(4) Water from wells newly developed by the Project in a given
year is to be ready for distribution to consumers in the
. following year.

(5) - Accordingly, revenue generation by the Project is to begin

. in'year 3 and increase annually thereafter as a function of

.increaéing'water production. - Also, revenue increase is to
depend on collection effectiveness. S :

(6) Gross incremental water production. is a function of the
number of newly completed wells and the- expected yield of
each well.

(7) Net incremental water production is a function of groés
water production and ' the expected reductions in water
rlosses. _ : : : -

{(8)- Incremehtal income is a function of net incremental water
production, and the estimated revenue per unit volume of
water consumed. : : - :

(9) Consumption pattern, that is, the distribution of water
consumption among consumer categories is assumed to remain
the same as at present.

6.8.2 Estimation of Income

Income estimation 1s based on the above mentioned
assumptions, some of which reflect the existing INAA operating
characteristics, while some are defined specifically for the
Project. Estimated revenues are calculated as delineated in the
following steps.

(1) Computation cof gross incremental water production

Gross incremental water production by the Project is simply
the summation of water production from wells to be developed
during each of the well construction years, multiplied by the
yields expected from the respective well (Table 6.8.1).

(2) Computation of net incremental water prcductlon
Water losses are assumed at 20%, 25% 30% 40% and 50%.

Accordingly, net incremental water production (gross incremental
water production minus water losses) is assumed at 50%, 60%, 70%,



75% and -80% of gross incremental water production from the
Project (Table 6.8.1). & further assumption is that the net
incremental water production equals consumption.

(3) Estimation of revenues per unit volume of water

The average monthly payment per consumer category is
estimated on the basis of existing average monthly water
consumption, the number of service connection per consumer
category and the current water tariff. The summation of the
average monthly payment per consumer category results in
potential ‘total income. This results in €$5,383,078.44 per
month. ' : ' S S '

On the other hand, total monthly water consumption is
estimated on the basis of average monthly consumption and the
number of service connection per consumer category. This results
in 1,140,342,370 gallons per month, that ig, 4,310,494.16 m® of
water consumed per month. = = - o :

"Finally, the potential revenue per unit volume of water is
estimated by dividing the potential total monthly income by the
total monthly water consumption. Then, the potential revenue per
unit volume of water is obtained by dividing C$5,383,078.44 by
4,310,494.16 m®. 'This results in C$1.2488 per cubic meter of
water, which can be rounded up to C$1.25 per m®. S

The background data for estimating the potential revenue per
unit volumeé of water are presented in Table 6.8.2 showing the
current water tariff, and Table 6.8.3 showing water consumption
and payment characteristics. A :

(4) Estimation of incremental income

The net incremental water production, under different
scenarios of water losses, ig multiplied by C3$1.25 per m®, the
estimated revenue per unit volume of water. The result is’ the
potential income from the Project, that is, total income assuming
a perfect collection of 100% of billings (Table 6.8.4). However,
revenues in reality depend also on collection efféctiveness.
Therefore, two possible rates of collection effectiveness, 75%
and B85%, are assumed. The 85% collection effectiveness is
similar to the 86% achieved by INAA in 1992, while the 75%
collection rate represents the worse-case scenario.

The incremental income from the Project is estimated for the
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85% and 75% collection rates, assuming net incremental water
{saleable - water) of. 80%, 7Yb%, 70%, 60% and 50% of gross
production. The. estimated income is . conservative in the sense
that late accounts are ignored but optlmlstic in the sense that
it presupposes timely payments up to the assumed 75% and 85%
Details are shown in Tables 6.8.5 and 6.8.6.

6.8.3 - Calculation of Financial Viability Index

The financial evaluation of the Project was conducted using
the costs estimated in the corresponding Cost Estimation section
and summarized in Table 6.8.7, and the revenues estimated above.
These two 1tems generated the yearly net cash flows for the
different scenarios during the 30 years of the Project. The net
cash flows served as bases for the of the Project. .The net cash
flows. served as bases for the calculation of the financial
internal rates of return. The cash flows and the financial
internal rates of return for the different scenarios are shown
in Tables 6.8.8 and 6.8.9.

- It should be pointed out that the financial evaluation of
this Project did not follow the usual procedure of estimating the
viability of the "base case" and then conducting the sensitivity
analysis. Rather, several scenarios were delineated by combining
different assumptions on water losses and collection
effectiveness, and then the corresponding financial viability
index was computed. This procedure was selected due to the
uncertainties surrounding the reductions in water losses and the
improvements in collection effectiveness. However, the analysis
is considered to lead to equally valid results

6.8.4 Interpretation of Results

_ The financial internal rates of return obtained under
several assumed scenarios are summarized below.

Finaneial Internal Rafe.ef'Return‘

Saleable Water 85% Collection 75% Collection
- 80% _ 4.95% . 3.12%

75% 4.00% 2.19%

70% 3.00% o 1.21%

60% 0.79% -1.01%

50% -1.84% _ . -3.75%



The most general conclusion is that the rates of return are
guite low. Even assuming an almost unrealistic water loss of
only 20%, combined with a high 85% collection effectiveness, the
resulting financial internal rate of return is a mere 4.95%.
5till, this is the best result under the assumed conditions.

Even under a 25% water loss representing a very satisfactory
operation, the financial internal rates of return are 4.0% for
the 85% collection rate and 2.2% for the 75% collection rate.
If the water loss increases to 30%, the financial internal rates
of return go down to 3.0% for the 85% collection rate and to 1.2%
for the 75% collection rate.

INAA - achieved & dramatic improvement in collection
effectiveness in 1992, bringing it up to 86% of billings in
Managua. If this collection effectiveness can be maintained,;
then - INAA can devote itself to the next significant task of
reducing water losses. The effect of water losses on finances
is quite serious, since the financial internal rates of return
‘become negative when water losses comprise more than 40% for the
85% collection case, and more than 30% for the 75% collection
case.

The low financial internal rates of return imply the need
to exercise extra care in the implementation of the Project. As
wasg stated earlier, there is no guestion that the social benefits
from the Project are great. However, insofar as the financial
internal rates of return are low, the implementation of the
Project should be conducted by carefully searching for lending
agencies that provide especially "soft" financing.

6.8.5 Overall Evaluation

The city of Managua faces a critical shortage of water
supply, which is presumed to continue into the foreseeable
future. The problem originates from the exploding population and
the limitations of the presently used groundwater sources. Due
to the lack of appropriate surface water sources, the goal of the
Project is to satisfy the water demand up to the year 2000
through the development of new groundwater sources.

The choice of development of new groundwater sources is
reasonable since the target area has turned out to be rich in
groundwater of good guality, requiring only chlorination prior
to distribution. The development cof these new sources will



permit the gradual phasing-out of the extremely inconvenient
water supply suspension, which at present affects the Managua
residents tow days a week.

In addition, the increased availability of supplied water
ig presumed to have large health improvement benefits. The
Project will increase the water supply to Managua, with such a
design as to achieve economy in electricity consumption, by
avolding the joint use of well pumps for water extraction and for
water distribution purposes.

Even though the financial internal rates of return of the
Project under different scenarios are quite low, there ig no
doubt that the truly critical shortage of water supply in Managua
requires a swlift solution:. Therefore, in consideration of social
benefits - and associated favorable' ' effects, the immediate
implementation of the Project is highly recommended, especially
if sufficiently "soft" financing can be secured.
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Table 6. 8.1 Gross and Net Incremental Water Production
Hundred Eighty Seventy Seventy Sixty Fifty
(%) (%} five (%) (%) (%)

Year (%)

1 0 t 0 0 0 0
2 0 0 0 0 ] 0
3 1851 1481 1388 1296 1111 926
4 14808 - 11846 11106 10366 8885 7404
5 25914 20781 19436 18140 . 15548 12957
6 34594 276175 25946 24216 20756 17297
7 60634 48507 45476 42444 36380 30317
8 67144 53115 50358 47001 40286 38572
] 87144 - 53715, 50358 47001 40286 33572
10 67144 . 53718 50358 47001 - 40286 33572
11 67144 53716 50358 47001 40286 33572
12 67144. 53715 50358 47001 40286 33512
13 67144 - 53715 50358 47001 40286 33572
14 67144 538715 50358 47001 40286 33572
15 67144 53715 50358 47001 40286 33572
16 57144 53715 - 50958 47001 40286 33572
17 57144 53715 50358 47001 40286 33572
18 67144 53715 50358 47001 40286 33572
19 £7144 53715 50358 47001 40286 33572
20 67144 93715 50358 47001 40286 33572
21 67144 531715 50358 47001 = 40286 33872
22 67144 53715 50358 47001 40286 33572
23 67144 53715 50358 47001 40288 33572
24 67144 5371% 50358 47001 © 40286 33572
25 67144 58715 50358 47001 40286 33572
26 67144 53715 50358 47001 40286 33572
217 57144 53715 50358 47001 40286 335172
28 67144 53716 503358 £§7001 40286 33572
29 67144 53715 50358 47001 40286 33572
30 67144 53715 50358 47001 40286 33572
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Table 6.8.3 Assumed Water Consumption and Payment Characteristics

Average Total Average Total
Number MNonthly MNonthly Konthly Monthly
Consumer Category of Consumpt, Consunpt, Payment Payment
' Connect. Gal. 1000 Gal. 1000 Cordobas Cordobas
Domestic | 80416 8.99 B03349.84 24.04 2149560. 64
Pomestic D BTl 15.64  104334. 44 86.49  576974. 79
pomestic F , 396  11.75 4653 62. 02 24559, 92
Public Standpost 809 36.5 29528.5  103.89 84047, 01
Hulti-family 771 25.13 19837. 83 73. 52 56683. 92
Government 1048 92.18 96604.64 1559.8  1634670.4
Commercial 27172 25. 3817 70325.64  268.56  744448.32
industrial 304 36. 87 11208.48 368.86 112133, 44
Total ° 102187 ' 1140342. 37 5383078, 44
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TAble 6.8.4 Potential income Assuming 100% Collection Rate
Year Hundred Eighty  Seventy Seventy Sixty Filty
(%) (%) five (%) (%) (%)
{%)
1 0 0 0 0 0 0
2 0 0 ] 0 0 0
81 2314 1851 1735 1620 1388 1157
4 18510 14808 13883 12957 11106 9255
5 32393 256914 24294 22675 19436 16196
6 43243 34594 32432 30270 25946 21621
) 75793 60634 56844 53055 454176 37846
8 83930 67144 62948 58751 50358 419685
9+ 83930 67144 62948 58751 50358 . 41965
10 83930 67144 62948 58751 50458 - 41965
1% 83930 67144 62948 58751 50358 41965
12 ] . 83930 67144 62948 58751 50358 41965
13 83930 67144 62948 58751 50358 41965
i4 $3330 67144 62948 58751 50358 41965
15 §3930 67144 §2948 58751 . 50358 - 41965
16 83930 67144 62948 58751 50358 41965
17 33930 67144 62948 58751 50358 41965
18 83930 67144 62948 58751 50358 41965
19 83930 67144 62948 h8751 50358 41965
20 83930 67144 62948 58751 50358 41965
21 83930 67144 82948 581751 50358 41965
22 83930 67144 62948 58751 h0358 41965
23 83930 67144 62948 58751 50358 11965
24 83930 67144 62948 58751 50358 41965
25 83930 67144 52948 58751 50358 41965
26 83330 67144 62948 581751 50358 41965
21 83930 67144 62948 58751 50358 41965
28 33930 67144 62948 58751 50358 419658
29 83930 67144 62948 58751 50358 4196%
30 343930 67144 62948 58751 50358 41965




Table $.8. 5 Estimated Income with 85% Collection Rate

Eighty Seventy Seventy Sixty Fifty

(%) Five {%) (%) (%)
Vear (%)
1 0 0 0 0 0
2 0 0 0 0 0
3 1573 1475 1371 1180 984
4 12587 11800 11013 8440 1867
5 22027 20650 19274 16520 13761
6 29405 275617 25729 22054 18378
7 51539 48318 45097 38654 32212
81 . 57072 53505 49938 42804 35670

9 97072 - 53505 49938 42304 35670
10 57072 53505 49938 42804 35670
11 57072 53505 49938 42804 35670
12 57072 83505 19938 42804 35670
13 57072 53505 49938 42804 35670
14157072 93505 49938 42804 35670
15 51072 53505 49938 42804 35670
16 57072 53505 49938 42804 - 35670
17 57012 53505 49938 42804 35670
18 57072 53508 49938 42804 . 35670
19 57072 33505 49938 42804 35670
20 57072 23505 49938 42804 35670
21 57072 . 53505 49938 42804 35670
22 57072 53505 49938 . 42804 35670
23 97072 53505 49938 42804 . 35670
24 57072 6350% 48938 42804 35670
25 57072 - 53505 49938 - 42804 . 35670
26 57072 . 53508 49938 42804 35670
21 57072 53505 49938 412804 35670
28 57072 53505 49938 42804 35670
29 57072 53505 499338 42804 35670
30 57072 53505 49938 42804 356670




TABLE 6.8. 6  Bstimated Income with 75% Collection Rate

Year Eighty  Seventy Seventy Sixty Fifty
(%) Five (%) %) - (%
o
1 ] 0 [} ) 0
2 ] 0 0 0 0
3 1388 - 1301 1216 1041 868
4 11106 10412 9118 - 833D - 6941
51 19438 18221 17006 14577 12147
6 25946 24824 22102 19459 16216
1 45476 - 42633 39791 34107 © 28472
8 50358 47211 44063 37769 31474

81 30358 47211 44063 . 37769 31474
10 50358 47211 44063 37769 31474
11 50358 47211 44083 - 37769 . 31474
12 50358 47211 44063 87169 31474
13| 50368 47211 44063 37769 31414
14 50358 4721t - 44063 37769 31474
15| 50358 47211 44063 37169 - 31474
16 50858 47211 44063 87769 31474
i1 50358 4711 44063 - 37769 31474
138 50358 47211 44063 37769 31474
19 | 50358 = 471211 44083 37169 31474
20| 50358 47211 44063 37769 - 31474
21 50358 41211 44063 37769 31474
22 50358 47211 44063 31769 31414
23| 50358 47211 44069 37169 314714
24 50358 47211 44063 37769 31474
25 50358 41211 44063 37769 31474
26| 50368 47211 44063 - - 37768 31474
21 50358 47211 44063 37769 31474
28 50358 41211 £4063 37769 31474
29 50358 47211 44063 37768 31474
30 50398 47211 44063 37769 31474
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able 6.8.7 Estimated Costs of the Project

Year invest. Replac. 0 & N Total
Costs Costs Costs  Costs
i 7093 - - 7093
2 32784 oo - 32784
3 94425 - 802 95227
4 78884 - 4407 83201
5 54449 - 1343 61792
61 143678 = - 8566 152244
71 150836 - 1431t 165147
8 - - - 15592 15592 |
9 - - 15592 15592
10 - - 15562 15592
§1 - - 15502 . 15592
12 - - 15592 15592
13y - - 15592 15592
14 - - 15592 15592
5 - - 15502 15592
16 - - 15592 16592
17 - - 15592 15592
8y - © 1953 15592 17545
19 - 5859 15592 21451
20 - 5859 15592  -21451
21 - 9400 15592 24992
22 - 28200 15592 43792
231 - 7050 . 15592 @ 22642
24 - - 15592 15592
25 - - 15592 15592
26 - - 155492 15542
27 - - 15592 15592
28. - - 15692 15592
29 - - 15592 15592
30 - - 15582 15592




Talble 6.8.8 Cash Flow Assuming 85% Collection Rate

Year Eighty Seventy Seventy Sixty Fifty
(%) - Five ® & &9
(%) : .
-T093 0 -7093 - -7093  -T7093 -7093
L -32784 - -32784 32784 -32784  -32784
-03654  -93752  -03850 © -04047 -94244
=70704  -7TH91 72278 -73851  -75424
39765  -41142 42518  -45272  -48025
-122839 -124677 -126515 -130190 --133866
-113608 -116829 -120050 . -126493 -132935
41480 37913 34346 27212 20078
. 41480 37913 34346 © 27212 20078
101 41480 37913 34346 27212 20078
10| 41480 37913 34346 27212 . 20078
12| 41480 37913 34346 27212 - 20078
131 41480 31913 34346 27212, 20078
14 | 41480 37913 34346 27212 20078
15| 41480 37913 34346 27212 20078
16| 41480 . 37918 34346 27212 20078
17.1°. 41430 37913 34346 27212 20078
18] . 39527 35960 32303 25259, 18125
19| 35621 32054 . 28487 21353 14219
201 35621 32054 . 28487 21353 14219
211 32080 . 28513 24946 17812 10678
22| 13280 9713 6M46 ~988 -8122
23| 34430 30863 27296 201862 13028
24| 41480 37913 - 34346 . 27212 20078
251 41480 37913 34346 27212 20078
26 | 41480 37913 34346 27212 20078
2T 41480 - 37913 34346 27212 20078
28| - 41480 © 37913 34346  27212° 20078
25 [ 41480 37913 34346 27212 20078
301 41430 37913 34346 27212 20078

FIRR 0. 049501 0. 040004 0. 030001 0.007936 -0. 01844
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Table 6.8.9 Gash Flow Assuming 75¥% Collection Rate

Vear Eighty Seventy Seventy Sixty Fifty
(%) Five (%) (%) (%)
(%)

1 -7093 ~-7093 -7093 -7093 ~-7093
2| -32784 -32784 -32784 32784  -32784
3 1-93838.7 -93925.5 -94012.2 ~94185.8 -94359.3
4 12185 -72879.1 -73573.2 ~74961.5 -76349.7
S 42356, 5 -43571.2 -44785.9 -47215.3 -49644. 38
6 -126298, -127920. -129541. -132784. -136028.
T -119671, -122513. -125355. -131040. -136724.
8 34166 31618.62 28471.25 22176.5 15881.1%
9 34766 31618.62 28471.25 22176.5 15881.175
10 34766 31618.62 28471.25 22176.5 15881.175
11 34766 31618.62 28471.25 22176.5 15881.175
12 34766 31618.62 28471.25 22176.5 15881.75
13 34766 31618.62 28471.25 22176.5 15881.175
14 34766 31618.62 28471.25 22176.5 15881.179
15 34766 31618.62 28471.25 22176.% 15881.175
16 34766 31618, 62 28471.25 22176.5 15881.15
17 34766 31618.62 28471.25 22176.5 15881.75
18 32813 29665.62 26518.25 20223.5 13928.75
19 28907 25759.62 22612.25 16317.5 10022.75
20 28907 25759.62 22612.25 16317.5 10022.15
21 25366 22218.%2 19071.25 12776.5 6481.17%
22 6566 3418.625 271.25 -6023.5 -12318.2
23 27716 24568.62 21421.25 15126.5 8831.7%
24 34766 31618.62 28471.25 22176.5 15881.15
25 34766 31618.52 28471.25 22176.5 15881.75
26 34766 31618.62 28471.25 22176.5 15881.75
21 34766 31618.62 28471.25 22176.5 15881.175%
28 34766 31618.62 28471.25 22176.5 15881.75%
29 34766 31618.62 28471.25 22176.5 1588:.175
30 34766 31618.62 28471.25 22176.5 15881.175
IRR 0. 031207 0.021934 0.012075 -0,01006 ~0. 03747

6-54






CHAPTER 7 GROUNDWATER MANAGEMENT PLAN

Groundwater development, by deep tube wells, in the Study
Area was practically started in the 1970s and has been increased
rapidly from the middle of the 1980s. The pumped water is used
mostly for drinking, and partially for irrigation and industzry.
However, the water right on the groundwater is not clearly
established in Nicaragua. This implies lack of enactment or
enforcement of a general legislation on water resources, or a
specific law on groundwater. In other words, groundwater
development has proceeded without giving due con31derat10ns to
the fundamentals of groundwater management. '

Groundwater has been the only usable water resource in the
Study Area. As such, haphazard and excessive drllllngs were
conducted in the 1980s due to the rapid expansion of the Managua
City. Consequently, over-pumping is presumed to exist in some
of the city areas, and the problem of decreased productivity of
wells is evident in some areas.

Therefore, the rational management of groundwater résources
based on the scientific approach, and groundwater development
under the concept of "permissive yield" is perhaps the most
significant action that can be taken until alternative water
sources are developed.

The groundwater management plan must be established in order
to protect and utilize effectively this vital resource, seeking
to satisfy the rapidly expanding demand forecasted in Managua
City until the year 2000.

7.1 Basic Policy
7.1.1 Relevant Concepts
‘As discussed in Section 5.1, available pumping discharge is
termed ‘as "permissive yield", which is the amount determined by
the following factors. :
" (a) Economic factor
This factor reflects the adverse effects from pumping,
like dry well,  increasing punmping cost, land

gubsidence, groundwater contamination and groundwater
salinization by the declining groundwater level.



(b) Natural water balance factor

This factor refers to the possibility of continucus
pumping without causing special adverse drawdown, as
determined by the natural recharge capacity of the
area.

In the case of the Study Area, the following measures are
recommended from the viewpoint of effective utilization of
limited resources.

(a) The pumping yield shoéuld be. restricted by the natural
recharge value, which can be scientifically estimated.

(b) Even in the secondary balance condition under extraction,
the groundwater level should not be lower than the water
‘level of Lake Managua,'in order to protect the groundwater
from intrusion of contaminated lake water.

{c) The adverse effects on existing 'tube well shoﬁld be
minimized.

Qd) The iange of thé.dyﬁamic water level of -the wells located
within 2 km from Lake Managua should be specially
controlled

7.1,2 Priority in Groundwater Use

Accbrding to the roughly calculated water balance, . the
central hydrogeological sub-basin faces the over-pumping problem,
and the eastern hydrogeological sub-basin can be developed but
without the potential to fully satisfy the demand -in the year
2000. This evaluation is still tentative because many
assumptions used in the simulation model were rough estimations.
This implies the need to review the results of the water balance
analysis with the input of more precise and newly collected data
from_additiqnal monitoring, which is to.be conducted under the
groundwater management plan.

In order to set priorities in the utilization of waterxr
resources, the water right concept is most important. For
example, in the case of the USA, the National Conference of
Commissioners on . Uniform State Laws prepared the Model Water Use
Act of 1958 through the Special Committee for Model Conservation
and Water Resources Act. . This model act states that all the



water resources are for public use, and the Water Resources
Commission is the authority in charge of all the management and
regulation of water resources.

From the viewpoint of utilization of water resources,
drinking water is given the highest priority. In this regard,
the organlzatlon undertaking public supply of drinking water is
authorized to take the necessary amount of water from all the
water sources.

In the case of Nicaragua, preparation.and enactment of a
Water Resources. Law, including groundwater, is urgently needed
becauge of the expected rapid population growth around Managua
City, while groundwater resources are increasingly scarce.

In the absence of a. water leglslatlon the. following
recommendatlons are valld for the present; and, the near future in
the Study Area.

(1) The groundwater use for irrigation and JAndustry should not
be increased more than the existing level in the central
~-and -eastern. Managua hydrogeological sub-basins. In the
.case of exceptional installation of new industrial plants
.in, the said sub-basins, water for the . industry . is
recommended to be purchased from INAA, rather than allowing
the drilling of own wells.

(2) The groundwater level in the spring zone around the lowland

in Sabana Grande will be affected by the development of new

- wells in the upper area. However, water utilization in the

 area is almost exclusively for recreation and irrigation,
thereby justifying some decrease in the spring flow.

7.1.3 Water Saving

It is extremely important to undertake practical actions on
water saving in the Study Area, Water saving actions should
concentrate Qn.twq_aspects one of Wthh is to decrease water
conVeyanCe loss ("physical loss"), and the other is to prevent
wasteful water use in the household ("non-physical loss").
(1)H”"Physiqg1”‘ioss or leakage is reflected. in increased unit

-cost of . production. This type of loss is to be countered

.with the rehabilitation program of. the pipeline and storage
tanks, in addition to the installation and repair of meters
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to accurately measure water'ﬁroduction.

(2)' "Non-physical" loss refers to water consumed but not paid
for, and is reflected in lost revenues. This type of loss
is to be countered with thé following'three actions}

1.

Installation or repair of water meters appropriate to

- each consumer category.

Consumer education to encourage good quality plumbing
works, and to prevent misuse of water.
This campaign should involve not only INAA but also

the Ministry of Education and the Ministry of Health.

Progressive water tariff, that is, water charges that
rise with increasing consumption blocks.
This is the tariff structure prevailing at INAA.

7.1.4 Groundwater Pollution and Future Water Source

Once the groundwater is contaminated, water use has to be
compietely stopped.  Because of the strict quality requirement
of drinking water, it is important that the aqu1fer be protected
from any kind of contamination.

From the above viewpoint close attention should be paid to
the following areas.

(1)

(2)

(3)

Sabana Grande - Veracruz area is preésently used as
agricultural land. Then, groundwater contamination by
agricultural chemicals is a distinct possibility.
Therefore, pericdic water gquality analysis is
recommended to continue into the future.

Lake Managua is considered as a very important water
source for all the potential areas in the eastern
hydrogeological sub-basin. Therefore, the waste water
should be treated before being dlscharged into the
lake

Lake Nicaragua is expected to become the dominant

‘water source in the future. It is therefore strongly

recommended to regulate the Waste water presently
drained into the 1lake, and to undertake the water
quality monitoring. - -
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7.2  Groundwater Management
7.2.1  Groundwater Management Target Area

The management target area is the Study Area, including the
Managua central and eastern hydrogeological sub-basins, and parts
of the western sub-basin. The wastern hydrogeological sub-basin
has to be hydrogeologically investigated in the Los Brasiles
area, and the formulation of a separate groundwater flow model
is recommended. Each basin has to be treated as an integrated
hydrogeological basin because all the human activities influence
the aquifer.

(a) Central hydrogeological sub-basin

This sub-basin is the area where groundwater use is to be
regulated because of the presumed overpumping.

(b} Eastern hydrogeological sub-basin

‘This sub-basin is the area to be developed as the new water
source for drinking water. The recharge zone for this sub-
basin is important and should be protected from any harmful
activities. : 4

7.2.2 Tentative Pumping Restriction

The basic ideas on the pumping reduction plan were simulated
and discussed in Chapter 5. Hence, only tentative regulation is
discussed here.

The most important target of reduction is the pumping at
Lake Asososca, because once waste water intrudes into the lake
water and makes it unsuitable for drinking, one-third (in 1991)
of water supply source for Managua City has to be stopped.
Pumping dlscharge from the Lake was reduced from 67,000 m®/day
(average in 1991) to 55,000 m®/day (average in April 1992). It
is difficult to clearly ascertain the effects of this pumping
reduction on the recovery of the lake water level, because of the
continuous drought in recent years and the shortage of new data.
Future monitoring results and rainfall data should be con51dered
in evaluating the recovery of the lake water level

The groundwater level in the central area of Managua City
is also predicted to decrease, if the present pumping rate



continues and rainfall is normal. However, the detailed behavior
in this area has not yet been clarified. Therefore, pumping
control in this area should be considered in conjunction with
monitoring results, which will be discussed later.

7.2.3 Monitoring Program

» Monitoring is a very important factor for the groundwater
management, because all the countermeasures can be devised
accqr&ing to the newest condition as revealed by monitoring
results. ’

Basically, all the meteorological records shown in Section
4.3, were collected from INETER. During the course of the Study,
five. automatic water level. recorders and a rainfall gage were
installed. -Monitoring by using these eguipments has been
conducted by INAA counterpart team, who periodically has
collected and interpreted data from analog to real records.
Additionally, water levels of more than 40 wells were measured
during the dry and the rainy seasons, .as simultaneous survey,

All the pumping discharge records maintained by. INAA were
collected from the Maintenance Section. The pumping discharge
of private wells was estimated based on the interview survey.

Reviewing the approach used for data collection in the Study
Area, the following monitoring program will be required.

{1) Rainfall

Daily rainfall data should be collected around La Concepcion
and Sabana Grande-Veracruz in order to obtain a more accurate
estimation of areal rainfall.

{(2) Water Level

Continued monitoring of. groundwater levél is most
significant for groundwater management, because existing data was
not enough to fully understand the real groundwater movement. .
Consequently, - results from groundwater level: monitoring. will
permit the review and: modification of the assumptions  in the
simulation model. And, the groundwater management plan:should
be modified according to simulation results obtained from revised
assumptions.



The following additional sites for the monitoring of the
groundwater level are suggested.

{a) Near Lake Managua .

{b) Between lake Asososca and the industrial zone

(c) Areas where no monitoring equipment exists, but where
data are required from the hydrogeclogical viewpoint

Fig. 7.2.1 shows the location of the existing monitoring
system, and the recommended points for monitoring rainfall and
groundwater level,

(3) Water Quality

- Water quality m@nitoring of the iakes, pumping stations and
selected points of the distribution system has been periodically
conducted since 1990 by the INAA O/M Department.

Water quality monitoring acquires special importance in
reference to the possible intrusion of waste water into the
groundwater aquifer of Lake Asososca. Periodic observation, and
a weekly or monthly water quality analyses, will be required for
lake Asososca and some wells between the industrial area and the
Lake. Water samples from some monitoring points. used during the
Study ére_also_recommended to be analyzed annually.

{(4) Groundwater Use Survey

The lack of discharge meters in 1INAA's production wells
makes . uncertain the basic  fagtor in- hydrogeological
investigation, that is, water extraction data, thereby making
tehtative even the résultslfrom simulation analysis. Therefore,
accumulative discharge and pressure meters should be installed
in all the wells and other necessary points of. the distribution
line, in order to grasp the pumped production.

Additionally, the pumping discharge data of private or
public wells for industry, agriculture and domestic use are also
to be collected. The pericdic reporting on water consumption
will be required under legal provision, in the case of consumers
pumping more than a sgpecified amount.



7:2.4 Sub-studies (Sub-projects)

The following sub-studies are considered to be tentatively
necegsary, on the basis of the above mentioned monitoring data.

(1) Groundwater Contamination Survey

Groundwater contamination survey should be started as soon
as possible in the areas around lake Asososca and the southern
side of Lake Managua. This study is to be composed of the water
guality analysis and the groundwater flow analysis.

(2) Review of the Simulation Analysis

As described in Chapter 5, the simulation analysis was
conducted based on many roughly estimated assumptions. It is
strongly recommended to review all the parameters employed in
this simulation analysis after 2-3 vears, with the addition of
the above mentioned monitoring data.

(3) Establishment of New Models

In this Study, the whole Study Area was modeled as one
gsimulation area. When detailed groundwater level records and
other field data become available from the above suggested
monitoring program, it is recommended to establish sub-models
representing smaller areas, such as Lake Asososca and Sabana
Grande sub-models.

{(4) Recharge Analysis

Recharge analysis should be conducted by using the data from
daily rainfall and daily groundwater level in the Central and
Eastern hydrogeological sub-areas, after collecting monitoring
data for 2-3 years. The tank model or some other metheod, which
can consider the water balance in the soil condition, is
recommended for the analysis.



7.2.5 Time Schédule

The groundwater management 1s to be implemented in the
following phases.

- (a)

Phase I

All wells, except for small shallow wells for personal
use, are to be registered in the well inventory, along
with the corresponding data on water level, water
quality and quantity. These data serve as bases for
hydroiogical studies, which will yield an evaluation
on present problems.

The evaluation results from hydrological studies will be
used to classify the groundwater management area into sub-areas,
for each of which tentative targets will be set concerning the
permissible yield and the quality of water.

(b)

(c)

Phase II

Groundwater use under the tentative target is to be
reduced through rationalization of existing
operations. The monitoring system is to be improved,
and all the results are to be integrally evaluated.
The targets of permissible yield and water quality are
to be clearly defined. '

Phase 111

Monitoring and regulation are to proceed contihuously.

In this phase, the original problems will have almost
ceased to exist. Otherwise, new and more stringent
targets will have to be set.
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Based on the above considerations, the tentative management
schedule will be as follows, with appropriate adjustments
according to monitoring results, '

1993-1994

Establishment of the monitoring system
Establishment of the water resource (groundwater)
management commilttee

Rehabilitation project

Extraction from Lake Asososca at present level

Establishment of a tentative regulation plan .
according to monitoring results

1995-1999
Development project in Ticuantepe & Sabana.Grande

' Evaluation of the final develdpﬁént scale in the
Study Area ' ’

Review of the. tentative regulation plan.
Establishment of the final regulation.plan
Regulation in some parts of the area

2000~ R '
Development of the full groundwater potential
Establishment of the full scale control under the

Groundwater Management Plan
(Regulation of Groundwater Management)
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7.2.6 Organization

Groundwater-manﬁgement in the Area is recommended' to be
unified under one committee, with members representing concerned

organizations. This is: because groundwater resources are
utilized not only as drinking water but also for industry and
agriculture, in Managua City and other surrounding

municipalities. . INAA should have the leading role in this
committee for the investigation, observation, analysis and
evaluation of groundwater. '

INARA, INETER and IRENA are the main government institutions
with responsibilities for natural resources in Nicaragua.
TNAA iS:in:charge of the particularly difficult responsibility
to develop water sources and supply drinking water to the
Nicaraguan people, through the rational utilization of scarce
water resources. From this viewpoint, INAA is recommended to
head the Executive Management Committee, which is to be composed
of representatives from INAA, INETER and IRENA.

Legal Basis

Groundwater management regulation Nicaragua
Managua

Executive Management Committee

Groundwater Management Committee INAA
INETER
IRENA

Management Office

Management Office

Executive Staff INAA

Main Jobs

Groundwater Development Research

Permit and Registration of New Well Drilling
Management of the Monitoring System

Control of the Pumping Discharge

Reservation of the Groundwater Recharge Area
Water Quality Control
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7.3 Alterﬁative Water Scufees

.ACCording-to the results of rough water balance analysis and
demand estimation, it 1is strongly recommended to. develop
alternative water sources as early as possible.  Two’ possible
alternative water sources for Managua Clty are as follows.

(1) Groundwater development in Tisma-Granada Area

(2) Water conveyance project from Lake Nicaragua
Detailed contents of these projects are mentioned in Chapter 8.
Early monitoring of groundwater level, river discharge and

rainfall is recommended before start of detailed 1nvest1gat10ns
as specific projects. :
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CHAPTER 8 CONCLUSIONS AND RECOMMENDATIONS

8.1 Conclusions
8.1.1. Hydrogeological Condition of the Study Area

The Study Area covers the catchment area of the "South of
Managua Lake" and has a total area of 880 km?. It is divided
into three hydrogeclogical basins, namely the western sub-area
(65 km? and more to the north), the central sub-area (245 km?)
and the eastern sub-area (570 km?). The hydrogeology of this
area, being situated in the southwestern margin of the Nicaraguan
Depression and covered by thick sediments of various volcanic
materials, 1is generally good in view of topography, geology and
recharge condition, especially the eastern sub-area which is
considered particularly good for groundwater development.

8.1.2 Groundwater Development Potential

The groundwater development potential of the Study Area is
estimated approximately at 158.5 million m*/year (114.72 MGD),
and the distribution of this potential in the three sub-areas is
as follows:

Sub-area Potential of groundwater development/
Permissible amount of groundwater development

Western

Sub-area 8.9 million m*/year (6.44 MGD)
Central .

Sub-area 41.6 million m®/year (30.11 MGD)
:Bastern . : o '
Sub-~area 108.0 million m®/yvear (78.17 MGD)
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8.1.3 Pumpage from the Study Area and Groundwater Balance

The total pumping discharge of groundwater from the Study
Area as of 1991, including pumpage from Asososca Lake, amounts
to 111.78 million m*/year (80.91 MGD). The remained development
potential in the entire Study Area, therefore, is 46.72 million
n’/year (33.81 MGD). However, the figures depicting "balance”
differ in the three sub-areas, as shown below:

Sub-area Discharge - Remaining groundwater

{pumpage) as of development potential
1991 . . (Balance)

Western . 3.11 million m?/year ‘4,19 MGD -

Sub~area - (2.25 MGD)

Central 69.45 million m’/year -20.16 MGD

Sub-area (50.27 MGD) : -

. Eastern . 39.22 million m’/year - .. - 49,78 MGD

Sub-area (28.39.MGD)

The negative potential of the central sub-area indicates
over-pumpage which has caused the drawdown .cf the groundwater
level around the area as well as that of Asososca Lake, resulting
in fear of water quality deterioration due to the intrusion of
the contaminated water of Lake Managua. :

B.1.4 Water Production by Water Use Category as of 1991
and Water Demand in 2000

As of 1991, developed groundwater has been used for various
purposes and is expected to be of further-use in the future also.
The total amount of water produced in the Study Area as of 1991
is 80.91 MGD and the estimated total demand in 2000 is 150,05
MGD. These figures indicate that the amount of groundwater to
be further developed in the area {(a maximum of 114.72 MGD) will
not be able to cover the total demand in 2000, even if it is only
limited to supply for the demand in the present Managua water
supply system.



The breakdown of production as of 1991 and demand in 2000
by category of water use is as follows:

Water Use Production as of ‘Bstimated Demand
Category 1991 in 2000
Managua Water Supply 70.94 MGD 138.88 MGD
Municipal /Rural

Water Supply 4.81 MGD 6.01 MGD
Industrial Use 4.26 MGD 4.26 MGD
Agricultural Use 0.90 MGD 0.90 MGD

8.1.5 Balance between Development Potential and Demand in
2000 in the Managua Water Supply Scheme

If the demands of other water use categories were previously
subtracted from the total groundwater development potential, the
remaining potential will be only allocated for Managua Water
Supply to clearly determine the balance bhetween the demand in
2000 and the groundwater potential as shown below:

Potential allocated Demand
Sub-area to Managua Water in Balance
‘Supply in 2000 2000
Western S.A. -
(District 1) 6.44 MGD 9,15 MGD -2.71 MGD
Central |
S.A. iDistrict. 25:85 MGD
et B e : 129.73 MGD ~ - -32.62 MGD
Eastern [2-6 " 71.26 MGD
S.A. ! '

8-3



B.1. 6 Permissible groundwater to be developed in the Study
Area as Managua Water Supply Source

Since some groundwater amount has already been developed in
each of the sub-areas by 1991, the estimated remaining potential
i1s as follows:

Sub-area Development Amount Remaining Pevelop-
Potential developed ment Potential
by 1991 after 1991
Western 6.44 MGD 2.25 MGD 4.19 MGD
Sub-area
Central | _ .
Sub-area 25,85 MGD 46.01 MGD ' -20.16 MGD
Eagtern i . . : _ . : _
Sub-area 71.26 MGD. ' 22.68 MGD _ 48,58 MGDh

8.1.7 Formulation of the Groundwater Development Project
for the Water Supply for District 2 to 6

Based on the results of both groundwater and supply'system
related studies, the groundwater development project intended to
meet the demand in 2000 was formulated as a part of this Study.

Since the remaining groundwater development potential of the
Study Area is not enough to cover the demand of the target year
2000, the objectives are expected to be achievable through the
development of groundwater outside of the Study Area.

The project is to be implemented in three phases, and the
following outputs are expected from each project phase:

Phase 1: By the development of 18,74 MGD of groundwater .from
one of the two promising areas (North Ticuantepe) in
the eastern sub-area, severe inconveniences such as
periodical water suspension and very limited supply to
highly elevated areas will be minimized.
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Phase 2:

Phase 3:

‘By the full development of the remaining potential of

29.84 MGD of groundwatexr in. the other promising area
(Sabana Grande) in the eastern sub-area, the average
daily supply of water per head for domestic use will
be increased from 170:1/c/d to 208 l/c/d leading to
the wattalnment of more than 90% of the project
objectives,

The development-potential in the eastern side of the
Study Area is unknown. Therefore, this study is
necessary in order to formulate a detailed plan. The
regquired amount of water to be produced by the
supplementary sourcaes to meet the demand in 2000 is
12.46 MGD, but to replace the amcunt excessively

pumped up at the central sub-~area, 12.46 to 32.62 MGD

of groundwater is to be developed in this phase.

8.1.8 Project Cost Estimate

‘The total cost for the implementation of the Project is
egtimated to range from C$ 748 million +to C$ 1,053 million.

The cost for each project phase 1s estimated as follows:

Phase 1:

Phase 2:

Phase 3:

C$ 210 million for the construction of 14 wells at
North Ticuantepe and a conveyance system connected to
the Las Americas No.4 reservoir, including the
installation of 2 sets of 11,000 m® reservoir tanks.

C$ 349 million for the construction of 19 wells at
Sabana Grande and a conveyance system connected to the
Las Americas No. 4 reservoir, including the
installation of 2 sets of 15,000 m® reservoir tanks.

Between C$ 189 million and C$ 494 million for the
development of 12.46 to 32.62 MGD of groundwater
outside of the S8tudy Area and the construction of a
cOnveyance system and reservoir tank, including
expenses for the execution of a development study.
The Phase 3 project cost has been roughly estimated
assuming a unit development cost 1.4 times higher than
that in Phase 2.



8.1.9 Operation and Maintenance Cost for the Facilities
Constructed in Phase 1 and Phase 2

The annual operation and maintenance cost for facilities
constructed in phase 1 and 2 is estimated at C$14,318,000,
referring to a unit production cost -of (8$0.21 per cubic
meter/day.

8.1.10 Project Evaluation

The financial evaluation of Phases 1 and 2 of the Project
indicates that the Project is hardly regarded as "feasible",
since FIRR is only 4% under assumptions of such conditions as:

(a) Favorable sold water: 75% of production
(b) Water charge collection rate: B85%

However, in consideration of great social benefits and
asgsociated favorable effects by the Project, the immediate
implementation of the Project is highly recommended;  if a
sufficiently "soft" financing can -be secured.



8.2 Recommendations
8.2.1 General

In order to improve the present water shortage condition in
the Managua water supply system, the Project should be urgently
implemented. INAA, the erecuting body of the Managua water
supply system, is responsible for upgrading the supply system
worthy of that of the capital city of Nicaragua.

Groundwater is a valuable natural resource, especially for
the Managua water 'supply system. Since Managua City nearly
covers one third of the total population of the Republic of
Nicaragua, the water supply scheme for its capital city should
be recognized as a national project. Accordingly, laws and
regulations on groundwater development and management should be
formulated, mainly.to protect the water supply sources in and
around Managua. : .

Previous to or simultaneocus with the implementation of the
Project, the mitigation of excessive pumpage in the central sub-
area should be taken into consideration in order to elimiriate the
fear of water quality deterioration due to the intrusion of the
contaminated waters of Lake Managua. The mitigation of excessive
pumpage is to be attained not only by the reduction of pumpage
from Asososca Lake, but also by reducing or preventing increase
in pumpage from the wells in the central sub-area.

8.2.2 Groundwater Monitoring and related Studies
{1) Groundwater Monitoring

In order to establish the groundwater management system, the
groundwater monitoring should be started as soon as possible.
Excessive pumpage in the central sub-area will undoubtedly have
to be minimized soon. To determine when and how the reduction
of excessive pumpage in the central area is achieved, groundwater
discharge, groundwater level, water quality and rainfall in the
catchment area should be continuocusly monitored., Flow meters
should 'be - attached to all wells to ensure the monitoring of
groundwater discharge by well pumps. Additional rainfall gauge
should be installed also in Sabana Grande to strengthen the
rainfall gauging network.



By use of the data collected from the monitoring work, the
review of the groundwater flow simulation should be conducted.

(2) Groundwater Development Study in the east of the Study Area

In order to formulate the groundwater development plan for
the Phase 3 of the Project, the Study which cover the area from
the east of the Study Area to the Lake Nicaragua should be
conducted before the completion of the Project.

The items-to be involved in the Study is as follows;

- Hydrological and hydrogeologlcal surveys to confirm the
groundwater development potential.

- Groundwater use especially ' on agricultural use, since
agricultural production activity is widely developed in
- this area

- Water quality.focusing on chemicals for the agricultural
use '

(3) Groundwater development study in the north of the western
sub-area

The independent supply area, District 1, is obliged to
remain as independent supply area in the Ffuture due to the
presumable non-cost-effectiveness of the water transmission from
the east.

Since the shortage of supply source in. the near  future is
forecasted, the Study area should be expanded to the north to
cover the entire catchment area of the western sub-area.

(4) Feasibility Study on the water of the Lake Nicaragua as the
source of Managua water supply

The feasibility study on the Nicaragua Lake water ‘is
recommended to be conducted simultaneously with above Study(1l).
The supplementary water source to meet the demand of 2000 may be
developed from the east of the Study. Area, however, it will
become insufficient within several years after 2000, even though
the demand increase is decelerated.



{(5) Stuff Training

Groundwater development has its own comprehensive technology
and the component technology are far-reaching thus vast knowledge
and experience are essential, Consequently, a necessary
condition for the groundwater engineer is that he/she possesses
as the technology which corresponds to the specialized fields of
groundwater exploration, well drilling, pumping test,
quantitative analysis, development and monitoring. In the
future, it is expected that the concerned agencies cheoose the
proper personnel for the detailed design stage and the
construction stage of the project in order to improve the level
of the engineering staff through on-the-job training.

8.2.3 Water supply facility related
(1) Release of the well pumps from overload

In order to make higher of the well pump efficiency, the
pumped water should once be stored in the storage tank beside the
well group, without being connected directly with the
transmission or distribution pipes of the Managua water supply
system.

(2) Increase of the capacity of the reservoir tank

Since the total capacity of 7.5 hours retention time is too
small in the existing system, the increase of the capacity by
construction of new reservoir should be ‘involved in the
rehabilitation or improvement program on the supply system.

(3) System improvement on Rafaela Herrera pump station

The pump station of Rafaela Herrera seems to be particularly
overloaded. The system of the water +transmission system,
therefore, is an urgent necessity. The installation of the
reservoir tank is suggested to be one of the solution of the
overloaded problen.

{4) Reduction of leakage

The effort to mitigate the water leakage should be continued
in order to effectively use the limited source.
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