © | Tg/m® 939 74 586 192
OM and total investment/replacement costs recovery Tg/m? - 1,291 1,053

145

431
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Table 3.6 Proportion of Expenditure on Water to Per Capita Monthly Income
by Income Strata
(Under the revised water tariff for OM cost recovery)

Income strata | Propor- Mid-point income Expenditure on water | Proportion to Income
(Tg/month tion § (Tg/month/ ($/month/capita) {$/month/capita) (%)
/capita (%) Japitain 199 ] 1998 | 2005 ] 2015 | 1998 | 2005 § 2015 [ 1998 | 2005 | 2015
(Ger} . _
-0 9.5 - - - - 0.19( 020 020 - - -
- 1-4,999 36.8) 2,500 2.8 33 441 019 020 0.20 6.9 6.2 4.6
5,000 - 9,999 33.3 7,500 84| .99f 132 o019 020 020 23 2.1 1.5
1-9999 7961 5000 56 6.6 88| o019y 0201 020 35 3.1 23
10,000 - 14,999 1271 12,500 140 165 219 0.19] 020{ 020 1.4 1.2 0.9
15,000 - 19,999 53 17,500 197 23.1| 3077 019 0201 020 1.0 0.9 0.7
20,000 - 24,999 L1} 22,500 253 296 395 0.9 0200 020 0.8 0.7 0.5
25,000-29,999 1  0.5| 27,500 3097 362| 482F 0.19] 020 020 0.6 0.6l 04
30,000 - 35,000 0.4] 32,500 36.5| 42.8) 570 0.19)  0.20) - 0.20 0.5 051 04
35,000-39,999 | - 051 37,500 42.1| 49.4] 658 0.19] 020{ 020 0.5 0.4 0.3
40,000 - 0 - - ' - - -
{Apartment)
S0 5.6 - - - . 028f 032 059 - -
o 14999 18 0 2,500 © 28 33 44| 028] 0321 059 10 0 96] 133
5,000 - 9,999 16.1 7,500 8.4 991 132} 028 032 059} 33 32 4.4
1-9999 39.7| - 5000 56 6.6 88| 028] 032 059 3.0 4.8 6.7
10,000 - 14,999 304 12,500 14.01 165 219 028 032 059 - 2.0 1.9 2.7
15,000 - 19,999 11.8§ 17,500 197] 231 307y 028 032} 059 14 1.4 1.9
20,000 - 24,999 1371 22,500 253 29.6) 395 028 032 059 1.1 L1l 15
25,000 - 29,999 2.5 27,500 ©309) 362f 482 028 032 059 0.9 0.9 1.2
30,000 - 35,000 1.9] 32,500 36.5] 42.8] 5701 028 0321 059 0.8 0.7 1.0
35,000 - 39,999 0y 37,500 42,1 494| 658; 028 032 059 0.7 0.6 0.9
40,000 - of - - - - - - - - - -
Note : .
(1) Exchange rate : 890 TngS$ (average rate in December 1998)

(2) Growth of personal income is estimated based on the economic growth rates and populatlon
growth rates assumed in the Socio-Economic Framework.

Economic growth (%/year)
: Popuiatlon growth (%e/year)

Per capita 1ncomegmwth (%/year)
(3) Expendlture on water .
_ {Ger)
Water consumptlon rate - led

Water charge

{Apartment)

Water consumpriton rate lcd

_ Water charge

* . Expenditure on water

- Expenditure on water

2005 2005-

2015

3.0 4.0

0.7 11

24 29

1998 2005 2015

46 106 - 212

$/m® 140 . 064 032
$/month/cap 0.19 020 020
150.0 '150.0 150.0

$/m’ 0.06 007 0.3
028 032 059

$/month/capi




Table 3.7 Financial Internal Rate of Return of Master Plan
(Under the revised water tariff for OM cost recovery)
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FIRR= -1.2% (Unit : §)
Year Cost Revenue Balance

Invest- OM Replace- Total Domestic | Industrial & Total

ment ment ' - institutional
2000 10,418 44,113 [} 54,531 0 0 -0 -54.531
2001 232,134 48,710 0 280,844 536 977 1,513 -279,331
2002 293,869 52,245 o 346,114 12,489 22,741 35230 -310,884
2003 282,859 48,108 o 330967 27,620 50,294 . 77,914[ -253,053
2004 177,080 52,433 o 229,513 42,184 76,815 118,999| -110,514
2005 0 55,967 -0 55,967 51,302 93,418 144,720 88,753
2006 15922 56,498 0 72,420 151,302 93,418 144,720 72,300
2007 || 363,232 57,028 0] 420,260 51,391 93,822 1452131 -275,047
2008 640,667 | = 60,324 -0 700,991 53,416 103,044 | 156,460( -544,531
2009 723,078 66,268 0| 789346 56,989 119,309 176,298 {| -613,048
2010 - 69,980 75,083 0| 145063 61,022 137,6671 198,688 53,625
2011 54,952 76,724 0 131,676 61,412 139,443 | 200,855 69,179
2012 93,311 . 77,564 0 170,875 61,718 140,839 |  202,557ff 31,682
2013 73,560 79,390 0 152,950 62,239 143,207 - 205,446 52,496
2014 : 0 81,080 -0 81,080 62,649 145,075 207,724 126,644
2015 . 0) - 82,161 0| - 82161 62,649 145,075 | 207,724 = 125,563
2016 0 82,161 o - 82161 62,649 145,075 207,724 . 125,563
2017 0] 82,16l 0 82,161 62,649 145,075} 207,724 125,563
2018 0 82,161 0 . 82,161} . 62,649 145,075 - 207,724|| 125,563
2019 0| - 82,161| = 404,081 486,242 62,649 145,075 207,724l 278,518
2020 -0 $2,161 0 82,161 62,649 145,075 207,724 125,563
2021 0 82,161 0 82,161 62,649 145,075 207,724 125,563
2022 0 82,161 ] 82,161 62,649 145,075 | . 207,724 125,563
2023 0 82,161 L0 82,16l 62,649 145,075 | 207,724 125,563
2024 0 82,161 0 82,161 62,649 145,075} 207,724 125,563
2025 o 82,161 408,440 | = 490,601 62,649 145,075 | 207,724 | -282,877
2026 0 82,161 01 = 82161 62,649 145,075 207,724 125,563
2027 0 82,161 0 82,161 62,649 145,0751 207,724 125,563
2028 0 82,161 0 82,161 62,649 |  145,075| - 207,724 125,563
2029 0 82,161 0 82,161 62,649 145,075 | - 207,724 - 125,563
2030 0 82,161 243,665 | - 325,826 62,649 145,075 | 207,724 -118,102
2031 0 82,161 66,562 | 148,723 = 62,649 145,075 | 207,724 59,001
2032 0 82,161 0 $2,161 62,649 145,075 207,724 125,563
2033 0 82,161 0 82,161 62,649 145,075 207,724 125,563
2034 0 82,161 0. 82161 62,649 145,075 207,724 125,563
2035 0 82,1611 . 404,081 486,242 62,649 145075 | 207,724) -278,518
2036 0 82,161 0 82,161 62,649 145,075 207,724 8 125,563
2037 0 82,161 0 82,161 62,649 | 145,075 207,724 125,563
2038 0 82,161 01 - 82,161 62,649 145075 207,724 125,563
Total || 3,031,062 2,903,399 1,526,829 7,461,290\ 2,159,847 | 4,841,870 7,001,717} -459,573
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FEASIBILITY STUDY

DESIGN CONDITION

Deéign conditions for the feasibility study on priority project are summarized below.
Details are described in the supporting report.

(1) Target year . . 2005
" (2) Future population in 2005 | : 18,790
(3) Population served - : 18,790 (apartment; 3,433, ger; 15,357)
(4) Service area - : whole apartment and ger area shown in
_ ' o - Figure 4.1
(5) Future water demand in 2005 ':_ 1,500 m*day in maximum

4.2

42.1

(6) Additional development capacity : 350 m’/day in maximum

(7) Water source and its potential  : Xharzat, more than 3,000 m*day

WATER RESOURCES AND WATER SUPPLY DEVELOPMENT

General

In Kharzat water souxcc there are four productlon wells. Two of them have been

- utilized and have supplied water about 960 m*/day in average and 1, 150 m’/day in

maximum in October 1998. This water resource can be expanded to yleld about 1,500

m3/day in mdxinium in 2005.

It was found that a large amount of water (34 to 38 r_n3/hour) is coﬁstantly distributed

@'@7_@_

®

during the night. It is supposed to be leakage from the pipe, water taps and toilet
instruments. A control system is needed to minimize unnecessary supp]y voiume and
distribution pressure by switch and valve operation.

_. The deve'lo'prher'lt of wafé_r supply facilities shall proéeéd as follows.

Reconstructlon of three existing intake wells _

Replacement of three submers1ble pumps of intake wells

Two sets of water level meter shall be mstalled at the reservoir to control the
\mthdrawmg volume from intake wells. _

Procur_ement of water wagon for strengthening water supply to the ger area



®
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Procurement of water cart, for ger dwellers to transport water from kiosk or public tap
to their houses. _
Instatlation of distribution pipe for supplying water to ger area of G-2 and G-3 and
lower part of G-1.

Required facilities to increase the capacity of water supply

Measures : Facilities

Improvement of | I, reconstruction of 3 wells (total 4 wells; one s spare)
existing facilities | 2, replacement of submersible motor pump with control system :
0.42m*/min x 60m x 3 unites (totai 4 pumps; one is spare)

Construction of T, water level indicator system for reservoir : Isets

new facilities |2, procurement of water wagon ; Sm’ 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 : 2in G-1,3in G-2, 5 in G-3

Intake Facilities

Intake wells, submersible motor pumps, and collection pipes have sofﬁcient_ capacity
for the present water demand. But, two of the four production wells constructed in
1979 are deteriorated and another one well constructed in 1986 is damaged Therefore

_ these wells shall be reconstructed The weli constructed m 1995 is not necessary to be
- replaced in this stage.

4.2.3

Submersible motor pumps may be also detenorated by 2005 and they shall be replaced
with new pumps. The contro} system of the pumps is also necessary to manage the
withdrawing volume of groundwater in the night or in the case of low consumption of
water. | | '

Distribution Facilities

Two sets of water level meter (detector) shall be 1nstalled at the reservou to control the
withdrawing vo]ume from intake wells.

There are four water wagons which transport water to ger area at present but there .

will not be enough cars in 2005, Three water wagons are necessary fo be procured by
2005. '

Water cart shall be procured for ger dwellers to transport water from the point where

&
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they can get water to their houses.

In this stage, it is necessary to extend the distribution pipelines to ger area G-1, G-2
and G-3 which can be supplied with water by existing distribution pump system
according to a plan of phased implementation up to 2015. Ten water kiosks shall be

- also constructed for the ger areas. Location of proposed extension pipeline and water

kiosks for ger areas are shown in Figure 4.1.
Land Acquisition

Land will be required for the construction of the fac:lztles without monetary
compensation.

. OPERATION AND MAINTENANCE PLAN

Institut.ional Strengthening

Daily operation and maintenance have been conducted by APSD. The expanded and

- developed water supply facilities shall be also managed by strengthened'organization

)

and institution of APSD. The followmg items shall be put into practlce to strengthen
maintenance and operanon system of APSD
- Introduction of approprlate water tarlff

- Implementatlon of meter measuring system
- Reductlon of water leakage

- Introduction of strict financial rnanagement

- Establishment of functional orgamzatmn

Establishment of Reiated Law for the Water Supply Service

Design and operation criteria shall be established to 'e_nsure the structural and hygienic

safety of the water supply facilities.
Regulatlon of water supply serv1ce shall be also estabhshed to pr0v1de the rational
service for consumer
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Improvement of Data Arrangement

Daily or monthly operation data of water consumption, electric power consumption,
chemical dosage and other necessary data shall be arranged systematically and
checked well under the strengthened organization. These data is inevitable to maintain
water supply facilities and to make the development plan of water supply facilities.

Training System

There are 45 employees including director in APSD. They have been working for

long period in the same section, and learning skills of operation and maintenance
through dazly work.

It means that they do not have so much expenence with skilled work in other SCCtIOI]S

Therefore appropriate training system is necessary to make ‘them master the

comprehensive operation and maintenance technique regardless of their field of
expartize. :

Hygiene Education Plan

Measure against contamination of dn'nking water

Other than technical improvement of water quallty test,. it is 1mp0rtant to make the
residents of ger area know that the responsibility of water quality lies on the residents

once the water has been delivered. It is recommended for Soc:al Health Center to _
- conduct often a mxcroblologneal test on stock water in ger so that they can momtor the
hygienic situation in ger area. It should be noted that water analysis is te monitor the

condition of drinking water but not to measure true risk of the peeple'. Therefore, it is
encouraged to promote the understanding on the role of ‘water analysis as well as

exchanging information between Water Supply Oi'ganizati_on and Social Health Center. -

In order to increase the hygiene practice among the re51dents m Altal Clty, the

followmg approaches are recommended.

Il’ff?f?’?é of _Qﬂq@geg_s._on _hygiene préetiﬂce and water cbnsumption "
Target group: - All the residents in Altai City -
Media: Local radio and TV

Expected outcome:  The all residents of Altai Clty apply the knowledge of hyglemc
practice to thelr daily llfe
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Implementation body: Gobi-Altai Social Health Center / Governors” office

Proper management 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 health

Target group: - School childredn

Media: : - School Class

Expected outcome: ' 'll;he Elaz}sic knowledge on hygiene will be put into practice in
B ' ‘their life.

MONITORING PLAN

Monitoring of water sources and water .supply facilities shall be conducted
continuously as follows.

For water sources

groundwater level,

hydrologic_al and meteorologiéél data,

groundwater quality, and

- groundwater utilization.

For water supply faci_litiés _
- water quality of raw water and distributed water,
- residual chlox_ine at the water tap of the end of pipeline,
- distributed water pressure at pumping.s.tation, and
- supplied water pressure at the end of pipelines.

COST ESTIMATION

 The total inv_estment cost by the ye_ar'of 2005 amounts to US dollars 996,359 which

includes the direct construction cost, overhead cost, land acquisition cost, engineering

(design & superviéion) cost, and physical éontingency. Its break down is shown

" below.



Investment Cost until the Year of 2005

(Unit : US Dollar)

Total Cost
Work Item Nos
(2000~2005)
630,108
A. Direct Construction Cost - :
382,466 | 247,642
(1} Intake facility 197,308
. Reconstructiop of existing well 3 Wells 172’9]1907’1308 547398
(2) Distribution facility 432,800 - :
*Water level indicator .
2 Sets 6,694
Electrod ! ;
© Electrode 6586 0%
. 1 Lot 47,805
l 3
@ Transmit Cable ) 70,659 BT
- Water wagon 3 Cars . 52,800
g _ 50,400 3,400
2792 Scts 92,136 T S
W ater cart 3 i 55 138
. 10 Unit 51,060
- Water kiosk
arer e o 0] 31,660
*Pipe-line (P 150~ 250) 39Km !
(1.0Km) 38,540
-1 A
: @ o : rea 25,652 i 12,888
(1.0Km) 51,975 DI
G-2 A
@ e 31185 736,990
® G-3 Area (1.9Km) 91,790 . ]
. s5074 36,716
B. Land Acquisition Cost ~ - o
C. Construction Cost (A X 1.25) - 787,635 |
D. Design & Supervision (C X0.1) - 18,764
*Detailed Design {(C x 0.03) - 39,382
-Supervision (C x 0.05) - 39,382
E. Physical Contingency {(C+D) X 0.15 - 129,960
Total (C+D+E) - - 995,359

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

2) @
@O

_ : D Total @ Foreign Portion

@ Local Portion

main
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IMPLEMENTATION SCHEDULE

On the basis of this study, implementation schedule on priority project is proposed as
shown below.

Implementation Schedule

Year (2000-2005)

2000 | 2001 | 2002 | 2003 | 2004 | 2005

Work ltem ' " Nos

(1) Intake facility

Reconstruction of existing weli

(Including submersible pump) 3 Wells

(2) Distribution facility

*
“Water level indicator ' : 2 Sets ' h
F—

*Water wagon | 3Cars

-Water cart 5 12,792 Sets

*Water kiosk ' ' 10 Units -

- DG-1 area ' : @ : qu
@G-2 area (3) ' (:)J
@G-3 area : (5) : Lf)

-Pipe-line (P 150~ 250) 3.9 Kms
@G-1 area (P150~200) .~ (1.0) i
@G-2 area (D 150) g (1.0) L“-'O)J

3)G-3 area (P150) - ' (19) B
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4.7  DISBURSEMENT PLAN

According to implementation schedule, the proposed disbursement of the project is

shown as follows.

Disbursment Plan : © (Uit : US Dollar)
Year 2000 - 2005 ' Total Cost
Work Item Nos : )
00 2001 2002 2003 T 2004 2005 (2000~2005)
144,936 186,038 181,815 117,320 630,108
A. Direct Construction Cost - : : |
. 50,400 | 94,536 1162,519 g 23,520 | 114,474 | 67341 155074 1I 62,246 [ 0] 382,466 i 247,642
1) Intakce facitiny - _ 197,308
“Heconsiracion of TWelTs 37339 63,970 - To7 308
existing well ’ . . 11521 Ti8,265 | 37,637 % 5,133 . : ) (7310 1i 23398
(2) Distribution facility o T : - : . - 432,800
*Water [evel indicator : : -
25ets 6694 ; T 6,604
{0 Electrode :
6,586 ! 108 6,336 108
Lot . 47,805 47,505
@ Fransmit Cable )
S . . [ 40659 i 146 | - . o 40,659 % 7,146
3 Cars 52,300 X 52,800
“Water wagon . . . . . . : .
36400 2,400 : 50,4001 2,400
2792 Ses 92,136 = . 92,136
*Water cart . - : . - P . .
. 0] 92136 : ol 92138
. 19 Unit . 25,530 25,530 51,060
-Water kiosk . .
0 g 25530 . 0 =125,539 .0 i 31,060
- 3 Ponds : 0 .
*Reservoir
Xl [}
i
«Pipe-line (@ 150~250} 3.9 Km ) )
1.0Km 38340 . . 38,540
G- Area { : ) . ) b
. o ! 25,652 i [2,388 e : . 25652 i 12,888
1.0Km 51,975 51,975
DG-2 Atea ( ) ) . . -
3!,]85‘5 20,790 : 31,185 1 20,790
1.9Km. 91,790 oL 91,790 -
3 G-3 Arca ( ) . B :
. : . 35074 236,7]6 55,074 E 36,716
B. Lund Acguisition Cost - 0 0 0 0 o _ 0 [t]
. Construction Lost
- 0 181,370 232,547 221,268 146,650 [} 187,635
(A X 1.25) X . . . .
D. Design & Superviston - 9,059 20,686 22,991 12,696 . 1333 0 78,764
cxoyy :
+Detailed Design
(C x0.05) %059 11,627 11,363 7333 bl 0 39,382
+Surpenvision . .
- 9,059 11,627 3,363 7333 0 39,382
(C x 0.05) : .
E. Physical Contingency . 1,359 30,278 38,331 36,895 23,097 0 129,960
{({CHDYy X 015y} X . .
Total (C+D+E} - 10,418 232,134 293,869 282,859 177080 | . 0 996,359
Note 1) Exchange Rate : USS 1,00 = Yen 117.5 US55 1,00= Tg 8%0

?) 7 I O Toral @ Foreign Porion @ FLocal Portion
ERACR ’
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- OPERATION AND MAINTENACE COST

General

Daily operation and maintenance have been conducted by APSD. The improved
facilities shall be also managed by the existing organization of APSD, which naturally

_ I’BQUII‘CS some €xpense.

Operation and Maintenance Cost
Annual Operation and Maintenance (O/M) consist of the following items:

@D Electric consumption
©@ Chemical consumption -
® Labor cost '

@ Repairing cost

(® Replacement cost

The annual average O/M costs after the completion of each construction works-
without replacement cost (as of 1998) are estimated belowr.

- Annual Operatlon and Maintenance Cost

. Year (2000-2005) i
Htem Uit Total
2000 | 2001 | 2002 | 2003 | 2004 | 2005
Daily Mean Demand . mi/day | 10| 1,037] 1063| 1089| L] 1,140
- [Hourty Maximum Demand : m3/h 364 956 1049 41} 1233] 1325]
1. Electric Power Cost (US$0.126/Kwt) | USS/Year| 32,600 37173] 37699 31213| 31,558] 31,917] 202,160
. -Electric Consumption . - - e/ Year| 258,727 | 295,022 255,198 | 247,726 | 250,463 | 253,310
@intake Pump (Existing) . Kbl Year| 162,367 | 166,542 | 170,718 _ _
Sntake Pump {Reconst. &.New) Kwii/Year 119,246 | 121,983 | 124,830
" (3Distribution Purmp {Existing) K/ vear] 96,360 | 128,480 | 128,480 | 128,480 | 128,480 | 128,480
@Distribution Pump (New) - | Kwh/ Year
2. Chemical Cost (US$0.34/Kg) US$/Year 916 939 963 987 1,009 1,033 5,847
+ Chemical (Gl,} Consumption Ke/Year |2.693.81 {2,763.0912,83236 |2,901.64 [2,968.25 [3,037.53
3. Persormel Cost T | uSS/Year]| 10,598 10,5981 11,77 11,771 13456 151411 73335
4. Repair Cost (1% of Const~Cost) Lot 0 0| 1812[ 4137 6410 7876F 20,235
Total Anoal M& O Cost . |US$/Year| 4113 | 48.710] 52,245] 48,108 | 52433 | 55,967 301,57

Note 1} Exchange Rate : US$ 1.00 = Yen 117.5 USS 1.00 = Tg 890

The equipment shall be periodically replaced at the end of its life span. The detail
replacement cost are shown in the following table.
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Replacement Cost _ Unit : US Dotiar
Life Year {2000~2005)
No Work Ttem Unit Total
. $pan 2060 2001 2002 2003 2004 2005

1 fintake facility (Exist. & New) 164,423 | 82212 246,635
“Well Year 15 30,660 | 15,330 45,990
*Pump house Year 40 6,710 1 3,355 10,065
“Intake pump - Year i5 116,531 | 58,266 174,798
*Collection pipe Year 25 . 10,522 | 5,261 . 15,783
2 TUistribution Tacility Year ) TET,T7O T 68,123 T145,056 | 146,600 S3T, (K
"Waler Tevel indicator Year 15 bE, 124 YR PLS
*Waler wagen Year g 66,000 66,000
“Water cart Year 15 115,170 : T, T70
WatEF Kioek Year a0 YT 31913 63,826
“Pipe-line (P TO0~250) Year 25 T3 143 1114,738 227,881
3 [Total of Replacement Cost - - 181,170 | 232,547 1227,268 | 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 1 35,268 | 31,913 73,890

4.9

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

IMPROVEMENT PLAN FOR SANITA’I_‘ION

It is required to improve the existing sewer and waste water treatment capacity in the

central area to cope with the increase of waste water after water supply facilities are
expanded in 2005 and 2015.
At the same time, much more waste water from ger dwellers will be d1scharged to the

ground after the 1mprovement of water supply system. ‘However, there is not any

facilities to collect and treat the waste water in the ger area. Consequ'ently,'it is also

required to install personal or community treatment facilities to prevent contamination
of soil, groundwater, and the environment in ger area until the establishment of
collection sewer system connected to the central treatment plant.

water:

[- (100 m) stnctly prohlblted Zone,

The'following saﬁitary z.(')nes.should be established to protect the sources of domestic

prohibit setting up of any sources of possible pollutlon in the I-zone

I - (300 m) zone under protection.
II1 - (1,000 m) monitoring zone. -

It should be carried out bacteriological and chemical anélyées in these zones.

é;r S
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