Study on Sustainable Water Supply for Bogota City and Surrounding Area
Based on the Integrated Water Resources Management, Colombia

CHAPTER 4. ISSUES IN EXISTING MASTER PLAN OF WATER
SUPPLY

4.1. Existing Master Plan
D Water Demand Projection

Actual water consumption in the past and predicted water demand for the future is shown in Figure-
2.4-1.
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Source: Acueducto, Plan de Expansién de Abastecimiento de Agua, 2005
Figure-2.4- 1 Actual Water Consumption and Predicted Water Demand

Water from Chingaza System was interrupted for nine months in 1997 because of collapse of the water
conveyance tunnel from Chuza Reservoir. It was called “Crisis of Chingaza”. Water consumption
was dramatically reduced in that time. After the crisis, Acueducto reduced pressure of water supply,
raised water tariff and performed campaign for saving water. As a result, the water consumption has
been reduced to 89 t/day/person in 2006, which was 60% of that in early 1990s of 150 ¢/day/person.
Water consumption is still being kept low in Bogota after “Crisis of Chingaza”.

2 Issues in the Existing Mater Plan
1) M/P (1995 version)

Acueducto formulated the Expansion of Water Supply System (M/P) in 1995. Water production
capacity of Acueducto was 25 m%s at that time. On the other hand, water demand was 18 m%/s. It was
predicted that water demand would exceed water production capacity in 2005. Therefore,
development of new water resources was considered to be necessary from 2005. Based on this
prediction, projects for water resources development were proposed as shown in Table-2.4-1.
However, predicted water demand was much higher than real water consumption because of “Crisis of
Chingaza” in 1997. After the crisis, water consumption has been controlled by Acueducto.

2) Revised M/P (2005)

Acueducto revised the M/P (1995 version) in 2005. Water consumption of Bogota D.C. was extremely
reduced after “Crisis of Chingaza”. Then, water demand control followed by “Crisis of Chingaza” by
Acueducto kept water consumption in lower level afterward. Revised M/P in 2005 succeeded projects
proposed by the old M/P. However, beginning of projects proposed by the old M/P was put afterward
to year of 2028, because real water demand was lower than the predicted demand. Projects proposed
by revised M/P were classified into three categories as shown in Table-2.4-1.
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Table-2.4- 1 Projects Proposed in Revised M/P (2005)

2010 2015 2020 2025 2030 2035 2040
2045 2050

Period Project

1st | 2005-2020 | 1) Basic Study and Design

2" | 2021-2028

39 | 2029-2050

2) Optimization of Water o
Supply System

3) Expansion of Water Supply o
System

Source: Acueducto, Plan de Expansién de Abastecimiento de Agua, 2005
Importance of groundwater development proposed in M/P is summarized as shown below:

e Groundwater development in Bogoté city has a role of supplemental water supply to mitigate
vulnerability of the current water supply system that depends on surface water sources of distant
places.

o Water supply by use of groundwater should be planned, independent of the current water supply
by use of surface water. It is because water supply by groundwater can compensate vulnerability
of water supply by surface water.

3) Current Water Supply Capacity

On the other hand, the current capacity of facilities for water supply by Acueducto is shown in Table-
2.4-2.

Table-2.4- 2 Water Right and Capacity of Water Production by Acueducto (2007)

Factor to affect Water Use Current Potential
Water Hydrological Capacity of Water Minimum production increase in water
Supply potential purification® concession of (a), (b), (m%s) production
System (m3fs) (m%fs) (m%s) (©) (m%s)
(@) (b) © (d) (e) (d)-(e)
(UChingaza | 141 | 176 | 132 [ 132 00 [ 32

(2) Tibitéc 7.0 10.5 48 48 4.0 0.8
(3) Southern 0.9 2.1 1.0 0.9 0.5 0.4
Total 22.0 30.2 19.0 18.9 14.5 4.4

Source: Acueducto.
Note-1) Water purification capacity of Vitelma and San Diego plants is not included

The relationship among hydrological potential, capacity of facilities and water right is as below:
Water concession < Hydrological potential < Capacity of purification
(19.0 m¥/s) (22.0 m¥s) (30.2 m¥/s)

As shown in above, amount of water concession is smallest of 3 factors. Water demand is predicted to
exceed water right (18.8 m3s) in 2022, water potential (22.12 m%s) in 2033 and capacity of
purification (25 m*/s) in 2042, respectively.

As shown in Table-2.4-2, development of new water resources (construction of water intake facilities)
and additional water right is necessary to use full capacity of the current facilities.

4.2. Review of Existing Master Plan
@ Water Demand and Development of Water Resources

Acueducto has Master Plans of the optimization of water supply and expansion of water supply system.
Relation between water demand and water supply by above project is shown in Figure-2.4-2.
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Figure-2.4- 2 Water Demand and Water Supply

Characteristics of Projects

Proposed projects are summarized as below:

4.3.

Chingaza expansion project is lower in development scale but higher in cost efficiency than
Sumapaz development project. Both projects need construction of new facilities. However,
existing water conveyance tunnel (40 km length) can be used for Chingaza expansion projects.
This why Chingaza project has such a high cost efficiency.

Chingaza expansion project consists of 5 independent projects. Each project can be implemented
step by step closely following increase of water demand.

Optimization project has highest efficiency because new construction is not necessary for this
project. However, amount of developed water is small.

Southern development (new Regadera dam) project has the lowest efficiency. There are already
3 existing dams (Regadera, Tunjuelo, Los Tunjos) in the Tunjelo river. It is why efficiency of
additional dam construction is lower in Tunjelo River.

Water Resources Management

The existing M/P was reviewed in this Study from 4 view points: i) quantity management, ii) quality
management, iii) water distribution management and vi) risk management. The result of the review is
described below:

)

Quantity Management

Access rate to water supply in Bogota D.C. is more than 90%. Average unit water consumption is 89
t/capita/day for domestic use. There was serious water shortage in 1997 called “Crisis of Chingaza”.
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After it, Acueducto has controlled water consumption by high water tariff, reduced pressure of water
tap and campaign for saving water. As a result, water consumption was reduced from 150 £/capita/day
in 1992 to 89 t/day/person in 2006 in average. This consumption rate is much lower than that in
capital cities of the other South American countries.

2 Quality Management
(a) Surface Water Quality

Water supply of Bogotd Metropolitan Area depends on surface water. There are three water supply
systems, which take water from the rivers and treat it in the treatment plants. Treated water quality
meets water quality standard of Colombia. Water use is very active along Bogota River, where there
are many points for water intake and drainages. Water quality of Bogot& River is more deteriorated
than other water sources. In the area of upper reaches of Tibitoc Plant, water quality of Bogota River
is under control of CAR. Degree of contamination is currently within the limits stipulated in water
quality standard, however, polluted load will be increased in the near future so that it is expected that
current water treatment plants will not be able to treat it any more. It depends on CAR whether water
quality of Bogota River is improved or worsens in the future.

(b) Groundwater Quality
Groundwater quality of the Quaternary Aquifer

There is high concentration of organic materials in groundwater in the Quaternary Aquifer, which
needs full-scale water purification for drinking. Therefore, groundwater of the Quaternary Aquifer is
mainly for agricultural use. Large amount of groundwater is currently being withdrawn from the
Quaternary Aquifer, but no measure is performed in order to conserve groundwater quality.

In recent years, non-operating wells within Bogota urban area were closed by SDA. It is for
protection of groundwater to be contaminated though the non-operating wells. This can be called as
an activity for water quality management.

Groundwater in the Cretaceous Aquifer

Water quality of the Cretaceous Aquifer is good, which is suitable for drinking. However, currently
groundwater is not being withdrawn from the Cretaceous Aquifer of the Eastern and Southern Hills.
So far there is no information on pollution of the groundwater of the Cretaceous Aquifer in the area.
Every activity for new development is prohibited in the forest protection area of the Eastern Hills by
regulation since 2004. This regulation will contribute to conservation of the groundwater resources of
the Cretaceous Aquifer, which is mainly recharged by rainfall in the Eastern Hills. This can be called
as an activity for water quality management.

3 Water Distribution
(@) Water concession of surface water

Water concession for Acueducto is divided into two categories: Bogotad River Basin and the other
River Basin.

Water concession of Bogota River Basin

Water production of Tibitéc Plant occupies 30% of the total water supply by Acueducto. Water of
Bogota River is used not only for water supply but also for agricultural and industrial use. Water
concession for agricultural use is recently increasing. Taking into account of current tendency, it is not
practical for Acueducto to expect increase of water concession of Bogota River in the future.

Water concession out of Bogota River Basin

Acueducto is planning to develop water resources out of Bogota River Basin, such as in Chingaza and
Sumapaz River Basin. Water concession of those rivers basin is controlled by UAESPNN,
CORPOGUAVIO and CORPOORINOQUIA.  Acueducto has water concession from these
organizations for current water use. Considering relationship between Acueducto and above three
organizations, there is high possibility that Acueducto will get new water concession from these
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organizations in the future.
(b) Water concession of Groundwater

CAR and SDA has authority to give concession of groundwater of the above mentioned area. Whether
concession will be given or not depends on estimated groundwater development potential. On the
other hand, any activity including water resources development is prohibited in the forest protected
area (almost above 2,700 m) of the Eastern Hills. Therefore, groundwater development should be
performed out of the protected area. To the contrary, there is no forest protection area in the Southern
Hills, where groundwater development is prohibited.

(@) Risk Management

According to M/P by Acueducto (2005), water resources development in Chingaza Area is proposed as
high priority projects to meet the future water demands. Excellent water quality of the area
contributes to lower operation cost for water purification than those of the other supply systems.
Moreover, there is large amount of water resources in the area. As a result, Chingaza System occupies
70% of the total water supply by Acueducto, with the lowest cost of the entire supply system. There is
still enough surplus capacity of water conveyance in Chingaza System, which will be able to cover
future expansion. It is sure that Chingaza System will become more important in future water supply.

On the other hand, water is conveyed though mountain tunnel of 40 km length in Chingaza System,
which is vulnerable to natural disaster such as earthquake. It is likely to happen that water conveyance
tunnel will collapse, and water supply will be interrupted again, the same as case of “Chingaza Crisis”
in 1997. It is clear that expansion of Chingaza System will increase vulnerability of water supply.

4.4. Proposal to M/P of Acueducto

1) Projects proposed in M/P are scheduled to start after year of 2029. High priority is given to
projects of expansion of water sources in Chingaza System. It is evident that expansion of
Chingaza System has a clear advantage over projects in the other area, from every view points.
Water sources should be expanded following above plan.

2) On the other hand, water is conveyed to Bogota Metropolitan area though single mountain tunnel
of 40 km length in Chingaza System. There is high risk of interruption of water conveyance due
to tunnel collapsing, as “Crisis of Chingaza (1997)” proved it.

3) According to M/P of Acueducto, water supply by Chingaza System will be expanded in the
future. Therefore, risk in interruption of water conveyance from Chingaza area will be increased
in the near future. As measures for it, projects for emergency water supply should be prepared as
shown below:

a) Continuous operation of Tibitdc plant, and increase of water production of the plant in case of
emergency.

b) Preparation for re-operation of closed plants.

c) Development of groundwater in suburb of Bogota Metropolitan area for alternative water
sources for emergency.

4)  M/P of Acueducto will be reviewed in 2008. Plan for development of alternative water sources
for emergency water supply should be included in the M/P.
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CHAPTER 5. MASTER PLAN OF WATER SUPPLY FOR BOGOTA
CITY AREABY USE OF GROUNDWATER

5.1. Basic Policy of the Master Plan
5.1.1. Water Supply for Case of Emergency

Basic policy for Mater Plan of water supply by use of groundwater is as follows:

<Basic policy for water water supply by use of groundwater>

Water resources development of Chingaza area should be promoted for long-term sustainable water supply for
Bogota metropolitan area. On the other hand, water conveyance from Chingaza area is vulnerable to natural
disaster. To solve this problem, master plan for emergency water supply by use of groundwater around Bogota
city area is formulated.

Background of above strategy is as follows:

( < Long-term water resources development plan>

eSurface water resources development is necessary to meet future water demand of Bogota
metropolitan area. Surface water resources have been already developed to the full capacity, and there
is no excess potential for further development.

eTherefore, surface water developmentin Chigaza and Sumapaz area should be promoted to meet the
waterdemand until 2050.

Water resources development in Chingaza Area

eWater is conveyed though mountain tunnel from Chingaza Dam to Bogota. The current water
conveyance through the tunnelis only 11m3/s,though its full conveyance capacity is 25m3/s.
eRemainingconveyance capacity of the tunnel, which is notused now, should be used by new water
resources developmentin Chingaza area.

eltis more effective to develop water resources of Chingaza area than the otherarea. High priority
should be given to Chigaza areaj

Vulnerability of Chingaza system

eAmount of water supply by Chingaza system occupies 70% of entire water supply for Bogota
metropolitan area.

eWatersupply for Bogota become more vulnerable as Chingaza system becomes more important
eWatersupply was stopped for 9 month by collapse of the Chigaza tunnel in 1997

eThere is possibility of collapse of Chigaza tunnelagain dueto outbreak of large earthquake in the

future. Damage by the collapse of the tunnel will be more serious than before.

N/

—~d__—
Master plan for emergency water supply by use of groundwater

eAlternative water sources should be prepared for emergency water supply, which is more important
in case of long-term interruption of water conveyance from Chigaza area.
eGroundwatershould be used asalternative water sources for emergency water supply with
advantage as listed below:
(DEmergency wells will be drilled in suburb of Bogota where there is large water demand
@Emergency wells will be located scattered around Bogota to mitigate risk j
S

(®Emergency well can be operated by a generator beside a well even when power supply i
k interrupted.

5.1.2. Ordinary Water Supply by Groundwater

As described in the previous section, water supply facilities by groundwater are for case of emergency.
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These facilities need regular operation for maintenance.
5.2. Water Supply Plan in Case of Emergency
5.2.1.  Alternative for Water Supply in Case of Emergency

(D) Comprehensive Measures for Seismic Emergency of Water Supply

The comprehensive measures for emergency of water supply are proposed as shown in Figure-2.5-1.

Source: JICA Study Team
Figure-2.5- 1 Comprehensive Measure for Seismic Emergency of Water Supply
(2) Assessment of Damage to Water Supply System by Earthquake
Two type damages by earthquake is assessed for water supply system in Bogota
o Damage to the water pipe network of Bogota Metropolitan area
o Damage to the water conveyance tunnel and pipeline from water sources
Scenario of damage is as follows.

Immediately after occurrence of seismic disaster (Scenario-1)

Water will be supplied by water-supply trucks, immediately after occurrence of a seismic disaster,
(JICA Study team proposal), because of damage to water pipe network in the urban area. In that case,
the remaining water in distribution reservoirs/tanks of Acueducto and groundwater from emergency
wells will be water sources for emergency water supply.

Amount of water to be supplied should be 15 litter/person/day, which is minimum for human survival
(target of Acueducto), immediately after occurrence of seismic disaster.

Long term interruption of water conveyance

If the tunnel from Chingaza collapses, water conveyance interruption may continue for a long period
(Crisis of Chingaza took place in 1997, and interruption of water conveyance continued for 9 months).
In that case, it is necessary to use entire alternative water sources to maintain water supply as same as
usual water supply. Usual water supply rate is 14.5 m*/s as shown in Figure-2.5-2, 70% of which is by
Chingaza System. Even though Chingaza System is interrupted, 13.3 m®/s of water can be supplied by
alternative water sources as shown in Figure2-5.2.
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Figure-2.5- 2 Water Sources in Usual and Emergency Water Supply
5.2.2.  Evaluation of Alternative Plant
Alternative plan for emergency water supply is evaluated as shown below Table-2.5-1.
Table-2.5- 1 Evaluation of Emergency Water Supply Plan

Stability of water sources in emergency Cost
. Water
Alternative ; : Prolonged (New ;
Immediately after cﬂllsaster emergency period investment) Production
(up to 2 month) (up to 9 month)
Unstable Bi
a) Use of storage water of (d e Stable for Not 9
A amage to the facilities is (10 m*/s x3
San-Rafael Dam expected) 3 months necessary month)
Unstable -
b) Increase of water e s Not Big
intake at Tibitéc Plant (damageet)?pg::eiefg)c Hlities is Stable necessary (10.5 m¥/s)
Unstable
T Not Small
¢) Southern System (damage to the facilities is Stable 3
expected) necessary (0.51 m?/s)
: Unstable Necessary
d) Re-operation of closed e s Small
water purification plants (damageet)?pggefg?htles 1S Stable mainge?lgnce) (1.3 m%s)
Stable Small
e) Emergency wells (direct water supply is Stable Necessary (15 mfs)
available at well site) ’

Source: JICA Study Team

The alternative of “(e) Emergency wells” is more stable than others because Emergency wells can be
scattered covering whole Bogota City, which can be more useful in water supply immediately after
serious disaster.

In case of prolonged interruption of water conveyance from Chingaza System (collapse of tunnel from
Chingaza), every alternatives are necessary to supplement deficit of water conveyance from Chingaza.
Therefore, it is proposed that every alternative listed in Table-2.5-1 should be used for emergency
water supply.

5.3. Groundwater Demand

The objective to develop groundwater is to secure and supply water in emergency caused by natural
disasters such as big earthquake. For such a reason, the use of groundwater should be considered as
an alternative water source for emergency water supply and thus integrated in the contingency plans of
Acueducto.

The groundwater demand in emergencies is estimated separately in two scenarios as below:

e Scenario 1: Damage to distribution networks of Bogota City.
e Scenario 2: Damage to water conveyance from Chingaza.
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Demand of Scenario 1

It is estimated based on the minimum water volume 15 litters/day/person in emergencies that
Acueducto expects, corresponding to 15% of the usual water consumption per inhabitant in Bogota
D.C. (90-110 litters/day/person).

Demand of Scenario 2

It is estimated by taking into account the full operation and supply from other plants such as Tibitdc,
Vitelma, Yomasa and EIl Dorado, except San-Rafael (from Chingaza).

Table-2.5-2 shows the groundwater demand for two damage cases in 2007 and 2020.

Table-2.5- 2 Groundwater Demand in Emergency

. Period until . Groundwater
Scenario - Base for estimate
Restoration Demand
<Scenario 1> $:;rperson/day (@) Population of Bogota City (b) = (a) x (b)
Damage to 6.8 million? 1.18 m¥s
Distribution 60 Days %(232: 15 ligeer ¥ oo — —
Net k Hian 3) 3
etworks 2020 9.7 million 1.68 m’/s
<Scenario 2> Y;’;)rtal demand (c) Full supply from other plants (d) =(c)—-(d)
3 3
Damage to water 9 months 2007 14.5 m'/s Tibitéc (10.5m%s), Southern (0.5m%/s) and 2.2 mfs
conveyance tunnel Y others (1.3m%/s)
from Chingaza 25;5 18.4 m%s? ' 6.1 m¥/s

Note:1) Expected volume of Acueducto, 2) Estimate from 2005 census population, 3) “Proyecciones de la poblacién, 2003”
of Humberto Molina, 4) Master Plan of Acueducto 2005.

Source: JICA Study Team.

54. Master Plan for Emergency Water Supply Plan by Use of Groundwater
5.4.1. Production Wells

D Well Location

Well location was planned considering emergency water supply. Location of proposed wells is
shown in Figure-2.5-4. Total number of the proposed wells is 62, from which 4 wells already exist.
Well sites are selected out of the forest protection area and densely urbanized area (see Figure-2.5-3.)

2 Wells in the Forest Protection Area

Economic activity including drilling wells is prohibited inside the forest protection area of the Eastern
hill. However, there are some places suitable for well drilling in the Eastern hills. As shown in
Figure-2.5-4, steep slopes with higher elevation are generally seen in the forest protection area.
Consequently, it is not suitable for drilling wells in such area. However, there are some places where
mountain streams cuts the wide and deep valley, such areas inside valleys are sometimes suitable for
drilling. Drilling sites were selected from areas mentioned above.
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Figure-2.5- 3 Criteria of Drilling site in Eastern Hills
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Sites suitable for drilling well inside the protection area are shown as reference in Figure-2.5-6.
However, drilling wells inside the protection area are currently not permitted by the regulation.
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Figure-2.5- 4 Well Site for Eastern Project

Final Report — Summary Report
(2-5-5)



Study on Sustainable Water Supply for Bogota City and Surrounding Area
Based on the Integrated Water Resources Management, Colombia

= T -
J': ."._a -
| il
| -’%f'f
%
§ 1.4 !
i i -I#}.g/
bk - F;E Drengely urbemzad area
. g ‘w: e—sraches boundaryaf the fors
i e A profectionares So.thers e
g 5 few Tamds for wall
P consIcion
| . Ciiv- s |
- FI_ : : Fomst protaction
|| ol ¢ AAEN et anting)
..‘ .fe_‘-'_ :h'__'- ﬁmhhtﬁ‘_
Ve |
H F .’ £ hE
LA
| Tharz 12 ne ﬁnewa.q
lpmnta:lim R e
Southem hills =1

Bl=ack lin= showz

s, Cratapeou: formation
Eistribures in the ssst of tha fmir,
mnd Tartizn formation diztributas
im the west of the fmls I
principls, well =itzz wars located
on Cratsrepnis formation alone

the famlt,

Source: JICA Study Team

mace of Bozma

Figure-2.5- 5 Forest Protection Area and Densely Urbanized Area

Final Report — Summary Report
(2-5-6)



Study on Sustainable Water Supply for Bogota City and Surrounding Area
Based on the Integrated Water Resources Management, Colombia

1000000 1010000

1020000
1020000

N

1010000

1010001,

1000000
1000000

- MAP OF LOCATION OF THEWELLS

Wells within Forest to Protection Area

Freservation Zone

L]
’ [[] Enviramertsl Management and
B9 Frotection Area

Hidrografy

——  Principal &venue
Colom bia

SCALE (183000

i} 1.850 3.800 Fann

390000
230000

T
000000 010000

Source: JICA Study Team
Figure-2.5- 6 Wells inside Forest Protection Area
3) Wells location of hillside

Principally, wells will be located along the hillside. Cost for well construction and operation depends
on location of wells as shown in Figure-2.5-7.
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Figure-2.5- 7 Alternative of Well Location

Wells should be located in lower part of hills, if the cretaceous aquifer is distributed entire hillside.
Groundwater will be pumped by submersible pump from a well to a tank on the ground. Then,
groundwater in the tank will be pumped up again to upper part of hills by booster pump, which is more
efficiency in operation cost than pumping groundwater directly from a well to upper part of hills.

4 Number of Wells

Yield from one well should be 1,500-3,000 m*/s, taking into account of capacity of Cretaceous Aquifer,
as well as standard diameter of wells and available capacity of submersible pump. In this Study, 62
wells were proposed. Desirable total yield from 62 wells is around 1 m*/s to 2 m*/s

5.4.2. Optimum Yield
(1) Optimum Yield

The optimum yield from wells is restricted by groundwater development potential. To decide the
optimum vyield, lowering of groundwater level by pumping from planned wells should be carefully
examined. For decision of the optimum yield, six alternative yields from the wells were examined as
shown in Table-2.5-3. Lowering of groundwater level by each alternative yield was analyzed by
groundwater simulation.

Table-2.5- 3 Alternative Yield from Wells

Alternative Total3yie|d Yield from one weI_I Note
(m>/s) (Total number of wells is 62)

Alternative-1 1.0 86,400 m°/day Corresponding to Scenario-1 in 2007

Alternative-2 2.0 172,800 m°/day

Alternative-3 3.0 432,000 m*/day

Alternative-4 4.0 345,600 m°/day

Alternative-5 5.0 432,000 m*/day

Alternative-6 6.0 518,400 m*/day Corresponding to Scenario-2 in 2020
2 Pumping Plan by Groundwater Simulation

The influence of pumping of the 62 planned wells (from the Cretaceous Aquifer) over the hydraulic
head distribution of the surrounding aquifers was investigated using the calibrated model. Based on
analyzed influence, the optimum yield was selected from Alternative-1 to Alternative-6.
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The pumping rate for each planned well of the simulation model was then given based on the
following assumptions.

e  The total pumping rate is equally distributed among the 62 planned wells.
o  All the wells operate 24 hours.

e The total pumping rate for simulation is changed from 1.0 m*/s to 6 m*/s, according to
Alternative-1 to Alternative-6 in Table-2.5-3.

e  The simulation period is set from 0 to 365 days (=12 month).
The location of the newly planned wells is shown in Figure-2.5-8.
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Note: Red cells represent those with pumping wells, up to 3 wells in a cell.
Source: JICA Study Team.

Figure-2.5- 8 Distribution of Planned Wells in the Model
3 Head Observation Wells

The drawdown of water table and hydraulic heads due to pumping of newly planned wells were
observed in the Cretaceous aquifer and in the Quaternary sediment layer above it. The location of the
observation wells are shown in Figure-2.5-9.
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Observation wells for Quaternary sediment layer Observation wells for Cretaceous aquifer
Source: JICA Study Team

Figure-2.5- 9 Location of Observation Wells

(a) Drawdown Cretaceous Aquifer

As a result of the transient simulation, the hydraulic head with time at each observation wells were
calculated and two examples are shown in Figure-2.5-10.

Drawdown at Pumping Rate 2.0 m’/s Drawdown at Pumping Rate 4.0 m’/s
1.60
2
.
B £
E 5
H E
a a
o |l
10 H
12 25
T e %% % % % ° % % % ¥ B 8 3
Time (day) Time (day)
Scenario 2 (total pumping rate 2.0 m%/sec) Scenario 4 (total pumping rate 4.0 m*/sec)

Note: The markers indicate drawdown at time 271 days (9 months).
Source: JICA Study Team.

Figure-2.5- 10 Drawdown-Time Relation in Cretaceous Aquifer
(b) Drawdown in Quaternary Sediment Layers

For the Quaternary sediment layers, the maximum drawdown at day 271, in the case of scenario 6 that
has the largest pumping rate, was found to be very small. Even when the simulation time was
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extended up to 2,600 days (approximately 7 years), the result showed little difference as illustrated in
Figure-2.5-11. Therefore, the possibility of land subsidence is considered very small and negligible in
this area.
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Source. JICA Study Team
Figure-2.5-11 Drawdown in Quaternary Sediment Layers
(c) Result of Simulation

The following conclusions, concerning the groundwater behavior by pumping of newly planned 62
wells, are suggested from the results of the groundwater simulation.

In an area, where the hydrogeological conditions are not favorable, the maximum drawdown after nine
(9) months of operation with the largest pumping rate (6.0 m%s) is 25 m.  The average drawdown is
estimated to be around 5 m under the same condition. The drawdown of this degree is considered not
to hinder operation of pumping wells.

Pumping of newly planned wells has little effect on the water table of the Quaternary sediment layers.
(d) Optimum Yield

Average capacity for groundwater production from one well is estimated as 2,000m®/day. Therefore,
total yield from 62 wells can be 1.44m%s, which can be called as planned yield for facilities design.
However, whether this yield is possible or not must be examined from hydro geological view points.
Impact by pumping from 62 planned wells was predicted as shown below:

a) Lowering of the groundwater level of the other existing wells
b) Occurrence of land subsidence of Quaternary formation by lowering of groundwater level

Lowering of groundwater level in Quaternary aquifer by pumping of Alternative-1 (1.0m%s) to
Alternative-6 (6.0m%s) is small and negligible. Conclusion on optimum yield is made as explained
below:

<Impact to existing wells>

Lowering of the groundwater level of the existing well by pumping from 62 planned wells was
predicted as 0.06 to 0.14m, which is small and groundwater use of the existing wells will not be
interrupted. The existing wells are used for agricultural and industrial use. In case of emergency,
public water use for domestic water supply will dominates the other water use. Therefore groundwater
pumping from the emergency wells has higher priority than pumping from the private wells.
Consequently, planned yield of 1.44 m%s is possible from view point of lowering of groundwater
level.
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< Impact on land subsidence >

Planned yield of 1.44 m¥s, is between tAlternative-1 (Im%s) and Alternative 2 (2m?/s) in the analysis,
Analyzed land subsidence by above Alternatives is much smaller than by the other Alternatives. Also,
risk of land subsidence is small, even though considering uncertainly in soil-mechanical data. Thus, it
can be concluded that the planned yield of 1.44m%s is possible from view point of land subsidence.

5.4.3. Water Treatment Facilities

1)

Plan for water Treatment Facility

Optimum plan for water treatment facilities will be formulated basically based upon the following
conditions:

1. The quality of the groundwater in the stratum of the Cretaceous is considered better than that

in the stratum of the Quaternary. The water quality items to be noted in the groundwater are
iron (Fe) and manganese (Mn). Therefore, adoption of Water Treatment System (Alternative
A-2 in Table-2.5-4) to remove Fe and Mn should be examined.

In case the substances that are difficult to be removed by Alternative A-1 (such as high
turbidity, soluble silic acid and so on) are contained in the raw water, the conventional system
(Alternative A-3 in Table-2.5-4) composed of mixing, coagulation, sedimentation, and
filtration will be adopted.

In case the concentration of Fe and Mn can be decreased by mixing the groundwater with
other treated water, the system (Alternative A-1) in Table-2.5-4 combination of chlorination
and mixing with the other treated water, is adopted. The mixing ratio between treated
groundwater and the other treated water is approximately 1 to 9.

Based upon the above-mentioned conditions, four (4) alternatives are proposed depending on the
purpose of water use and water quality of groundwater as shown in Table-2.5-4.

Table-2.5- 4 Alternatives for Water Treatment System for Groundwater

Conditions of raw water quality
In case Fe and Mn are less
In case Fe and Mn exceeds standard value
than standard value
Conditions of water supply
Alternative A-1 | Alternative A-2 Alternative A-3 Alternative B-1
Chlorination

o @ngages of water. Period of emergency water - Conventional I
e distribution network in supply will be about 10 days Chlorination + tem 2 Chlorination
z Bogoté city ) system
.8 Small system
G Chlorination Chlorination
2 (@Damages of water + +
8 Period of emergency water Conventional -
5] conweyance tunnel from ] " . Chlorination
e Chingaza supply will about 9 months | Water mixing with system

9 the other treated Small system

water
Construction costOperation cost Low Medium High Low
Notes: 1. Small system: The system composed of sand filtration (Pressure filtration type).

2. Conventional system: The system composed of sedimentation and sand filtration.

Source. JICA Study Team

)

Sludge Treatment Facilities

Criteria for judgment of adopting sludge treatment systems corresponding to each alternative water
treatment method are shown in Table-2.5-5.
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Table-2.5- 5 Criteria for Judgment of Adopting Sludge Treatment System

Water quality item Design drainage quality alternative Design effluent
. Standard
(Units) A-1and B-1 A-2 A-3 standard
oH i 58-8.6 58-8.6 58-8.6 Water Quality Standards
in Japan
- Less than More than Water Quality Standards
Turbidity (NTU) - 100 1,000 Less than 200 in Japan
Less than Less than 10 Water Quality Standards
Fe (mg/L) i 102 More than 50 (Soluble ferrous) | in Japan
Less than Less than 10 Water Quality Standards
Mn (mg/L) ) 10 More than 50 (Soluble manganese) | in Japan
. No
i\rlecterzsnt])t/ of sludge (No No Yes !
caime drainage)
Notes: 1. Refer to Figure-5.15 for the sludge treatment system.

2. In case concentration of iron in drainage is more than 10 mg/l, installation of thickener should be examined.
Source. JICA Study Team

The concentration of each substance in drainage from the systems of Alternative A-1 and Alternative
B-1 is predicted to fall within the effluent standard of Colombia. Consequently, in this master plan,
sludge treatment systems are not applied taking into account the cost effectiveness against the
construction cost. Therefore, sludge treatment system will be applied only when Alternative A-3 is
adopted.

@)

In this Master Plan, purification and sludge treatment system shown in Table-2.5-6 is finally proposed,
taking into account of quality of raw water, type of treatment necessary and cost-effectiveness.

Selection of Purification and Sludge Treatment System

Table-2.5- 6 Proposed Purification and Sludge Treatment System to be applied in this Study

Proposed system
Content
Item Type of Treatment
Purification Alternative-2 Chlorination+ Small system
Sludge Sludge treatment is not necessary in principle. However, the minimum treatment
Not necessary - - .
treatment necessary must be implemented to prevent impact to natural environment.

Note: 1. Small system: The system composed of sand filtration (Pressure filtration type).
Source. JICA Study Team

54.4.

The fundamental composition of facilities for water transmission and distribution, from the water
intake facilities to the water distribution facilities, for use of the groundwater in the emergency water
supply, is proposed as shown in Figure-2.5-12.

Plan for Water Transmission and Distribution Facilities

Water Distribution
Facility
(Existing)

Water Transmission
Facility
(Proposed)

Water Treatment
Facility
(Proposed)

Water Intake
Facility
(Proposed Well)

Water Conveyance
Facility >
(Proposed)

A 4
A 4

Source: JICA Study Team

Figure-2.5- 12 Composition of Facilities for Water Transmission and Distribution for Use of
Groundwater in Emergency Water Supply

As the composition of facilities for water transmission and distribution, three (3) types of facilities are
planned as shown in Figure-2.5-13 Water supply by use of groundwater is proposed for emergency
case. However, the system by the groundwater is available even for usual water supply.
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Purpose for A . - S
Form | qyansmission/ Facilities composition for water transmission and distribution for use of groundwater
Distribution
Water Conwveyance Water Transmission
Pipe Pipe
Type-1 Regular/ —> f —> o —> /
Emergency —> CL1 11 e =1 i 3
| Check \Al Tibitoc water
Well Pump eC T .
) Water Treatment Plant ransmission
(1-5sites) Pipe 60"
Water Conveyance Wiater Transmission
Pipe Pipe
Regular/ —» &A —
Type-2 Emergency —> CL1 L1 | =1
Well
: Water Treatment Plant Pumn
(1-5sites) Existing Tank
Water Conveyance
Type Pipe Land Transportation
Emergency > [T I*E llllllll*
3 | o=
Wel! Water Treatment Plant Water Wagon Existing
(One site)

Source: JICA Study Team

Figure-2.5- 13 Composition of Water Transmission and Distribution Facilities by Use of
Groundwater

5.5. Management of Well Operation
(1) Well Interference and Yield

Total yield from wells is proposed as 62 x 2,000 m*/day = 1.44 m%s. However, it is necessary to
increase yield from wells, when more water is requested than planned vyield, in case where water
shortage is more serious. In this case, there is a possibility that large lowering of groundwater level can
happen by well interference. Pumping from one well will cause lowering of the groundwater level of
neighboring wells, as shown in Figure-2.5-14.

Lowering of groundwater

well-1 well-2  well-3 well-4 well-5 level by each well

Lowering of groundwater level by well
interference of 5 wells

Source: JICA Study Team
Figure-2.5- 14 Well interference by 5 wells

Therefore, when great amount of groundwater is pumped up from well field, it is necessary to control
yield from each well of the wells field to avoid harmful lowering of groundwater level by well
interference.
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It is planned to pump up 2,000 m*day of groundwater from each wells in average in case of
emergency. When more groundwater is needed, pumping rate from each well should be increased
with different rate.

2 Optimum allocation of yield by well

To increase yield of wells, it is necessary to allocate optimum vyield to each wells. It was examined by
linear programming. Objective and constraint of the linear programming is as follows.

e Objective: To get the maximum total yield from 62 wells.
e Constraint: To make the same lowering of groundwater level of each well.
3 Result of calculation

According to the calculation result, yield of wells should be allocated from 100% to 40% from the end
to the center of well filed.

5.6. Analysis of land subsidence

Land subsidence by proposed project was analyzed as explained below.
(D) Mechanism of land subsidence

Mechanism of land subsidence by pumping of groundwater is as follows.

A shown in Figure-2.5-16 only limited part of Tertiary layer, which has contact with Cretaceous
aquifer, will be influenced by pumping from the Cretaceous aquifer. The other layer will not be
influenced by pumping of the Cretaceous aquifer.

Model for consolidation

Model for analysis of consolidation by proposed project is shown in Figure-2.5-15. Values of reduce
in pore water pressure shown in Figure-2.5-15 was result of groundwater simulation (see section
5.4.2).

Pumping from Cretaceous aquifer

Lowering of water level of
Cretacesou aquifere

Depth of planefl —
well is 300m

<« Impermeable layer to be consolidated

« Compression of confined aquifer

(a)Before pumping (b)After pumping
Source: JICA Study Team

Figure-2.5- 15 Mechanism of Land Subsidence
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, 9 month pumping with 1.4m*/s

Pore water pressue

A
Quat