unit: m.s.n.m.

Lake Elevation Mean Mean
(m.s.n.m. ) Depth(m) Area(km?)
Managua 36.27 7.8 - - 1016
Tiscapa 48,53 7.0 0.13
Nejapa 42,49 0.3 0.95
Masaya 120.72 48.7 8.34
Agsososca 36.5 75.0 - 0.73
Apoyo 72.23 - 21.4

Lake Managua is located North of Managua City and is
basically connected with Tipitapa river and Lake Nicaragua, the
latter being the biggest lake in Central America. Water inflow,
however, is normally not observed in this river due to the
absence of inflowing and outflowing rivers.

Given this condition, the variation in the water level of
the lake is discussed in the groundwater level section.

Lake Asososca is very important to Managua City as its
source of drinking water. The problems on water level and
pumping discharge are mentioned in the next section.

{3) Spring

A big spring zone can be found in the Sabana Grande low land
area, as mentioned in Section 4.1, and the Tisma Area. Spring
elevation almost corresponds to S50-60 m.

Mocuana river is the only perennial river in the Study Area
and its water originates from the groundwater recharged by the
mentioned spring zone. ‘

4.3,.2 Stream Flow

All the rivers in the Study Area are basically dry except
during the rainy season, and yet their flow does not last long
even in this season - this is the so called flash-out condition.
By this reason, invastigatidn'on annual runcff - direct outflow
amount in the lakes was not accurately conducted, except for some
short term studies.

Mocuana River, in the northeastern part of the Study Area,
is a perennial river originating from the groundwaters around El
Zapotal.



(1) Review of previous.studies
- Case 1: Sub-gquenca I

Surface runoff in the Study Area was studied in "INFORME
SOBRE EL ESTUDIO HIDROGEOLOGICO DEL AREA DE LAS LAGUNAS DE
NEJAPA, ASOSOSCA Y ACAHYALINCA", .

This Study conducted continuous rainfall and seasonal
streamflow observations, and the runoff coefficients of
Lake Nejapa and El Arroyo station were calculated as 0.6 %
and 0.4 %, respectively.

The outline of these catchment areas is as follows:

Nejapa . E1 Arroyo

Total Area(ha) 1430 3500

Land Use (%) -
Forest 71.5 61.5
Albustos 22.7 37
Urban 5.8 1.5

Elevation {m)

Max. 900 900
Min. 170 145

Slope (%)

Max. 14 21.8
Min. 1.4 . 2.2
Longitude (km) i3 12.75

.~ Case 2: Sub-quenca II

IRENA conducted continuous discharge measureménts in 1986-
1988 in the study "INFORME SOBRE EL ESTUDIO HIDROGEOLOGICO
DEL. AREA DE LAS LAGUNAS DE NEJAPA, ASOSOSCA Y ACAHUALINA".

In order to consider run off condition, the discharge
records at San Judas Station and the rainfall records at
Las Nubes, San . Isidro Libertador, Los Pastores, . Santa
Lecnor, Magdalena and Sierra Maestra stations were reviewed
(Detailed process is described in the Supporting Report)..
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unit:m.s.n.m.,

Station - item - Elevation
Las Nubes - rainfall - . 900

San lsidro rainfall 750

Los Pastores rainfall 450

Santa Leonoy  rainfall 350
- Magdalena rainfall 350
Sierra Maestra rainfall 240

San Judas discharge 240

Runoff coefficient calculations based on the area rainfall
taken in these stations and the discharge at San Judas are
as follows:

unit:%
Year May Jun Jul Aug Sep 0Oct Nov
1986 .2 0 0.1 0.6 - 0 0
1987 2.6. 0.4 1.3 3.2 - 0.9 -
1988 g.8 2.3 - 2.1 3.9 7.6 -
1989 - 0.7 0 0.3 2.0 0.3 -

The monthly rainfall data at San Isidro Station are as
follows:

unitimm
Year May Jun Jul Aug Sep 0Oct Nov
1986 201 272 114 12}Y 178 159 56
1987 68 92 430 247 274 155 10
1988 391 358 192 549 315 554 86
1989 48 139 180 157 467 64 89

The results " indicate that runoff coefficient varies
according to the condition of the soil before rain falls
and the amount of rainfall. Dry vears made negligibly
small values of efficiency and wet years made a maximum of
7%.



- Spring rivers

River discharge was measured in the Study “"INVESTIGACIONES
DE AGUAS SUBTERRANEAS EN LA REGION DEL PACIFICO DE NICARAGUA,
NACIONES UNIDOS", in 1973. The results of the spot measurement
in this Study are as follows:

Basin Area Discharge(m®/sec) rainfall

(km2) Direct Base Total = (mm)
Channel to L.Managua 160.8 0.193 0 0.193 559
Rio Lodoso 41.3 5.57 0.265 5.836 530
Rio El1 Borbollon 212.8 - - 0.043 549
Rio La Mocuana 70.3 22.36 1.06 23.417 510
Piedra Quemada 25.5 o 0 4] 596
Laguna de Masaya 232.9 0.396 0 0.396 833
Laguna de Apoyo 36.8 0.02 0 0.02 629
Lago de Granada 301.8 0.148 0 0.148 550
Rio Tipitapa 183.8 0.067 0 0.057 517

(2) Monitoring of Streamflow (Mocuana and Sapamaspa River)
(a) Continuous monitoring
- Mocuana River

An automatic water level recorder is installed at the
intersection of Mocuana river and Managua-Tipitapa road.
Observation works started in March,1992.

The collected water level at the Mocuana river station is
converted to monthly discharge. Detailed process is
mentioned in the Supporting Report.

Fig.4.3.2 shows a stage-discharge rating curve based on the
monthly discharge measurements conducted until October,
1992,

This observation point has two dams upstream, one for the
swimming pool at Trapiche park and the other for the
irrigation of the El Panama agricultural scheme. Discharge
at this point is controlled by gate operation of these
facilities. The total amount of discharge; .therefore, has
to be evaluated instead of a flooding analysis.



Table 4.3.,1 shows the average monthly discharge which is
estimated at 1.01 m%/sec and considered to have increased
around 1.3 m3/sec in July, September and October.

- Monitoring Sapasmapa River

In order to estimate the general runoff amount to Lake
Masaya, a stuff gauge was installed in Sapasmapa river,
around 100 m up from the lake. Gauge reading'was pefformed
when flow was observed. Discharge was éstimated by using
the Manning method with an estimated cross section. The
results are shown in Table 4.3.2 including the daily
rainfall at Masaya and La Concepcién stations. River cross
section is also.very small in the whole catchment area and
the ‘discharge amount was observed to be quite small for a
catchment area of around 80 Km?, because of the presence of
numerous banks and planes on the way where water is stored
or spread.. ' '

.(b) Simultaneocus discharge measurement
Simultaneous discharge measurement was conducted in Oct. 21,
1992, and is shown in Fig.4.3.3.

The results of the measurement in the dry (February) and rainy
(October) seasons are summnarized below.

Unit: m3/sec

Place Feb. Qct.
Santa Elena 0.146 () Leaking of dam is not
: estimated in October.

El Rodeo Pla. 0.052 0.010

IRENA - 0.074 0.097

El Zapotal . 0.093 0.242 _

Rio Mocuana (0.86) 0.108 Different current meter
_ - . was used.

Las Cruces N.S. a.068

The results clearly show a slight increase in the discharge
measured in most of the places. However, the wet condition in
spring zones 1is observed to spread in comparison to the
conditions in the dry season. -
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Tabel 4.3.2 Estimated Discharge of Sapamaspa River

CONPARATION BETWEEM RAINFAEL EN LA CONCRRCION STATION
AND RASAYA STATION AND RUKOFE IN SAPAGMAPA RIVER

BATE ! RAINEALL ; RAINFALL |} RUNOER
: LA v kASAYRE .
! CONCERCION | H
Y {ma) P (am] 1 (K3
ntfor/e2 | .00} 90 12,891
o8r0n182 b.50 ! .90 1 1,403
13707/82 ¢ 0.00 ¢ 22,00, 9,180
16/0%/92 | 1.00 ! 0,00 , 8,740
18/07/92 | §.00 } 6,19 § 1,602
2307482 | ig.50 ¢ th.80 1 3,863
M ) 9.50 ! 2.50 1 1,850
05792 6.00 1 13.20 | 2,697
FETROTL Y I .50 ) 636 ) 1,311
I TR TE 5.00 ) 1.60 | 5,682
13708492 0.50 ! 140 1,710
18708792 | 0.00 .00 ;3,402
d/08/08 5.00 ! 590 1 2,1
08/08/92 0.00 | 0,30 838
12708/92 ! .00 .50 1 1,134
15709492 .00 | §.90 ) 1,2U4
z3/09092 ! 51.00 ! {7,001 18,837
1709/92 | £5.00 ) 18.50 1 12,521
l0709/92  } 10,50 | 31190 4 27,09{
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{2) RESULTS OF DISCHARGE MEASURENENT (b) RECATION OF RECORDER & GAGE HEIGHY

L DATE RECORDER  GAGE dK1637
| i DESCARGA | ALTORA B 0Ly 30 1.87 0.27 0.2601%8
H PECHA | (a}fseq) :LIMNIMEYRICA! MG 28 1.856 0.235 (.233328
i | ioh ; MG 17 1.893 0.23 0.236413
! : : ! J08 8 .84 0.3 0,291202
12045792 ! L 9.52 | 6 L1 0.36 0.363543
13015192 ! 119 0.26 | ocr ¢ 1.855 0.21 0.275700
11148192 LI W T 0.1 ocy 20 1.885 0,24 0244686
1318192 ! 2.94 0.51.}
11678792 ! 1} 0.2¢ ] Regression Oatpot:
11710/92 ! L1} 0.29 ! Constant L1
' — _ i Std Err of ¥ 85t 0.00754597)
. R Squared 0.917569401
= {2 B ¢ d)aa? Ko, of Observatiozs 1
o : Begrees of Freedoa 5
SGRR(0) B
1.646207 ! .52 H Cﬂef”c!ent(s’ -1.03345
1.090871 : 0,16 5td Brr of Coaf, 0,070009
1
f:?}iﬁfg : g:gf B=-1.033 1 b 2,193
I 0.4
1.048308 | 0.29

Regression Qatpat:

{onstant

Sté Err of ¥ Est -
B Sqosred

Ko. of Observations
Degreas of Freedon-

¥ Coefficients) 2.4206%
St Brr of Cosf, 0.1%0266

SORF{Q): (202, 420640, 4263} 802

0426338981
0.057799621
0.475882850

Fig. 4.3.2

]
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Stage-Discharge Rating Curve
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4.4 Well Inventory and Groundwater Level

4.4:.1 Well Inventory

Information on. wells drilled upto the present are collected
from the Inventory of the Hydrogeologlcal section, INETER and
Magregor, drilling companies.

The 1nventory classified the wells into the following:

Items - - Managua L. Mercedes Masaya S. Rafael Total
Industrial 33 22 12 5 72
Domestic 58 20 12 5 96
Municipal 46 6 - B3 4 109
Irrigation 15 10 5 1 31
Investigation 7 . 4 - - . 11
Agroindustrial 2 2 : - 5
Not used 14 152 _ 86 .. 1 . 253
Abandoned 5 - - - 2 n 7
No information 50 - s 29 79

Total 230 216 -170 47 . 663

The above table indicates that a total of 663 drilling wells
were found. However, almost half of these wells, 339, are not
used or missing. Municipal wells are maintained by INAA under
municipal administration. Domestic wells are managed by personal
users or local communities.

Thege informations are 40 years old and except for some
parts used in the 1992 hydrogeological mapping works for the
whole of Nicaragua, they have not been updated. '

4.4.2 Groundwater Level
(1) Water level of Managua and Asososca lakes
Lake Asososca is- very important to Managua City because

almost one-third of its drinking water supply is pumped up from
thisg lake.



Over-pumping problems surfaced when most of the water'demand
of the City was supplied from the lake.
Draw-down of lake water level is a very serious problem because
Lake Managua has been contaminated by the  waste water of
industrial and residential areas. It is also possible that the
water of Lake Managua flows into Lake Asososca.

The groundwater table of Lake Asososca was prepared based
on the detailed leveling work conducted in the "INFORME SOBRE LE
ESTUDIO HIDROGEOLOGICO_ DEL -AREA DE LAS LAGUNAS DE NEJAPA,
ASOS0SCA Y ACAHUALINCA' in 1979. Three of the lake's groundwater
level stages measured in 1963, 1970 and 1978 are shown in Fig.
4.4.1, The figure shows a sharp or radical change in the
groundwater table due to over pumping

On the other hand the relationship of the ‘water level of
Lakes Asogsosca and Managua is shown in Fig. 4.4.2. Both lakes
have no outflow and inflow sources, therefore, their water levels
are largely influenced by rainfall, evaporation and groundwater
recharge conditions. Variations in the water level of Managua
Lake is found to be naturally dependent on rainfall condition,
while the water level of Lake Asososca which has constantly
decreased from mid 1960 is caused by an increase in pumping.

Fig. 4.4.3 shows the monthly water level of Lake Managua in
1966-1978, including the monthly rainfall observed in A.C.
Sandino station. The minimum level was 36.3 m.s.n.m., recorded
in 1968, and the maximum was 39.6 m, in 1970. A variation which
corresponds to the observed amount of annual rainfall.

It is necessary to point out that a constant decrease in
water level was observed in 1971-1972 and 1975-1978. The
decrease was observed to gradually start from November to April,
the dry season, and the increase was observed to start from May
with the onset of the rainy season. The same cycle can be
observed all year round.

On the other hand, the water level near the A.C. Sandino
Station continuously decreased in the dry or drought years where
around 800mm of annual rainfall was measured.

As previously stated in the foregoing paragraphs the water
level of lake Asososca is affected by pumping discharge. Fig.
4.4.4 shows the monthly water level according to the annually
pumped amount and rainfall amount in 1972-1991. For example, the
water level in 1978-1979 decreased from EL 35 m to EL 34 m in
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spite of 1979's having a larger rainfall average than 1978, This
condition may be attributed to the fact that 1979 had a greater
annual pumping amount of 37 million m3® compared to the 28
million m3 in 1978. :

Asososca's water level is considered to have been recovered
lately because of the shift in pumping places to Sabana Grande
and central Managua. Detailed pumping discharge is discussed in
the next section.

{2) Continuocus water levelling

_Recdrds collected at the 3 stations, namely Christian Peresz,
-Masaya and Sabana Grande, were used as daily water level values
(see Fig. 4.4.5 (1)-(3)).

Christian Perez station is located in the center of Managua
City, and its water level is observed to continuously decrease
‘even in June and July, the rainy season. A very slight increase
is observed in the end of July. The water level measured during
the simultaneous leveling works was 44.3 m below ground level,
while 45.5 m below ground level was recorded in November. One
of the reasons may be attributed to the short rainfall in this
vear as mentioned in section 4.2.

Another factor to consider is the location of the well. The
amount of pumping discharge in the central part of Managua City
has rapidly increased in recent years. Although the Christian
Perez Station is also surrounded by many production wells, it is
still difficult to analyze this relationship in detail because
of the absence of continuous water level records concerning the
area.

- Masaya station, which is located southwest of L.ake Masaya,
has a water level of around 15.5 m below ground level. The
lowest water level was in March, and an increase was observed
until the end of July. . Water level was observed to decrease in
September and rapidly increase at the end of October by 200 mm
of the daily rainfall amount observed in La Concepcidn station
in October 3, .1992. The change in the water level corresponds
to the amount of rainfall in the recharged area. :

Sabana Grande station is located south of the Airport and
has a water level of around 22 m below ground level, The water
level of this station varies according to rainfall amount.



The water level was observed to decrease until the middle
of May, but was oObserved to increase-after-the‘fifst’heavy'rain
(around 60mm)} in May. Nevertheless, only 20-30mm increase  was
observed based on the still dry condition of the soil. This
rainfall amount is recorded in A.C. Sandino Station.

{3) Simultaneous water leﬁeling

. Simultaneous groundwater leveling was conducted in order to
evaluate the groundwater table in the whole Study Area.
This survey was conducted twice, in February (dry season) and
October (rainy season).

- It was mostly difficult to measure'the~water level of the
industrial and domestic wells because these wells usually have
submersible motor pumps without observation holes.

The target wells finally selected for measurement were the
INAA investigation wells, UNICEF wells drilled in 1990- 1992 and
other wells which have no pumping equlpment

Table‘4.4.l shows'the list of wells surveyed in this period,
and Fig.4.4.6 shows the location of the wells and the groundwater
table Dbased on 10 year old groundwater level data of the INAA
and other wells.

-Water level was observed to decrease in some places mainly
due to defects in. the detecting equipment. The water level of
the 140m deep wells in Masaya and Nindiri show a 0.4-0.5 m
decrease. This decrease, however, is considered to be within a
reasonable scale,

It was basically difficult to stop the pumping activities
conducted on the INAA production wells because of ‘the
inavailability of extra water sources. However, some static
groundwater level measurements were conducted even when the power
was lnterrupted .

The water level measurements in Carlos  Fonseca, Sabana
Grande, and other wells are shown in Table 4.4.2.

A maximum decrease in water level was measured ih Carlos Fonseca
(7.1m), Sabana Grande (7.0-m), and 19.5 m in other areas.

The draw down condition in the Carlos Fonseca well field is
discussed in Section 4.8,
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Water level observation in the surrounding area of Lake
Asososca was performed in October, 1992, As shown in Fig. 4.4.7,
the groundwater elevation at the point near Lake Managua was
35.77 m above sea level (m.a.s.1l.). The point located north of
Landa Vista indicated 37.09 m.a.s.l, around 36.20 m.a.s.l. at
MAYCO and ERCASA, and 36.45 m.a.s.l at ESS0O. In comparison with
these levels, the water level measurements conducted in April 4,
1992 in Lake Asososca and August 25,1992 in Managua were 35,75
and 36.27 m.a.s.1l., respectively.

These results suggest that the circle of the pumping cone
of Lake Asososca still overlays the industrial area arcund ESSO-
HERCASA-MAYCO, and that additional reduction in discharge from
Lake Asososca is reguired.

(3) Pumping Discharge and Water level of Asososca

_ The relation of pumping discharge and the water level was
discussed in the "FIELD AND MODELLING STUDIES OF GROUNDWATER
CONTAMINATION OF LAGUNA ASOSOSCA, MANAGUA, NICARAGUA" by Dawvid .
Norman Bethune in 1991. Maximum annual extraction was calculated
by the following formula determined by Montgomery Chan, Consorcio
in 1979.

W= 7.68 + 0.0002P - 0.079E + 0.828y'’

where;
W current year min. annual level
P = annual precipitation
E annual extraction
W'= min. annual level of previous vyear

I

fi

i

The calculation resulted in 10.13 m’/yr {2.78 x 10 m*/day or
7.4 mgd) for an annual rainfall of 1086 mm, a value almost close
to the rate in ¥ig. 4.4.8,



10°0.50°8 VE'L OL°8C $SE°C Q1111 08RG 01 WIG 0656 00°L81 00012 SOKYT0 CONIKCK  52°L8S3 0¥ GEEIN VEY YIS Y@ 0TTILSYOVAY 38-¥1-866¢ S

IS0 KORKOD . 08°8 Ob-L2 £10°0 . KVATVLKOK YAYYY VY 056453 06 SSEixn 0434 2043 ¥ 50 CHQIS] §YS by

: ) FOUVRYEID 3G OQVIASHOD
80 on < P0IBT - 96°L02 808D 157002 00°SPE  ONVZHOIOS- OQYYDIH S8 653 06 'SBETx ICHZS 20 VT 30040181 A¥S 2y
13081840 . . $°d3 0L '6/6S 05°588]y 30438 ZRED VT 30 CYCIST KYS Zr
: 0L8 05712 €009 NVHEL 0143408 (8 °BLST O1°SESIN 30838 Z0HD ¥ 30 OHCISI KVE  IR-VE-DISE Ib
4 LOOKLTK . R AR ) . 00021 KORHOY G 1463 08 ‘EREIN SYATSLNGD OUEVATE O019uve oF
B/d 1On8iSe0 . COIXDELIIO4 00 D853 85 LESINGATYS 30 DIINDALITO “¥RYAYd YTII4 - 6t
o 1D0w1sd0 LY. §9°LIST CKOBEIX . ZATSTNGD NYLYAHO! Ojyavg - 8
T8 SINT S . . - 12
-B/d HLIA c . . ¥NT (19183 08 ZvEIN DNVIZ3T BONISNON O1dNve - 8
TT3R SaANT . B0'LE 16711 S1°Le sgrld 00 6¥ VWA o 0O°GLSY SOCPEERN ZINLLMYE 507 ¥ONLS - gg
- TN STANT . LGS 82 veve aLe : 00 v VK[ AL Rt A S SOTHVY NVS YONZIOWH - ¥
AIV-HLIA ‘03711140 86722 SkLL BEOE ZEBL 0001 d1¥ATdd 685883 96 bPEIN CIAIT3 13-¥ONI1d - £g

, : . . . : TAVAVE NYS YOXTIONH ¥OILRY
BIV H1iM - 1373140 ‘ 08°br  03'SS LE¥.  g8'sS 00 ‘001 569953 SLYYEIN  LYHDO§ STT0S NEIAVLYALLYNZIODD - 4
(Kid 1okLls - 8EGY 29789 00911 - NOKEOD 178963 O EVRIN IS TNV VTINCST LLON AVQININL - i
A/ 0is SONXOD " 821953 8B NYELY V127059 "IVALNAD QVOINTRL - il

. VZXYEEJST VT VONIS ¥SLINY
Bd LIOHLIA 29°2%  8ELll 06 081 RONKOD SZ°BYSE OL°YEIN 2= OVTIMOVIVAD ‘ZHIOT SY1 OJM¥VE - 62
R/d.ZNOHL1N . : . BF2F 0876 06 "0¥1 KORRC 06 ‘0483 00 QTN I3ANFRY 01739 ol¥Eve - 82
oNid % . ROKKCD 581283 02 €518 VIH3SEE YIS - Iy
TUASYIR IORNYD : 3ATLYN3JO00. 090653 S0 9EEIN ZMMIVHTA D VLIEINYS FINIAD - 52
10051880 . . 2LYAT84 SLUIBSE 0GSEEIN  ZAMOVHEA D SOONVE SOT VONIIOVH - 4
. YYKI §0°1883 DL ZECLY  ZAYDVEIA D VAVSYR YO §RL W Loy b2
j | GB186% S ‘BELIN FAYSYK ¥ VAZLZNEVD L@y - £
. 0 "6883 57 0pEIN FANVED YRVENS b b
T35 §2AKT. L1639 5807 S¥E3  £5°0Z 006 D0 1653 00 OPEIN HONYHS VRYAYS 30 00vignd - 12
08 70653 5 1¥R1x - SYOISN0 SOTAVDLCARYD P 07
046853 08 1yl LYOIASN0 SOTHYILORYD 9 Bl
T34 'S90 516253 SO IpEly SYISNOS SOTIVDLOARYY il
¥ §1°88%3 59 Lbglx LYISNGS SOTHVDLOMNYD 1 A
_ : Y¥NI " G5°'835F 59 TKEIN VOASKOA SUTHVD.0EYD Z1 81
TIEA M35 30180 9r 26 NONROD 081654 0% ¥EEIN OTHISYVRS 2 &1
TR @10 301N SRRl G176 00102 NOKEGD 081553 OF FLELN OTHISYIVNNAG § ¥i
YI¥IIAVIISH HOG 254184 i "853 09 95EIX KILEVE NYS ¥ONI3 | g
dK3d IH0RLIA PA =T N (4 gr'gf 0o-Lir ¥Rh 0876583 09 5821 TEINVI T3 YONLS 2 7l
Bd WILvs ¥ 0 ¥R (08 °9553 SL62LIN : TINVId 73 YoNld 1 11
IV DNTHILYE EARZRE ] (L8653 0F O¥EIN YAVLIIL TOTHD OHONYE - 01
W9l 8eEl 0 06 NI 0F 8653 5§ O¥ElN ViQv4do0 30 00VIaGd § &
¥Y8] 05653 07 051N YIOVEI0D 30 0aVI80< 2 8
YN GF *5683 (2 0¥SIX . YIQV3300 30 04¥7E0d | L
. 83 811 00 ‘88 Hhch]! 055663 L 0¥EIN Y5341 SO¥3ATA YICYEI0D 2 9
133 GITII4C : 0L Pl VAT (5 "66S% L DFRIN VTS SOM3AIA ¥I0V3400 1 s
HINTD A1 "O¥3! . 29INTD 082653 09 0reIN FOSVED YNYEYS ‘GOINDD P ¥
HINTYA3d D : e : 5228 HINTD 5¢ 2693 28 BLLIN JOYHD VEVEVS EOINTD £ g
BIKID “Ald Sl . BLGY - 1207 0005 15T 02°16¢3 0L GLEIN ACKYED YNVEYS '39INED 3 2
AINTD AL ‘9] . 891433 0% 2553 0} 'BLRIN FANVED YAVEVS BOIRTD 1 i

6] W W [ON :
% (1% Q) (8} NOLLVAZIZ T'&'S NONVATIE T4S (u-10) {¥-19) (=) (" .
: IS 00 @@ B L mwo 26 10 5 WYN-31 ROLIOS 40 HLJEQ  T3A31 4 N
SINLIDVA¥ISEO  ALFIVAD ¥3lva 13437 YIEVRANDOND NOILISOH NITWIS (3TN0 QNHO¥D 0L 13408d EARE R Vi o) Y19k

{I) =118 mn.m.m.mw.bm.m FO ISsTT TI°v'F STORIL 7561 °120 QXY 2657 WYK-23d TI24 QALISIA S0 NDILYRUQAN}

4-7 4



SYLVQ oX 00052 (073 3007981 & n{ FIVEY EP) WIABRT) §E 34
80°SEE  l8vgl 0404 QOURTL 08 USAY 0O0%F SE°998 3 00 IECI sendep sey voTeun) L9gh £8
5605°0n avaX 1070 €8T 287 .69 GL'87 99270 ggegr 000 00 "s¢i 00728 3 00°Z8ET N 0355I SIUOK INTY4S P
LOKNYD {6k oe1y (iS50 kg 00788l - 00UE 3 00°TREL K ¥ "4 ) d00) 008RIY S1U0K GBS 8
weoerete 5% 0668 0BT (8°L1F) (27382 047108 0L°lB2 (8°%OE (0 °0GS 00708 3 0C'SIEl N PqueIa1q'odSIOvEl] ueg BLOITAY 8R{G(06-¥1) €3
2000 L1 091 08¢ Q6°§T VSO (2°SP17 (87v08D 00-0sp Y¥XE 0088 7 00 Tagl X UoINEFNOY BY Ip vEn! vES 9071 8
dois ¥ WO ¥8'S £ 1878 (BUIE) O8P°0 [27C0E SLESZ PBCCOR  41°P9E 0B 2VE  02°U6T  05°CRC (0SS5 YENT 0098 2009181 & S0dJeR uesf(EL/3_ZL/11) 18
ERIR S1vgzz  bzciEe 007882 Q)L pO°EST  00°eSP "BATIS opTeRpg duf (1718 3 S RIS X ‘ada1psey Inbrey {9 BNTY 1203 08
TR L 0% ¥YS) & 188 05°L% SiE0 000k YWD 0086 3 00°LICD X SUTRPURY by 13
SYIVG O (1°181) (67gydy (8'v6Z Q0883 QE'viZ  0Q'00P 0058 T O0LIBE X L(18-35 A
CT8ed 137082 (B6 W61  IOWNYD OL°91€ (5882 66 °31E O0'63p 'O1IA{Ry P4 BN WY QP°P6  Z 00°9IET N 31e5Ex LR07 L
85888 U1 058y 00788 3 0D SICL X ouayowInbiy g-y 8L
T8 £38 ML S§U8PT  SPCIZ1 09°FBD ORCIPT 00C1ZT 007042 YKL 0066 3.00°328l ¥ eApsey SayeBodes sOT Z-Y(§8/9_9) €L
50 ON 937l LU U Wtl 0052 00 °F08 2 00°2EET X 040l “epuoy ERRIQEnY [-y bl
8¢ L ¥8'8 (5'% 69%°0 i (0809 30079081 & oAy a9 munB¥T RV CAGIY 2L
(0F  NaiL a0k 0B °BYE  0S'BIE COBPE 0O €19 0£°10% 3 S8°9IET N OIPTS] UE§ DIIIJouUag BULIEIT) 1T L
If 30 T13% 43540 ESSET  LFPD O6°EIT #¥0E  0BEIT  000SI 00°F8S 3 0071281 & ‘edesey o wundey [-4d 8797 1L
0ggees 22 608 (1iZ Giv D 00°%58 3 00°TEEL K "RARGRY Ip WM TWT FAYSYR OL
T8 320 AYQ NTHOMZ LONNYD 00°6ST Q0 °LET  QPCSSE 00O YER! 00°G6S 3 00 SZET & “edesey op wundel [-0d $292 69
T3 "SE0 34 SR ) 00-0p1 YYNT 00°S65 7 00°WZEL n iesey 9p eunde] £-44 2252 88
[CN -
: 6 0 158 00708 28570 RACOZT 8218 8200 ZLU1e 00°LEl 0Bl 41tiRl 00ROl %465 3 S0 6okl » UB{LARG [E_RTO0IAY "I31pUIN £502 i
LEgT "oN HYIN virg sgsgl 0 022 00101 2 00°5E80 X eALSTR [-¥ 85
) 00082 06°109 3 00°S2ET ¥ ' eARSTR LGET 5%
BLI0OIS 40438 5% 1 l¥'s 0162 6570 8032l 28758 8L7TET 2796 OvERl OEUS6 (ZRET 00°®IT G165 3 QF93ET N 'BOVRIZEG ] RIOOTAY "BABSTH GBI ]
gge 1 T8 082 S0FD . 00528 00’589 2 00 828 A sdRIuenatL 1-1 YYN] £9
D ES7FOT L LST 60°POT  TB'LEL  Q0'SPT  QO'SST 0T YRT 0072k 0L°985 3 SLTOEEI & adsruEnoT] 2541 ]
LU0 8L 2% 8y ©OT3T% BLEDT 00U0SY  0DeEl  0BRB 00 00% 00°8S 3 SFUIEET o edesgy © BISIANIE) L1 BE EERF i
: Q0021 00N
ALV 1300 S A4 1 [ L A VYNI 617088 4 9UASEL & IRORVL VRFHNG VLA {T¥NI09 08
AL TR A 19007 89°L81 ¥VN1 8P 888 3 ZLEBET K §oN ZA¥oVeEA (Y¥N1)9L 66
ATYLOL JONEISE0 ¥Rl . : & 0N CZ0d OYHVIIR YINOID (YR100 85
04 TIH S8 STey a1rg TNl 617685 3 65°LIRI ¥ WIS QLIALNINTY (YYNIDLY 1S
Livy I 86 '5vl 087821 82718 (L°BO1 SE'9¥g 86 °5h! ¥WNT G6F18 3 99°0WET X ZI%d 73734 TYLIJSOH (¥vx1328 95
3014 “T¥ISNI 01785 06'96 I576¢ EV'CE 00 65t YWAL 597088 2 (96681 o VAIRVLTY g€
did INOHITE oL9s  683eE 08 0¥ Vil S90S 3 OSCURRL N SOHANSID AN O1YuVg §8-¥-1 ESPY IS
1724 "590 28788 L7031 00°5F  20°131 06 091 ¥END O1°FLG 3 0B°0FEL N "SYLIOHEI1d SV OLadveE §-Y¥d £S5
) QEVEY D7 QLIHORVY ISTY TTIVE-35v
TI38 'S80 15788 AL907 3178 237900 05 byl YEND 08°BIS 3 SLOPET'N 3C Od¥YD 'SYLIDINCAIS $7 Oluav ZH-vad 5
T340 OJTNEY
T34 °880 83728 gLl 06781 0008 VVR] S2°609 3 5178601 & 30 Ov3LE08d SYNIADST QUIVID  ¥-04 8297 1S
T128 'SE0 e Ww (038 YALINT 0T°F0% Z 08 LEEI N YESIL 91TINY 9-aL 0§
1134 'S80 A 38808 VYRI S8°208 3 026861 X - VESILZWO VINYS  Ll-dd 8392 &V
fonyisac Z3NNN YOTIR 967058 T QCSERL K ZORWUEA T VINIO (Y
02 Giroe Wb w08 85°F5 00 "¢81 YIH3Nd SYAI¥ QUSAr SL°EAS 3 € 'PEEI X 01111504 13 -4 4
208 ANVH 028 6.8z 0070 567921 ¥6'g8 BOLAT 26°2% G0°0%1  ZITYINGD OTVZNDD 'JO0D 02 ¥AS T 08 FEET A ONVENIARYD -4 r
@ (@ -
% {1/8%) )] (o) KOLLVAZTE 148 (31 (&) (W (=
Iws o0 gel  ud L ‘N 26 HYK-935 Koilod 4oL Iid30 TR i N :
SINOILVAAISEC ALTTVAD ¥3iVE ] TIATT YELVAQNACHS RO{LISOd W3OS GITTING  GNfOWD 4053134084 YNTOE000 ¥ 0% 13

(z) SITeM BPUITT2A97T IO ISTT T°¥'¥ 2IQEL 26677100 4NV 266% ¥¥R- §3d TTHM OZLISIA JO NOILYMADIE]

4-75



AT Ervd o2og 300 6L O 919 0845 U860 o413} 14 600y QF 168 09 SEtl CEET EIll
od mafe wrw oz0g 7970 9L % 0L 08T E6D YeML 087088 . 0 U6EEl "opuRx) 2UEGES 9P OPLIGO 81l
odiabe uts 020¢ §4°0 LL'S LN DRI LR 3w 0005 BN 0P8 09 EEE! 3pu23) TGS 9| KT by
@ 2 CORAEDNY 0204 1370 (53 L0880 G080 882 29728 a0 01z 96955 b 20l Ty pEaTIey et
© 7 opeawoxg ozo¢ (6 113 9L 33 %0 BT BIW 90§11 zadoT cumqly solse) (SRS 68 ISR PiLIERsey P1Ueg L
& v opeeses 0208 10 £1° L0689 858D D 09K 0018 SeAIy OPUTEIY GL'S8S  CZESEL  9PSeJ) eueqes TSASSL TS REH
DALY 0204 21ee 28y 00 0 LYK S8 65 EE - CORYK Bl
3 KISTOGVNOONYEY MBS L8 129 VEROME (8°0LS 08 MM i e S N i
OLLION 070 B9¢ 680 it VSYOHIE 0SS 09°grEl vevmzy 9 80l
2 KIS TEVNOINYEY Sr8e 55767 06°29 0ss3 01°mS 082K %53 10t
TORAIISG) 9P 0264 _ 8255 1878 03°19 G0°165  09'IpLI TPASHO SOTIRY 0aTW) (3P 218 st
QOYAVINE 0204 100 0L6Z 0047 887501 21°%r D0°¥ST 'S SIUOTOOTIF'T 25O BuI (7°EES 89 °PEEI 134100 31(%Y %
0l A0INE L9 8 0018 0N OLBBS 65 BHEI “eaBewRy JINNYD 50
OTHOLYECIANE 9129 12 6L VI SPUIES 00 HONE: opeRI) QRS EDINTD  S-VOIT  EO
OIDLYA0 XS %08 IL'Th 06531 YIL €UT6C  O1°95E! zamessy  g-v2lf 201
CLIOLYETIAN 51311 62 501 00 312 YIIE SEUIS S6IEEI vigsey ©20€) §°SL T [-¥If 101
OT4OLYAO1EEE 0578 0515 08 081 VOIT Q0LE - 4B TRE] VROVAVE SYOLIZRY SY1  v-¥Olr 001
W08 N1 ¥ OLET 20 VIRE 02005 S% TSI ONVSYZ £6
YERO Ni$ 228L SLBL 00 85 SOIIRIOL EVIOWO0D 066 01 LES OLSISTZLEON YONTIVE %
FOVNYE 20 020d 197k 62°66 00 591 i ETENVEY 0718 SVOLE 1B
: I OX - 006L 3008 ¥ L %
TR N 00953 030D FI6SE 627718 3 98 26CT N 0BSH(E8-¥1D G5
(L1360 :
AeR/Y L 100 9L°S 000 8K OL'GT 8¥ D (S1°368) (S8°0S2) 007028 00°S0E PO0ZL 00065 ZmM OpueziI3 opredty Z3MS 3 AGOEET X sdIy 07 6551 7
, 00862 00°LIE
AED/YR 207D B8°1 000 98B 03°S5 6ESD @E . @6 Wz 00U107 00UhE 00 0SH 0BSLS T 07 ICEl & ode) 13 EPEITOTY $08(0S-YI) 86
Rep/y vz 200 09°T 00°0 866 02T 805D (£°022) (L'69) IEWE 0EWZ Q'L 0D DB S0°SLS 3 06736E1 K ING wMALIE) OV TN 129 2
VENLAEDA KZ 200 520 b8 BB 03UZ 8IS (6°412) (6712 0975SC. 05°8IE 08°%%E 0D 'S WEL 00PL 30007 & 40§ astaaIed 370 K1°WX QVSICSL-VDD 16
98HE 097262
058 £17se :
i 08 B0°LL TO0RE ¥ 01 05
TIOH A3 00 058 009l 200%T 8 IO 13 [-¥(HEST) 68
JOVNVERSO N 100 $EZ1 080 L6 0882 SIS 00 7005 00BL 500778 N 03131y apeg wRI1I) S07 §-% %
_ (mssy @y
5 {173 (O (uusz) KOLLWATIE T8 (230 (51 (@) (ZusE)
WS OO0 WL OB L - G "6 k-ga ROLLOA 40l HLdIG ONEMAEL i g
STOIDVANISAC  ALITYRD HSIF TIATT HALVAINACHD NOLLISOS NIIAS  (PTIIN0 ACILVATH DIA¥LAL08d SVOVAIEO0D ¥¥311 0704 "0

(€) sTTeM Dur(T=a07

F0 ISTI 1°%°%v ST9BL

651 FUERI0 A 2661 ORIYK-Gid N3 SOOVLISIA S020d 30 3XH04N1

4-76



Tabla 4.4.2

Groundwater leveling of INAA Production wells

" No.

iocation: Static Groundwater lLevel  Date of Measuremen
: ‘ Orig. Aetual  Dif. drig. Actual
{feett (feek]l tfeet)

25 Carlos Fonseca No.ld 86,90 37,52 4844 22-10-8% vd-04-42
I farles Fonseca Ho.ld- 3h.3% 0 3.4 <146 20-04-82 03-04-92
24 Carles Fonseca No.§ 12,00 38,38 -6.3%  D1-07-82 03-04-92
21.Carles Fonseca No.i 35,00 674 -1 T4 18-03-T4 B3-04-42
#% Carios Fonseca Mo.§ 15,09 {9.66  -14.66  2h-02-74 03-04-92
21 Carles Fonseca No.b .00 008 -15.08  12-96-73 $3-04-91
19 Carlos Fonseca Mo.lf .00 84,05 -3.05  0B-11-9b 03-04-92
80 Caries Fonseca Nao.ll 45,00 85,76 -10.16 9 H3-04-92
§1 Carlos Fonseca No.l¥ - §5.00 5.3 -1 3 96 03-04-92
17 Carlos Fonseca Ye.l 5.0 54,28 9.8 - b3-04-92
19 Carlos Fonseca No.d .00 58,38 -23.38  13-07-73 03-04-92
. 18 Cariocs Fonseca Ho.ld it 81,17 -0,17 82 43-04-92
15 Carlos Fonseca Ko, l2 65.00 68,58 -1.58 82 93-04-92
-37 S4bana Grande No.l 165000 176,33 -16.33 87 G4-04-92
4% Sabana Grande Ne.2 193,20 19400 -5.9¢  11-11-B7 04-04-92
29 Sabana Grande No.3 165,00 170,68 -7.68  23-11-87 04-04-92
30 Sabana Grande Ne.d 56,00 79,08  -23.08  07-D8-B) M4-04-92
31 Sabara Grande Mo.b 6.0 3430 =330 B9-03-87 B4-04-9Z
6% knld.5 C.Hasaya - 285,44 - 26 13-05-82
44 San Judas No.l 487,50 500,53 -13.19 @5-07-85 12-05-92
43 San Judas No.lZ - had b7 - - H7-05-%2
45 fleparto Yilla Heraosa 487,51 495,84 -8.13 07-D4-88 11-05-92
38 Centro Anericd a0 NN -390 30-03-RB 04-05-92
48 Col 14 de Septienbre 252,00 175,45 -23.95  23-06-86 30-04-4d
-3% Pancansan Ne.b .00 281,95 -11.%5  13-11-86 05-05-92
12 Bello Horinente 97,84 1L0LES -13.29  95-09-B7 DB-DA-%
9 Olof Palme hh30 65,83 -HU.BY 24-DG-BT 28-04-92
§ San Antonio 3.4 18,34 -5.02  24-06-87 ny-0h-9z
65 UNAN - 506,55 - - bE-D5-92
34 Pancanzan Ho'd - 168.53 - - #$-95-92
52 Hosp. Hascola 195,60 21845 -iL.db - 3-04-42
{2:8an Cristobal ¥e.2 - 152,29 - - B4-0h-u2
61 -knlif.5 C. Leon 205,00 357,03 -B1.03  23-04-88 10-0h-%2
b:Eduarde Contreras 1340 3E1.60 1.86  03-12-87 22-05-92
3 Hosp, Bertha Calderon MT.00 0 35345 -B.45 11-11-87 06-05-%2
R0 Rene Schick 420,00 442,09 -22.00  19-05-88 13-05-%1
53 Pargue Las Hadres 195.00  262.06  -7.00  Dl-03-88 0B4-05-%2
{1 San Cristobal Ho.l - 166,90 - 88 14-05-42
5% ka C. Sur K24,00  5ig.00 -2,00  Dg-04-88 07-05-92
54 Los Gauchos 117.08 13580 -14,00  07-08-87 16-05-92
13 Pancansan Ho.d 266.00 280,00 -14.00 - 15-05-92
43 Villa Cuba Ho.2 390,00 - 43100 -4L.00 B2 17-95-92




MAYO 1963

MAYO 1970

MAYOQ, 1978

Groundwater Level
in 1963,

1970, 1978
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4.4.
2 Monthly Water level of Managua and Asososca lakes
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4.5 GCroundwater Use

4.5.1 Review of Previous Survey

Groundwater use was investigated in the "ESTUDIO DE LA
DEMAND DE AGUA DE LA POBLACION ESPERADA DE LA CIUDAD DE MANAGUA
EN EL ANO 2000", by SOGREAH in 1982.

The results are summarized below:

Water Supply Type o Consumption
Source -

Annual(10® m3®) Daily (103 m?)

Domestic c.s.p. 34.64 94.90
Publiic line 5.5.P. 1.85 5.08
{(S-total) _ 36.49 99.98
Public & Commercial - 5.94 16.26
Industrial 0.11 .30
"Irrigation 0.78 2.12
(s-total) 6.83 18.68
Private line Industrial 9.68 26.53
Irrigation 2.16 5.91
(s-total) 11.84 - 32.44
Grand Total 55.16 151.10
¥ C.8§.P ~=~~ Poblacién sin servicio particular
S5.5.P --- Poblacidn con servicio particular

Public line in the Table refers to INAA's production wells
and other sources provided by private wells.

4.5.2 Water Use in 1972-1991

(1) Main wells of INAA Central Managua

The study on groundwater use was based on data collected by
INAA in 1972-1991.



Table 4.5.1 shows the annual pumping discharge of Lake Asososca,
Carlos Fonseca well field, Sabana Grande well field and other
wells in central Managua in 1972-1991.

The following table summarizes the annual productlon,and its
percentage to the total number of INAA's main well fields in
1972-1991.

unit:million m3 & (%)

‘Location : 1972 1975 1980 1985 1990 1991

Lake Asososca 25.10 33.90 27.20 31.090 25.94 24.00
{(100) (100) (49) (48) (27) {(24)

Carles Foncéca - - 20.07 21.39 20.20 21.99
(0) (@) (38) (33) (21) (22)

Sabana Grande - - - - 4.73 5,45
(0) (Q) (0) (0) ( 5) ( 5)

Veracruz - - 2.05% 2.05% 3.21 3.89
(0) (0) ( 4) ( 3) ( 3) ( 4)

Other - - 5.14 10.12 40.82 46.69

(@) (0)y (9) (16) (44)  (46)

Total 25.10 33.90 55.09 64.65 97.04 102.02

* Annual production in Veracruz is estimated according to
‘operation hours.

The table shows how water sources have shifted within the
past 20 years. The location of the pumping positicns in 1 km
meshes are shown in ¥Fig.4.5.1.

Annual pumping discharge has rapidly increased in the past 20
vears, from 25 million m? in 1972 to 102 million m3 in 1991,
along with the expansion of Managua City.

Almost 100% of the drinking water supply until 1976 was taken
from Lake Asososca.

The Carlos Fonceca well-field was developed and used from
1977 and its share in the total production of water supply has
increased rapidly. Almost one-third of the total demand in 1980
and one-fourth in 1990 were provided from this well field.

The development and use of the Veracruz and Sabana Grande
well fields started in 1976 and 1988, respectively. The
production of other wells in central Managua has also rapidly
increased from mid 1980, amounting to around half of the total
amount in 1991,



. These well developments kept the pumping discharge from
Asososca Lake at 30 million m?® in 1984-1986 and 25 million m® in
1987-1991.

(2) Other wells of INAA

‘Table 4.5.2 shows the production of INAA wells in other
departments and municipalities. Only a few data was recorded,
therefore, most of the production estimate was based on pumping
capacity. : :

The annual production in 1991 is about 8.9 million m3 and
in comparison to the available records of 1972, the annual
production has largely increased, a fact attributed to the
improvements in the local water supply services of INAA.

. (3) Other wells
(a) Industrial weils

-Interviews were conducted to survey the main industrial and
some commercial wells, Table 4.5.3 shows the results of the
survey including the 1982 records.

The total well pumping discharge has decreased = because
many factories were closed down and due to the public water
supply services provided by INAA. The following table summarizes
the condition of the wells in 1982,

: unit:No. 
Condition No. of well
Factory is closed .19
down or non-
existent

No use of pump/changed 10
to INAA services

Functioning wells 24

Total 53



. A Water Demand survey was conducted in the following studies
in 1972 and 1982.

- "ESTUDIO DE LA DEMAND DE. AGUA DE LA
POBLACION ESPERADA DE LA CIUDAD DE MANAGUA
EN EL ANO 2000", SOGREAH in 1982

- "INVESTIGACIONES DE AGUAS SUBTERRANEAS EN LA
REGION DEL PACIFICO DE NICARAGUA", NACIOCNES
UNIDOS in 1973

The total pumping discharge in 1972,1982 and 1992 was
compared. assuming that the wells surveyed in 1972 and 1982 are

still functioning.

unit:million m3

Year: ‘ annual pumping discharge

1972 \ 10.90
1982 | 9.55
1992 5.88

The above Table shows that almost half of the pumping
discharge in 1972 is discharged in 1992,

(b) Agricultural wells

The ‘large-scale irrigation scheme, CENTRO NACIONAL DE
INVESTIGACION DE GRANOS BASICOS, was conducted in San Cristobal.
Other big schemes within the surrounding area are also conducted
in. Tisma and Los Brasiles, :

CNIGEB is a public scheme which mainly produces seeds for
farmers. The main crops are Maize, Sorgo and Frijol, and their
cropping area varies annually according to market conditions.

The cultivable area amounts to 584 ha, but only 247 ha is
irrigable through the center pivot irrigation system.

According to the interview conducted with the irrigation

engineer of this scheme, the total area irrigated this season was
around 170 ha and the annual pumping hours totaled 1700 hrs.
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The capacity of the 4 pumps used for irrigation purposes are
as follows: : -

- Well 1: 900 G/min
Well 2: 900 G/min
Well 32:; 800 G/min
Well 4: 600 G/min

14

With an annual pumping hour of 1700, the

discharge is about 1.24 million m?2,
Irrigatlon is basically conducted for crop consumptlon and
the methods vary by soil and rainy conditions. :
Water use is calculated based on the following concepts:

annual pumping

(a) Cropping pattern --- two season (Nov-Feb, May-Aug)

(b) Rainfall --- Average rainfall 1,100 mm
in A.C. Sandino Station

{c) Water consumption ~- Maize, 6.25 mm/day, 120 days,
neglect difference in grow1ng stage

(d) Cropping area ------ 150 ha
{e) Efficiency -~- 90 %

unit:mm

Jan Feb Mar Apr May Jun Jul Aug

Sep Oct Nov Dec

(1)
(2)
(3)
(4)
(3)

Day 31 28 31 30 31 30 31 31
Consumption 194 175 194 188 194 188 194 194
Cropping * * * * * %
Rain 4 2 4 6 128 208 141 146
Water Req. 190 173 - - 66 - 53 48

30 31 30 31
188 194 188 194

B * ®
207 205 51 11

- 137 183

of 1.275 million m3,

From this balahce the annual water requirement is estimated
at about 850 mm in water depth, i.e. 8,500 m3/ha/year(amount of
water to be utilized)}.

A cropping area of 150 ha would require an ahnual water use

The forementioned annual pumping discharge

is observed to closely meet the irrigation water demand.
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Table 4.5.3

Industrial Use in 2882 & 1992

{1

Industrial Groundwater Use in 1982 & 1992 (1)

Survey in 1982 Survey in 1992 Renarks
W0, HAP Tocstion ¥o.of Gonsuzp BH Mo.of Consump BN
Ko. Well in GPD in 83/d Yell ip GPD in ad/d
1 { Lecheria s Completa 3 w00 TR 2 - - - o operatien since [989
2 10 IFAGAN . ¢ 1500000 5685 U § - B = for domestic use
3 8 Plastel Shell i k000 MWLM [ 117111 S B P :
{ - Gramero Bnabas 1 2500  M.754 - - - o exist
5 6 HERCASA-BLPRSA i 1200000 548 1 2320000 2128 U
6§ ESSO 3150008 568.5 A 5 1008000 3820.32 ©
T 11 Bieleria Polar 1 20000 %580 1 15300 57.937 1
8 T Plantel Hayco 3 20000 5.8 A i 9000 M.11 0 for donestic use
§ 5 COWADECO 2 20000 5.8 4 I 50000 18350 .
103 BKEWSA 1 10008 11,94 1 - - A for domestic use
11 - ALUMEX 1 10009 3NGL - . - - :
12 1 Lecheria La Selecta 312009 45,480 T 93600 35247 &
13 32 Matadero CARNIC 1 1006000 390 %8 2 L0000 416,94
14 - Qerveceria El Aguila { - 0 - - - Ho operation
15 - Plasticos Maber - 1 10000 K I - - Closed
14 - Plasticos Kodernos 1 19600 31,94 1 - . Closed
17 - krulejos Corisa 1 10000 EVRN ! Wwe  6.7%8 ¢
18 27 PABATEX 3 200000 758 % 1 - no information
139 38 Laborakorios SOLEA | 20000 5.8 4 I - . Public Line
20 - CYHAKID ¢ 100040 M - - - Public line
81 - Process 1 10t gL - - - no exist
22 - El Porvenir 1 20000 Hey - - - ne exist
2} 26 PEPSI COLA 2 s00000 §835 B T flonee 15539 0
24 39 Hicar Quiaica 1 5000 1895 & I - - Public bLine
25 36 Yola Shaler 1 10080 17,98 H 14000 68,22 M
" 26 - Beneficie San Francisce H 5000 18.96 4 - - - closed
21 - Fabrica Fibra de Yidrio | 5000 13,954 - - - clesed
18 3! TRICOTRETIL T 50000 189.5 B 296000 ¥1.1 half production
29 - PINSA | 10000 ¥ S - - closed
30 20 Hilados Las Tres I 10000 3194 I 1000 g
31 19 Lecheria Da Perfecta 2 000 1556 B | 180000  682.2 B
12 18 CoCA COLA 3 500000 1895 ¢ 3 574006 2175.46 § estination from pepsi
33 - Nsbisco Cristal 2 12000 4548 ¢ 1 30000  §13.7
3¢ 21 Wuebles Pierson Jackaan 1 5000 18,95 & | 165 0.52535
3% 17 RARPE 2 Z0h0¢ 15.8 4 2 31000 i40.23 B for garden irrigatien
6 - RICATEX Z 50000 1RG5 B 2 - - ne use
221 Hep 1 5000 18.95 4 . { 3000 £1.37
38 29 Cafe Presto 2 50000 189,50 i a0o00 el R
3 - Hiele Syf I 26000 HeE - - - no exist
{0 23 Cerveceria Tona i 400000 1516 B 2150000  568.5 U




Table 4.5.3 Industrial Groundwater Use in 1982 & 1992 (2)

Industrial Use in 1882 & 1992 {2}
Survey in 1982 Suevey in 1932 Reaarks
KO, MAP Location : Ho.of Congusp B NHo.of Consuap BY :
Yo, Well inGPD ip n3/d Yell inGPD inndfd

4 - Desano Taderg Inagor 1 toeeo Haea o - - - Closed -

{2 - Parque Industrial INUSA T 2000 9475 % - - - €losed

4 - B . 1 16000 Ny - - - Closed

44 24 Prod, Atmosferices ; 15000 - 56.85 A 2 - 00

i 25 TARIC ' 150000 18954 - - - no infaraation
- Conos Victoria { boo0 18954 - - - Closad

17 23 Candelss Llanes : 1 50000 19,35 & 1 - - Closed

4% 16 Baterian ¥illard ! 5000 18,95 & i - - o use:

9 - Tejidos Nicarae 1 toono. g4 -1 - - ne use

5t - Bl Lechon i 20000 (E2% 3 W - - Cloged

51 - Bielera Whing - 2 20000 RN - - Closed

52 12 aceiters Coronaaceitera Core | 50000  189.5 A 3 1500 5.685

53 13 Cervecerus Victoria 3 600000 st £ 100000 2653

54 2 POLYCASA . - - - - ? - - ¥e operation
b5 1 NACERN - - - - 1 §000 2.

86 - RICATRX - - - - 2 - - ©Bo use

51 - CRISCASA : - - - - i - - ng use

58 - KNISURRO - - - - 1 - - Lo Use

59 38 INCAS - - - - 13 S T £ .

60 30 EMPROSEX - - - - 1 - - R ese

61 - ALUNISA _ - - - - 1oere - for dowestic use
62 35 SATHSA - - “ - 1 - - na use

63 - BSC. WACIORAL AGRI. - - - - 2 - for irrigation
64 40 TIPTOP - - - - 3 OR0000 4548 B

85 - GRAWJA LA TRINIDAD - - - - ! 160000 6064 B

56 31 HOTBL CAKIKO REAL - - - - 1 270000 19233 0

67 3% ROTBL LAS KBRCROES - . - . 1300000 137 0

68 - Bl CARON - - - - i 8000 16,32 for dogestc
69 - SANTA ANA - - - - ] 1315 4,9838%  for domeste
10 - GRANJA BL HADRRAL WINDR{ - - - - i 3900 14.781  [or domeste
11 - COOPERATIVA JULIO RODORIGRL - - - - I - - BO Use

T8 - GRARJA LA BARRAMCA - - - - | 5000 18,95 for domeste
n - BUBKOS ALRES QUINTA HEDISON - - - - i - - © Be use

4 - HACIBRDA 0§ AIPES - - - - i 260 0.9854  for domestc
5 - SKHTAJULIA - - - - I 260 0.9854  for doaestc

TOTL £307000 26177.53 £818900 18563.63
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4.6 Test Well Drilling and Pumping Test

4.6.1 9Yest well drilling

- After the completion of the necessary investigations for
-Phase I and Phase 11, the target sites for test drilling were
finally selected, as shown in Figure 4.1.3, seeking to achieve
the following purposes:

a) To investigate groundwater occurrence and hydraulic aquifer
characteristics and to -evaluate the overall potential of
groundwater resources in the Study area. '

b) To examine groundwater suitable as drinking water, and to
clarify the groundwater flow mechanism by comparing the chemical
components of groundwater in dlfferent geohydrologlc sub-areas
and aguifers. .

Cc) To select priority areas and to formulate a groundwater
develbpment plan for the selected priority areas.

The test well construction' accompanied by pumping test
started on June 10th, 19962 and was finished on November 18th 1992
(see Table 4.6.1). The cumulative drilling depth of 5 test wells
was 1,266 meters. The test drilling results are summarized in
Table 4.6.1 and 4.6.2, and the detailed drilling records and well
logs are presented in Supporting Report.

The following major findings were obtained from test well
drilling.

(1) JI-1 Well

This test well was drilled to investigate groundwater
.occurrence -and hydraulic aquifer characteristics of the Middle
Las Sierras Group, and to confirm existence of hydrogeologically
impermeable basal layers from electric prospecting resultis.

Although this test well drilled from June 10th 1992 was
supposed to be 400 meters, it was only drilled to a depth of 300
meters due mainly to a very unstable formation of very loose ash
flow with more than 150 meters thickness. Therefore, the
-existence of a hydrogeologically impermeable basal layer was not
confirmed, but new geological findings, as shown in Figures 4.6.1
and 4.6.2 were obtained.

4-100



Based on existing geological data and - information, it .is
believed that the Middle Las Sierras Group is composed mainly of
basaltic compact agglomerate, and partially of thin beds of
porous scoria like the aquifers. Howeveér, this test well has
revealed the existence of a formation somewhat different from the
commonly known Middle Las Sierras Group. The compact agglomerate
of the Middle Las Sierras Grop from the ground surface is only
80 meters thick, and a very thick formation of volcanic materials
composed of scoria flow with fossil soils, basaltic porous lava
and pyroclastic flows and ash flows more than 220 meters thick
are underlain. ' These volcanic materials underlying the well
known Middle Las Sierras Group are considered to be one of the
initial volcanoes of the Las Sierras Group, although it is not
sure whether it is widely distributed as a member of the Middle

Las Sierras. Group. A presumed geological structure and a
schematic geological section of the .area are shown in Figures
4.6.1 and 4.6.2, If the presumed structure is correct, this

would prove the area to be hydrogeoclogically promising as it
forms a good groundwater reservoir (Sc:19,464.48 m*/day/m).

(2)y JI-2 Well

This test well was drilled to. investigate groundwater
occourrence and hydraulic aguifer characteristics of the Masaya
Group Volcanics and Middle Las Sierras Group

The drilling works started on June 17th 1992 and. was
finished on November 18th 1992. The target depth was 200 meters.
The drilling of this test well took about 59 days due to hard
rock formations such as basaltic lavas and compact tuff brec1a
which caused frequent equipment breakdown.

This test drilling work confirmed that the principal water
bearing formation in the area is the Masaya Group Volcanics
composed of fissured and porous basaltic lava, auto-brecciated
basaltic lava and pyroclastic flows such as porous scoria and ash
beds (Fig. 4.6. 1)

This study carried out a pumping test for the existing well
at Fl Pique located between JI~2 and JI-3 wells. The drilled
depth of the existing well is '138.4 meters and its lithologic
facies is presumably similar to that of the JI-2 well. However,
the screen position of this existing well is unknown, and rather
poor pumping test results suggest that the screens have not been
properly placed.
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The results of pumping test of the above two wells were as
follows: : '

_ _ - JI-2 _ El.Pique
pischarge (m’/day) 2,469.12 2,469.12
Static Wat. Lev.(Gl-m) 43.47 | 39.80
Drawdown (m) 3.59 8.37
Specific Capacity 687.77 295.10
(m*/day/m){(g/m/feet) _ 38.47 16.50

(3) JI-3 Well

Test well drilling was carried out mainly for the following
three reasons:

a) To investigate groundwater occurrence and hydraulic aquifer
characteristics of the Masaya Group Volcanics and Middle Las
Sierras Group.

b) To confirm existence of hydrogeclogically impermeable basal
layers, inferring from electric prospecting results.

d)  To investigate géothermal conditions at the deeper portion
.0of the area in connection with the hot spring at Tipitapa and its
surroundings. '

The drilling works of this test well started on June 15th
1992 and was finished on November 4th 1992, Although a depth of
400 meters was primarily intended, the actual drilled depth was
only 366 meters because o0f the achievements of the above
mentioned study purposes.

The major findings of this test well drilling works are the
following:

{(a) As shown in Figure 4.6.3, the existence of the Upper Coyol
Group, which is composed of purplish brown weathered dacitic
ignimbrite with fossil soil bed and pale greenish blue aphanitic
dacite underlying the Middle Las Sierras Group, was confirmed at
a depth between 266 and 366 meters.

(b) The above information was coliected from the observation of

drill cuttings and rock fragments (7 X 7 X 4 cm) taken from the
borehole.
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The lithologic characteristics were confirmed to be very
similar to those of an ocutcrop of the Upper Coyol Group. The
confirmation of the existence of aphanitic dacite, supposedly an
intrusive rock extended in the NNW~S8SE direction, was also
anticipated from the electric prospecting results.

{c) Weathered dacitic ignimbrite 1s accompanied by very loose
clayey materials, and aphanitic dacite has a network of small
cracks showing signs of weak weathexring.

{(d) The principal agquifers of the area are pyroclastic fall and
flow beds consisting of scoria and rock fragments of the Masava
Group Volcanics, interfingered deposits of the Masaya Group
Volcanics and diluvium consisting of fine to coarse sand with
silt, and weathered agglomerate with fossil so0il and thin scoria
beds of the Middle Las Sierras Group.

The pumping test showed the following results:

Screen length in the QvM & Qdl(m) 60.96
Screen length in the TQps(M){m) 40.29
Discharge (m’/day) 2,998.08
Static Water Level (GL-m) 14,52
Drawdown (m) 2.68
Specific Capacity (m®/day/m) 1,118.64

Geothermal conditions were studied according to the
following information:

a) Temperature of groundwater

13.70-240 w 35 °C
240-250 m 35-36 °C
250-255 n 36-38 °C
255 - 7?7 m 38-39.5 °C
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b} As shown above, the temperature of groundwater in this test
well increased from 35 °C at the drilled depth of 240 meters to
39.5 °C. The lithology in this test well varies from the Middle
Lag Sierras Group to dacitic ignimbrite and dacitic intrusive
rock of the Upper Coyol Group at the depth of 266 meters, and in
this connection, the temperature in the well increased from 35
°C to 39.5 °C. The gamma ray value increased also from 3 c.p.s.
order in the Middle Las Sierras Group to 15-16 c.p.s. order in
the Upper Coyol Group.

c) ‘In this test well, 4 water samples were taken at depths of
164.59, 214.58, 264.57 and 314.55 meters. The results of
chemical analysis 1s described in the section "Groundwater
Quality". :

(4) JI-4 Well

. This drilling site was selected to investigate the hydraulic
aquifer characteristics of a zone in the Middle Las Sierras Group
with a low yielding capacity.

The main aquifers of the area are weathered agglomerate with
fossil soil beds, with a total thickness of 28.10 meters, and
fractured agglomerate below. The pumping test results are as
follows:

Tbtal screén length (m) . 71.00
| bischarge (m’/day) 1471.68
Static Water Level _ 94,28
Drawdown (m) 11.89
Specific Capacity (:{n?'/day/m) 123.77

{5) JI-5 Well

‘This test well was drilled to investigate hydrogeclogical
structure .of the Los Brasiles Valley and aquifer characteristics
of the Middle Las Sierras Group, and to investigate lithological
conditions of El Salto Formation supposedly clarified from
prospecting results.

The main aquifers of the area are weathered agglomerate with
fossil so0il beds (30.50m), fractured agglomerate (37.75 m), and
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basal layer of tuffaceous coarse sandstone and fine conglomerate
on top surface of the El Salto .Formation (6m).

The existence of the El Salto Formation has been confirmed
at depths between 167.64 and 200 meters, and was found to consist
of tuffaceous sandstone and siltstone with sandy tuff, tuffaceous
fine sandstone with fine fragments of shell fossil, and
tuffaceous fine conglomerate with calcareocus gravel

The hydroge010gical structure of the Los Brasiles Valley is
represented in Fig. 4.1.8. Since the estimated depth of El Salto
Formation. was proven accurate . by the electric prospectlng
results, this prospecting method is sure to be very useful to
confirm the depth of the Tertiary formations such as El Salto and
Brito underlying the Las Sierras Group.

The following pumping test results_were obtained from this
test well. ‘The high yielding capacity of the well, which is
contrary to what was expected, is. presumably due to the good
quality of the aquifer of basal layer of tuffaceous coarse
sandstone and f;ne conglomerate overlying the top surface of the
El Salto Formation.,

‘Total screen length (m) - 54.00
Discharge (m®/day) : 1,471.68
Static Water Level (GL-m) ©100.18
Drawdown (m) . : 1.83
Specific Capacity (m‘/day/m) 804.19

4.6.2 Pumping test

Step drawdown, the constant rate and recovery tests were
carried out in the 5 drilled wells and in 2 existing wells, using
a submersible motor pump provided by JICA and a vertical turbine
punp prepared by the contractor, in order to estimate aquifer
properties. ' ' :

The number of steps, the pumping duration and other pumping
conditions are as follows:
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(a) Step Drawdown Test

"Five (5) step drawdown tests were conducted in order to
estimate optimum discharge, formation loss and well loss of a
single well. During the test, the pumping rate was increased in
all five (5) steps at regular intervals. This pumping rate at
each interval was determined based on the results of the
preliminary pumping test. The pumping duration of each step was
2 hours.

{b) Constant Rate Test

This test was conducted after the step drawdown test when
the water level recovered up to the original static water level.
The constant pumping rate was determined from the results of the
step drawdown test. The pumping duration was 48 and 24 hours.

{c) Recovery Test

Time-recovery measurement of water level was carried out for
24 hours, immediately after constant rate pumping was completed.

Prior to the normal pumping test on the borehole mentioned
above, swabbing and bailing were carried out as parts of well
development work. Bailing work lasted for about 24 hours.

Time-drawdown and time-recovery measurements were plotted
cn log-log and semi-log graph paper in order to calculate
transmigssivity, permeability, and storage coefficients. Methods
of analysis used in this study were Theis' and Jacob's which are
applicable to unconfined agquifers in unstable conditions.

The detailed pumping test results are given in SUpporting
Report and summarized aquifer parameters are shown in Table

4.6.1.

The main aquifer properties in the study area are described
in the section "Hydrogeological Features of the Study Area”.
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Cuadro 4.6,1
Table 4.6,1

General Feature of Seven Test Wells

Caracteristicas generales de 7 pozos exploratorios

Nombre de Pozo JICAJJICAJICA|JICA]!]JICA:] juan No._ 1285
(Well Name) No, 1 [Neo, 2|No, 3|No. 4|No, 5 Ramon
' i Robles
1, Direceion Las = - . [ Yeracruz | Sabana Socrates { Bello BL - lermanos
- {Address) Madrigales, Grande Sandino | Amanecer | Pique Rosales
2.latitud }_2' 12° 127 12° 1z i2* 11
(Latitude) 03 3071 067 @371 087 5671 067 4371 08/ 227 05 537 | 59" 407
Longitud . 86° 86° 86" 86° 86" 86° 86°
(Longitude) Y 437 ) 09¢ 327 0877 59Y 127 517} 07 514 097 44%| 06 29*
3. Blevacion . Aprox. Aprox. Aprox, Aprox, Aprox. Aprox. | Aprox,
(Blevation) - 220 125m 8 860 145m 109m' |  255m
4, Diametro. del ademe: : o _
(Diameter of Casing Pipes) 127.3/4 1 129°3/4| 127 °3/4 | 127 3/4 127 3/4| 137 1/ 6% .
5. Perforadoe por JICA JICA JICA JICA JICA - -
{Drilled by) btudy TeamStudy TeanStudy TeamBtudy Teanpitudy Team
f.Pecha de inic.y final de la} Jun, 10 Jun, 17 Jun, 15 Jun. 19 Jun, 18 - —
perfor S 1392 1992 1832 1992 1992
{Bigining and Completion Nov,16 | Nov.13 | Nov.14 | Oct.20 | 0Oct,23 - -
' Date of Drilling) 1992 1992 1932 1992 1892
1.Tiempo que tomo{Spent days)
(dias:days) 160 - 155 153 16 63 ° - -
8.Posicion de rejilla . ‘
(Screen Position) 107,28 88,84 19.46- | 109,00 114,80 - -
1)Tipo puenle{Bridge Type) ~156,05 | ~105,91 | ~ 29,21 | ~130,90 ¢ ~151 40
(Nivel de tierra -m) |174,80 118,16 | 41,71 137,20
{Ground Level -u) ~136.99 | ~152.30 | ~ 92,92 ~156.70
170,68 141,12 162,90
~182,58 | ~155,75 | ~115.10
1 218,13
~220,59
2)}Jhonson 186,98 71,44 105,42 175,10 163,60 - -
(Nivel de tierra -m) | ~210.16 | ~ 88,834 | ~178,62 | ~192,50 | ~181,00
{Ground Level -m)
9. Longitud de rejilla
{Screen Length)
1)Tipo puente {Bridge Type) 60, 96 63.74 78.05 53,60 36,60 = -~
2}]ohnsen ' '
{m} 23,17 17,40 23.20 17.40 17,40 - -
10, Temperatura de agujero - 34,9 35.3 32,0 40,17 - -
(Temperarure of Borehole)(°C) (200m) (280m) {200m}) (200m)
L1, Temperalura de agua
(Temperature of Water}) (°C) - 28,6 3.5 30,9 5.0 30.3 -
12, Conductividad{Conductivity) ‘
{mS/cm) - 1180 - 0. 361 1,000 1,003 -
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Cuadro 4,6, 2

Resultados de pruebas de bombeo

Table 4.,6,2 Results of Pumping Test
Nombre de Pozo JICA | JICAJJICA|JICA|[JICA/| Joan No,
(¥ell Name) No, 1 |No. 2| No, 3|No, 4| No. 5] Rawn 1285
. Robles
1, Profundidad }
(¥ell depth) {m) 300 200 368 200 200 138 -
2. Longitud de rejilla .
(Total' Screen Length) (m) | 84,13 81,14 101, 25 71,00 54,00 - -
3. Principal formacion acuifera | TQps{M) [ QvM. QvM, - Tps (M) | TQps{M} QvM TQps (M)
(Main Formation of Aquifer) Teps () | TOps () o
4,TFecha de Lombeo Nov. 14~16; Nov, 16~18| Nov, 12~14 Oct, 14~18] Qct,, 21~23| Oct, 03~08 Jul. 08
(Pumbing Test Date) 1392 1992 1992 1992 1992 1992 1992
5 Nivel estatico de agua . '
(Static Water Level)(G.L.-m)] 104,24 43,47 14,52 94, 28 100,18 39, 30 96,73
6. Caudal .
(Discharge Rate) {ni/d) ‘1,483 2,469 2,998 1,472 1,472 2,470 87
1. Descense
{Drawdown) - {m) |1 0,076 3.58 2.68 11,89 1.83 §.31 8,47
8, Capacidad Bspecifica(C.B.) . .
(Specific Capacity) (mi/d) 19, 464 588 1,118 124 304 295 183
9, Transmisivilidad '
{Transmissivity)
1}a, Theis - 915 - T 50 123 323
b. Jaceb - 1,291 3,658 150 261 192 364
2)Recuperacion {Recovery Test) - 1, 290 3,429 112 - 165 332
3)T=1,22 XC. &, 23,746 839 1, 364 151 981 360 223
10, Storage Coefficient
- 3,24 x10-8 - i, 82 10-! - - -
- b1, Aguifer Loss Coefficient
. {d/mt) - - 5, 9% X 10-*H, 42 102 —_ - -
12, ¥ell Loss Coefficient
(@' /m*) - — L 10X10-TR. 57X 10-5 - - -~
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4.7 Water Quality

4.7.1 Review of Previous Reports

Previocus reports were reviewed in order to evaluate water
quality condition in the Study Area. Many physical analysis were
conducted through hydrogeocleogical investigations.

"FUENTES ALTERNAS DE ABASTECIMIENTO DE AGUA DEL COMPLEJO
INDUSTRIAL HERCASA~ELPESA, 1988" reported the groundwater guality
in the industrial area located North of Lake Asososca. In this
Study, physical, bacteriological and isoctopical water quality
analyses were conducted.

The results of the analyses showed problems in shallow
aquifers near the ground surface and that confined or semi-
confined agquifers in deeper zones have not yet been contaminated.
The results are as summarized below:

(a) The chemical components of Lake Managua, Nejapa and
Tiscapa are considered carbonated and high in pH. On
the other hand, the wells in the industrial area are
found to contain high Ca and Cl concentrations due to
industrial waste water intrusion. However, Cl is
considered to come from industrial products while Ca
is from the soil.

{(b) Lake Aachualinga area is considered as a s=source of
contamination to the surrounding wells.

{c) Asososca lake generally contains low 2Zn, B, Cu, Cd,
Hg and Pb concentrations in comparison with the Water
Quality Standard. High Fe concentration is found in
some points of the industrial area.

{d) According to the results of the analysis of B, the
aquifer in the industrial area has never been affected

by the water of Managua Lake.

(e) Some wells in the industrial area are contaminated
with pesticides.

(f} The results of the bacteriological analysis show no
problems concerning the use of this water for
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drinking. ; :
(g) According to the isotopical analysis of water pumped
. in the industrial area, the water of Managua lake has
not intruded the deep aquifers.

4.7.2 General Component -

Water quality analyéis was conducted to evaluate groundwater
flow system in the Study Area and suitability for drinking.

Water sampling to evaluate the distribution in the whole
area was principally conducted in February—May; while
supplementary sampling was conducted in July-October. Samples
were taken from every 50m deep well through test driliings and
after completion of pumping test. Laboratory tests were conducted
in the INAA laboratory.

Table 4.7.1 shows the 7results of the analysis, and
Fig.4.7.1(1)-(4) and 4.7.2 show the Triliniar diagram and pattern
diagram, respectively. '

Results of the Tritium analysis are discussed in Section 4.8.

Table 4.7.2 shows +the World Health Organization (WHO)
standard quality for drinking water. '

Surface water of lakes and rivers contain similar
characteristics because they are almost recharged by groundwater.
The Ph value found in the surface water ranges from 7.2-8.2,
while conductivity and dissolved solid values range from 230-800
micro S/cm and 110-700, respectively. These values are largely
distributed in the northern part of Sabana Grande-Cofradia-San
Rafael area. On the other hand, a maximum amount of major ionic
species were also observed, esxcept in Lake Apoyo.

4.7.3 Triliniar and pattern diagrams

The locations plotted in the trilinear diagram show the
characteristics of water with respect to the groundwater flow
system. In:the case of the Study Area, most of the peoints are
distributed in areas high in (CO3+HCO03), except for Lake Apoyo
and Lake Nejapa, both considered to be largely influenced by
volcanic activity. The hot spring water in Tipitapa is also
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located in the same position.

Moreover, samples taken from the upstream area (where the
period of stay is short) like Km 16 Leon and San Marcos are
located in areas where the Ca+Mg ratio is small. The samples
taken downstream {(where the period of stay is longer), on the
other hand, are located in areas were the Na+K ratio is big.
This may be attributed to the ion cation exchange process,
wherein an NaZ+, K+, Mg2+, to Ca2+ exchange process is generally
considered favorable.

Most of the plotted conditions clearly indicate similar
conditions.

The stiff pattern diagram also shows the same condition

above, and an increase in ion concentration was observed in the
gamples from Sabana Grande-Cofradia-San Rafael.
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Table 4.7.2 Water Quality Standard

0.M. 8§,

MNORMAS INTERNACIONALES APLICABLES AL AGUA DE BEBIDA

Substancias tdxicas

Substancias

Concentracidn limite
(mgfl)

Plomo . . .
Arsénico .
Selenio . . . .

Cromo (en Cr hexavaleate) .

Cianuros .

Cadmio - .

Bario . . . . .
™ Nitratos (en NO,)

. .

- e

- [

— n o= G O

-

M""OOPOOQ
CODO OO

F-N

Substancias y propiedades quimicas que influyen en la potabilidad del agua

Substancias

Concentracion mdxima

aceptable

Concentracion mdxima
admisible

Materias sélidas totales .,
Color
Turbidez
Gusto

.....................

h Hiemmo (Fe) ...............
Manganeso (Mn)
Cobre (Cu)
\ Cinc (Zn)
Calcio (Ca)
\Magnesio (Mg)
~ Suifatos (S0,
™ Cloruros (Cl)
PH ..
Sulfato magnésico -+ sulfato
SOAICO v v e e
Compuestos fendlicos (en
fenol)
Extracto cloroférmico sobre
carbén (ECC: contaminantes
orgdnicos) ....... ..l

..........

...............

...............

............

.............

...................

Alquilbencensulfonatos (ABS:

agentes tensioactivos) «...

5060 mg/l
5 unidades *
5 unidades **
Limite subjetivo
de aceptacién
Limite subjetivo
de aceptacidn
0,3 mg/l
0,1 mg/l
1,0 mg/fl
5,0 mg/fi
75 mgfl
50 mgfl
200 mgfl
200 mg/l
70 < pH < 8,5

500 mg/l

0,001 mg/i

0,2 mg/l

0,5 mg/l

1560 mgA
50 unidades
25 unidades

1,0 mg/l

0,5 mg/l

1,5 mg/l

15 mg/fl

200 mg/l
150 mg/l
400  mg/l
600 mg/l

6,35 < pH < 9,2

1000 mgfl

0,002 mg/fl

0,5 mg/l

1,0 mg/l

{*) Escala colorimétrica al platino-cobalto.
(**) Unidades turbidimétricas.
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CATIONS ANIONS,

Fig. 4.7.1 Triliniar Diagram _ :
(Eastern Hydrogeological Basin)
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4.8 Hydrogeological Features of the Study Area

4.8.1 Hydrogeological aspects

There are three principal water-bearing formations in the
Study area: Alluvial deposits with Quaternary pyroclastic
materials; Masaya Group Volcanics, and Middle Las Sierras Group.
The E1 Salto formation and other Tertiary formations are regarded
as hydrogeclogically impermeable layers (aquitard or aquiclude).

(1) Alluvial deposits with Quaternary pyroclastic materials

The alluvial deposits are mainly distributed in the Los
Brasiles Valley between the Mateare fault scarp and the volcanic
chain of Apoyeque, Asososca, Nejapa and Ticomo, and the
surroundings of the Las Mercedes shore area.

1) L.os Brasiles Valley

The valley is filled up with debris deposits mainly from the
Mateare fault scarp, lake deposits composed of sand, silt and
clay, and the Quaternary pyroclastic materials such as pumice and
scoria. These deposits show relatively high yielding capacity
as shown in Table 4.8.1 (1). The principal aquifer in alluvial
deposits'is egtimated to be found in coarse sand, pumice and
scoria layers. For example, the existing wells with a depth of
around 120-150 meters produce 2,000-6,000 m’/day by a drawdown of
around 5 meters in the northwestern part of the valley.

However, the alluvial deposits in the southern half of the valley
are found above the layer where groundwater flow is observed.
Thus, saturated groundwater areas within the alluvial deposits
are only limited to the northern half of the valley.

2) Las Mercedes shore area

The shore area of Lake Managua surrounding Las Mercedes is
underlain by alluvial deposits and Quaternary. pyroclastic
materials. According to the electric prospécting results and
from the review of existing borehole records, the alluvial
deposits in this area are estimated to mainly contain fine sand,
silty and clayey materials with lenticular or thin beds of coarse
sand and gravel, while the Quaternary pyroclastic materials are
presumably composed of volecanic ash and debris flow dep081ts from
the Masaya Group Volcanics and the Las Sierras Group.
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* From the above meéntioned lithological characteristics, it
is estimated that the alluvial deposits and the Quaternary
pyroclastic materials in the area show relatively low yielding
capacity as shown in Table 4.8.1 (10), and control the springs
of groundwater from the Masaya Group Volcanics, as shown in the
iso-value line map of specific capacity (Fig.4.8.3) and
'hYdrbgeological map (Fig.4.1.7}). - ' .

(2} Masayé Group Volcanics

The principal aquifers of the Masaya Group Volcanics are
basaltic-andesitic porous and auto~-brecciated  lava flows,
permeable pyroclastic flow and pyroclastic fall deposits
consisting mainly of coarse-grained scoria with rock fragments.

These water-bearing volcanic deposits are mainly underlain in.an
old valley which is estimated to be formed along Ticuantepe,
veracruz, Sabana Grande and Las Mercedes in the Middle
Pleistocene, and generally have a high yielding capacity, as
shown in Figure 4.8.3. In this Study, two test wells were
drilled in Veracruz (J-2) and the eastern part of Sabana Grande
{(J-3) for the hydrogeological investigation of the Masaya Group
Volcanics condition in an underground valley; the results of the
test well drillings are as follows:

J-2 J-3
Screen length in QvM (m) 34.47 0 60.96
Screen length in prs(M)(m) 51.21 40.29
ﬁiScharge (0= m*/day) | 2,469.12 2,998.08
Sfatié water level (GL-m) '43;47. 14.52
Drawdown (s= m) ' ' 3.59 2.68
Speéific cépacity (Sc = ﬁﬁ/day/m) - 687.77 1,118.64

The existing main well fields of the Masaya Group Volcanics
are in Carlos Fonsecs, Sabana Grande and Veracruz. However, the
water-bearing formations of these well fields also characterize
the Middle Las Sierras Group, as many wells drilled through the
Masaya Group Volcanics penetrate the Middle Las Silerras Group.
These well fields produce the following gquantities of water.
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Carlos Fonseca (16 wells) 73,808 m*/day (4,613 m*/day/well)
Sabana Grande ( 5 wells) . 14,913 m’/day (2,982 m’/day/well)
.Veracruz ( 7 wellg) 13,205 nﬁ/day.(l,BBG_nﬁ/day/well)

Total (28 wells) 101,926 m’/day (3,641 m’/day/well)

As mentioned before, there are many. sprlngs of groundwater
from the Masaya Group volcanics nearly along the hydrogecological
boundary zone it shares with alluvial deposits (Fig. 4.1.7)}.
These springs, however, are of lithologically different Masaya
Group - Volcanics - (highly permeable) and alluvial deposits
(relatively low permeability, see Fig. 4.8.3). The total
discharge gquantity from these springs is about 1.3 m¥/sec
(February 1992).

From the above mentioned hydrogeological point of view, the
Masaya Group Volcanics is expected to be the most important
source for future groundwater development in the Study area.

(3) Middle Las Sierras Group

The Las Sierras Group (TQps) in the Study area consists of
the Middle Las Sierras Group [TQps(M)] and the Upper Las Sierras
Group [TQps(s)]). The former is distributed in all sub-areas in
the Study area while the latter, the object of concern, is only
distributed above the layer where groundwater exists.

TOps(M) yields large quantities of groundwater from porous
permeable layers such as pyroclastic flows and pyroclastic fall
deposits of scoria with rock fragments, as well as from weathered
zones with fossil soils and fractured zones of basaltic-andesitic
compact agglomerate with tuffbreccia and tuff. The existing
wells of INAA drilled into TQOps(M) are concentrated in the
Managua central geohydrolic sub-area and produce large quantities
of groundwater from aquifers'of TOps(M).

Wells ( 53 ) 179,788 m?/day (3,392 w’/day/well)
Lake Asososca 39,743 m*/day
Total 219,531 m*/day
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Aquifer characteristics of TQ0ps{(M) obtained from the results
of test well drilling in this Study are summarized in Table
4.8.2. : : ‘

There is a hot spring naturally flowing out from the
outcrops of TQps(M) at the river side of Tipitapa. Besides, it
is known that some of the boreholes drilled near the areas of
Tipitapa and Los Robles in the northeastern part of the Study
area have encountered the hot spring aquifer of TQps(M). As
shown in the hydrogeological map (Fig. 4.1.7), these hot spring
aquifers are estimated to be controlled by a fault zone extending
in the NNE-SSW direction. - The chemical components of the hot
‘spring at Tipitapa are as follows:

Temperature : 97oC ' S0, 10 mg/1
PH : HCO, : 146 mg/1
Na : 233 mg/l Mg : 1.2 mg/1
K : 15 mg/l 5i0, : 150 mg/1
Ca : 24 nmg/1 co, 6 mg/1
Ci o .316 mg/1 TDS .: 1002 mg/l

. One of the purposes of test well drilling (J-3,400 meters)
was to investigate geothermal conditions in +the area in
connection with the above mentioned hot spring. The result was
already described in the "Test Well Drilling" section.

4.8.2 Geophysical features of hydrogeoclogy

In this Study, 83 points of electric resistivity sounding
were carried out. This electric prospecting employed the Gish-
Rooney method with Wenner's and Schlumberger's ‘' electrode
configurations and McOHM type resistivity meter. An outline of
this prospecting method is given in Supporting Report and the
breakdown of the field work is as follows:
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Wenner's electrode configuration

Pfospecting depth (Gl-m) Survey points

Phase I 100 - 200 : : 44
Phase 1I - 215 N
Total . : (10,005 m) - . . 50

Schlumpberger's electrode confiquration

Prospecting depth (Gl-m) Survey points

Phase I - 400 - 500 : . 8
Phase II 500 - 750 25
Total . . (20,250 m) - Ny . 33

These survey points were selected based on the
hydrogeological conditions resulting from geological and
hydrogeological reconnaissance with aerc-photo interpretation,
and the review and analysis of existing hydrogeclogical data.
The major purposes of this electric proSpecting work were:

-~ To investigate the hydrogeological conditions of an old
valley fully distributed with Masaya Group Volcanics.

- To get detailed information on aguifers of the Middle Las
Sierras Group. :

- To investigate hydrogeological characteristics of the El
Salto Formation and other Tertiary sedimentary rocks within
hydrogeologically impermeable basal layers of the Managua
geohydrolic area.

The electric prospecting results were hydrogeologically
analyzed and the outcome of the analysis wére correlated with the
apparent electric resistivity values and lithofacies, as shown
in Table 4.8.3, The result of the correlation was used as a
basis in the formulation of hydrogeological cross sections shown
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in Fig. 4,1.8 to 4.1.12. The top elevation map of
hydrogeologically impermeable basal layers underlying the Lag
Sierras Group shown in Fig. 4.8.2 was prepared for water balance
analysis, which should be based mainly on the results of electric
prospecting  and its geological and hydrogeclogical analyses
(Table 4.8.4). The hydrogeological analysis of the electric
prospecting results, briefly mentioned above, will be detailed
in a later section. '

4.8.3. Permeability of aquifer

In this Study, existing boreholes data containing discharge
or pumping test records were collected as much as possible, and
were analyzed and reevaluated hydrogeologically by type of
aquifers and by geohydrolic sub-areas. As a result of this work,
‘fable 4.8.1 and the iso-value line map of specific capacity shown
in Fig. 4.8.3 were prepared to evaluate permeability of aqu1fers
in the study area.

The major hydraulic characteristics of aquifer that affect
groundwater movement and development potential are the ability
to - transmit and to yield water  from storage, and both
characteristics are evaluated by pumping test. The specific
capacity 1is the amount of yield divided by dlawdown and
empirically, transmissivity is glven by: - :

T = aQ/s = aXSc----———------==- (n)
Where:

T = Transmissivity (m?/day)

Sc = Spécific_capacity (m*/day/m)
8 = .Drawdown in the borehole (ﬁ)
0 = VYield of borehole (m’/day)

a = Dimension-less constant

(Based on field experience, Logan in 1964 suggested
a = 1.22).
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The existing records of transmissivity resulting from proper
pumping tests are limited to a few well fields such. as. Carlos
Fonseca, Sabana Grande and Veracruz. Therefore, transmissiv1ty
in Table 4.8.1 involves estimated values from. the existing
records of speCLch capacity by use of the above: equatlon (A)

As shown in Table 4. 8 1 and Fig. 4. 8. 3 remarkably different
features of aquifer permeabllity is found throughout local
geological and topographical conditions of every geohydrolic sub-
areas. = The Masaya Group Volcanics rank first in high
permeability, followed by alluvial deposits and the Middle Las
~ Sierras Group.

Areal features of aquifer permeabillty are summarized as
follows: - '

{1) Western sub-area

The principal water-bearing formations 'aré alluvial
deposits, Quaternary pyroclastic materials and the Middle Las

Sierras Group. As shown in Fig. 4.8.3, there is a zone of
relatively hlgh permeability and high ylelding capacity in- the
northern. half of the sub-area. It is estimated that water-

bearing layers of this highly permeable zone consist mainly of
weakly consolidated and porous pyroclastic materials {scoria and
pumice}, and sand oxr sandy beds of the Quaternary. The avearage
transmissivity (T) and specific capacity (Sc) wvalues of the 11
existing wells in this highly permeable zone are as follows:

T ¢ 821 m’/day

Sc : 673,44 w’/day/m

According to the results of electric prospecting and test
well drilling (J-5), the Middle Las Sierras Group of this sub-
area unconformably overlies the El Salto Formation and the Brito
Formation, as shown in the hydrogeological cross section in Fig.
4.1.8. Apparent resistivity values of these Tertiary formations
are as follows:

El Salto Formation 3 -~ 24 ohms (in general, 3 - 10 ohns)

Brito Formation 133 - 990 ohms
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From the electric resistivity values and existing borehole
records {Table 4.8.1 (12)), these Tertiary formations are
regarded as hydrogeologically permeable basal layers. The shape
of the top surface of Tertiary formation is estimated as shown
.in Fig. 4.8.2.

(2) Managua central sub-area

The principal water-bearing formation in this sub~area is
the Middle Las Sierras Group. According to some of the existing
borehole records and the results of test well drilling such as
J-1, J-4 and J-5 in this Study, the main aquifers of the Middle
Las Sierras Group in the sub-area consist of fractured and
weathered zones with fossil soils of basaltic-andesitic compact
agglomerate with tuffbreccia and tuff, and local porous and
permeable layers of pyroclastic flows and pyroclastic fall
deposits (scoria beds). :

As shown in Table 4.8.1, the existing data on the specific
capacity of the 19 wells in the Asososca -Ticomo Volcances well
field and 47 wells in the Managua Central well field were used.
Average values of specific capacity and estimated transmissivity
of these areas are as follows:

Sc (m*/day/m) T(m?/day)
Asososca-Ticomo Volcanoes
Well field (19 wells) 417 .60 509
Managua central well field
(47 wells) : 320.64 : " 391

Total (Managua central sub-area) : :
(66 wells) 348.48 425

Fig. 4.8.4 was prepared to analyze the relation between
specific capacity and drilled depth in the saturated zone of the
Middle Las Sierras Group, based on existing borehole records on
drilled depth, static water level and specific capacgity. The
Figure indicates no correlation between specific capacity and
drilled depth in the saturated zone, and that specific capacity
values of those existing borehole records are mainly influenced
by local geological and hydrological conditions affecting the
Middle Las Sierras Group.
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.. Resulting from the above analysis and consideration, highly
permeable zones, with a specific capacity similar to. the Middle
Las Sierras Group in the sub-area  shown in Fig. 4.8.3, are
estimated to be strongly affected by fractured. zones of NE-SW
fault systems, rather than by lithological conditions of the
Middle Las Sierras Group itself,

The probable existence of Tertiary formations. regarded as
hydrogeologlcally impermeable basal 1ayers presented in the
hydrogeological cross sections shown in Fig. 4.1.8 and 4.1.10,
and the shape of those top surfaces is presented in Fig. 4.8.2.

{(3) . Bastern sub-area

As mentioned before, the principal water-bearing formations
in the sub-area consist of alluv1al dep091ts and Quaternary
pyroclastlc materials, the Masaya Group Volcanics and the Middle
Las Sierras Group. Of these formations, Masaya Group Volcanics
was congidered to have potential for groundwater development,
followed by Middle Las Sierras Group and the -ailuvial.

The total existing borehole records of 44 wells in this sub-
area wWere collected to evaluate permeability of those water-
bearing formations shown in Table 4.8.1. Meanwhile, the iso-
value live map of specific capacity shown in Fig. 4.8.3 was
prepared, based on the above mentioned borehole records and the
geological and hydrological conditions of the sub-area.

As shown in Table 4.8.1, the majority of the specific
capacity values in this sub-area are composite specific capacity
values of multiple water-bearing formations such as a combination
of the Masaya Group Volcanics and the Middle Las Sierras Group.
Therefore, Fig. 4.8.3 was tentatively prepared as the average and
representative distribution map of the specific capacity value
of all water-bearing formations of this geohydrolic sub-area, for
convenience of water balance analysis.

Average values of specific capacity and estimated

transmissivity of the main local well fields in the sub-area are
as follows: : :
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Western area of Sabana Grande and Carlos Fonseca (8 wells)

Main water-bearing formation : TQps{M)
Sc : 363 ms2?/day/m(252 1/min./m)
T : 443 m¥/day - (3.07 X 107! m’/min.)

Sabana Grande - Carlos Fonseca - Cofradia (15 wells)
Main water-bearing formations : QvM and TQps(M)
Sc ¢ 1,597 m*/day/m (1,109 1/min,/m)

T - : 1,948 m¥/day (1,35 m?/min)

Las Mercedes including part of Carlos Fonseca (7 wells)

Main water-bearing formations ! Qal, QvH/P and QvM
'8¢ : 184 wm*/day/m (128 1/min./m)
T : 215 m*/day  (1.49 X 10! m¥*/min.)

Veracruz and its surroundings (4 wells)

Main water—bearing formations ; QvM and TQps(M)
Sc : 1,466 m*/day/m (1,018 1/min./m)

T : 1,794 m¥/day (1.21 m*/min.)

Southwestern area of Veracruz (6 wells)

Main water—bearing formations : QvM and TQOps: (M)
Sc : 279 m*/day/m (194 l/min./m)

T : 340 m*/day ©  (2.36 X 107! m*/min)

4-134



	CHAPTER 4 GROUNDWATER
	4.3 Surface Water
	4.3.1 General
	4.3.2 Stream Flow

	4.4 Well Inventory and Groundwate Level
	4.4.1 Well Inventory
	4.4.2 Groundwater Level

	4.5 Groundwater Use
	4.5.1 Review of Previous Survey
	4.5.2 Water Use in 1972-1991

	4.6 Test Drilling and Pumping Test
	4.6.1 Test Well Drilling
	4.6.2 Pumping Test

	4.7 Water Quality
	4.7.1 Review of Previous Report
	4.7.2 General Component
	4.7.3 Trilinear and pattern diagram

	4.8 Hydrogeological Features of the Study Area
	4.8.1 Hydrogeological Aspects
	4.8.2 Geophysical Features of Hydrogeology
	4.8.3 Permeability of Aquifer



