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Summary

The objective of this article was to carry out the installation of the erosion measurement plots, using the nail method;
for which the regions were defined and in each of them the corresponding micro-basins. Likewise, it was also decided
to carry out the execution of the infiltration tests, using the method of infiltrometer cylinders, for which the
availability of the necessary materials and equipment was evaluated. Among the main findings is that the
construction of infiltration ditches on the semi-arid slopes of the mountain range greatly helps the regeneration of
the vegetation cover and the hydrological cycle, as well as the recharge of the aquifer through the infiltration of
captured rainwater. It is recommended for future research, to carry out at the level of the high Andean highlands
the massive construction of infiltration ditches as a practice of water retention on the slopes of the upper and middle
parts of the basins.
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1. INTRODUCTION

Currently, the world population already exceeds 7,300 million people; of which more than 2 billion
live in 50 countries that already suffer from the phenomenon of "water stress" - 1,700 m3/person -
year and around 1,200 million of that population suffer from serious water restrictions for their daily
survival.- This situation tends to worsen, because by 2050, the world population will be around 9,600
million people, the bulk of the population increase is located in the poorest countries, where water
stress will be extremely critical, reason enough for serious social and political conflicts to achieve this
vital resource.

In our country, the total population currently exceeds 33 million people and the per capita availability
of fresh water is around 71,000 m3/inhabitantyear, a figure that makes our country the 8th place in
the world with the highest availability. This situation is really misleading, because on the Peruvian coast
- desert area - the per capita availability is currently around 1000 m3/inhabitant-year, a figure lower
than the critical limit given by the FAO. This situation is also similar in many areas of the Peruvian
highlands, due to the characteristics of semi-aridity and irregularity of the presence of rainfall. especially
in the dry months (May - October), despite the fact that in the rainy months (November - April) there
is total rainfall between 400 and 1300 mm/year, most of which is quickly lost due to surface runoff
and finally stops at sea.

Taking into account that the estimated population of our country in 2050 will be around 43 million
people, presenting an increase of around 50% compared to the current population, with the largest
proportion of this growth corresponding to the coastal region, consequently the scarcity of water will
be accentuated, making the lack of this resource more critical. This whole situation will be further
accentuated by the fact that in the middle and upper parts of the basins where rainfall is generated, soil
and vegetation resources continue to be degraded, due to water erosion, overgrazing and deforestation,
leading these areas to an accelerated process of desertification and its consequent contribution to the
process of climate change that has been affecting planet earth as a whole.

Against this backdrop, it is urgent to define a coherent State policy that will allow for the development
of concrete and permanent actions in the short, medium and long term in order to help reverse this
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process of desertification and to achieve a greater supply of water to meet the growing demand that will
arise over the years.

Faced with this gloomy scenario and based on the experiences achieved by different public and private
institutions, both national and international, it was planned to carry out the present research work that
consists of developing a methodology that allows determining the design characteristics of infiltration
ditches as an effective practice for the collection and infiltration of rainwater and the control of water
erosion on the slopes of the mountains; as part of a whole system of rainwater harvesting in the upper
and middle parts of the high Andean basins, with the purpose of regenerating the hydrological cycle,
through reforestation actions, recovery or improvement of pastures and the construction or
improvement of small and medium-sized water reservoirs as well as the recharge of groundwater taking
advantage of areas of high infiltration capacity or geological faults of the land, with all of which the
availability of water in the middle and lower parts of the hydrographic basins can be significantly
increased. The implementation of the proposal that is proposed will serve to address the advance of
water erosion, desertification and climate change suffered by these areas and consequently will serve as
an effective instrument for the fight against poverty of the populations settled in these regions.

2. General objective
Propose planting and harvesting of rainwater on semi-arid slopes of the sierra and its impact on the
process of desertification and climate change.

3. METHODOLOGY

The research work was carried out in three stages:

3.1 Planning phase

This phase consisted of the preparation of the work plans for each of the activities to be carried out at
both field and cabinet level. Here, based on the objectives set, it was decided to carry out the installation
of the erosion measurement plots, using the nail method; for which the regions were defined and in
each of them the corresponding micro-basins. Likewise, it was also decided to carry out the execution
of the infiltration tests, using the method of infiltrometer cylinders, for which the availability of the
necessary materials and equipment was evaluated. In this phase, the different sources where useful
information could be obtained for the work to be carried out were also analyzed.

3.2 Field phase

3.2.1 Coordination and awareness-raising activities

As a previous activity to the development of this work, it was necessary to coordinate with the
management and technical staff of the Agro Rural Program, in order to be able to achieve logistical and
human resources support in the corresponding Regional Directorates and Zonal Agencies. This support
was achieved given the affinity of the research work, the objectives and purposes of said institution and
the Base Agreement existing between the National Agrarian University "La Molina" and said National
Program.

Given the magnitude and importance of the work to be carried out, several trips had to be scheduled
to the different Directorates and Zones located in the interior of the country, to achieve the awareness
of the officials of these Regions with the objectives of the research work, as well as the establishment in
a consensual manner of the technical procedures for the execution of the field tests. chiefly. The field
staff of this Program had to internalize the objectives of the work, so that they can decisively help in the
performance of the tests and in the care of the material.

3.2.2 Selection of micro-watersheds and location of field areas.

The selection of the micro-basins where the tests were to be carried out was made taking into account
the regions and micro-basins where the Agro-Rural Program had been operating, the topographic, soil,
climate and representativeness characteristics of the high Andean highlands; as well as the logistical
and human support that can be provided for the performance of the fieldwork. Therefore, in summary,
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the following criteria can be listed, taking into account the selection of the micro-watersheds and the
location of the areas where the measurement and infiltration test plots were to be installed:

» That they are located in the high Andean region of Peru, at an altitude equal to or greater than
2,500 meters above sea level.

» That it belongs territorially to a peasant community or peasant organization, which allows it to
provide security of the goods and facilitate the use of its lands for the installation of the plots
and to carry out field measurements.

» That the selected area is located in an area that has infiltration ditches already built and fully
operational, in a minimum area of 0.5 ha. and that these areas are being used. Before the
installation of the plots, full rehabilitation was carried out if deemed necessary.

» That they are located in hillside areas, with an average slope of the land between 15% and
70%.

» That its physiography and soil type is representative of the Andean spaces.

» That it has a control area (0.5 ha) adjacent to the area with infiltration ditches, without any
treatment and with similar physiographic and edaphic characteristics as the area treated with
infiltration ditches.

» That they are not subject to physical alterations caused by anthropic or animal activities.

» That has access to the mobile transport of materials and transfer of personnel, for the timely
execution of the tests and the monitoring of the measurements and field visits that have to be
carried out.

In each micro-basin, the field area was selected for the installation of the plots for measuring soil erosion
and for carrying out the infiltration tests. These areas were georeferenced for a full location. The surface
area of these areas was at least 1 ha; taking care that at least 0.5 ha, have infiltration ditches already
built and the rest is considered as a control, that is, without any treatment.

3.2.3 Selection of weather stations

In order to determine the maximum rainfall intensities in the mountains, the stations of Weberbauer
(Cajamarca), Huancavelica (Huancavelica), Santa Rosa (Ayacucho), Yauricocha (Junin) and Kayra
(Cuzco) were selected, from which the rainfall information and hydrological studies developed by
different interested institutions were compiled. Based on this, the curves I - D - F were made. For each
of the selected stations.

3.2.4 Development of infiltration tests:

The infiltration tests were carried out in the adjoining area, where the erosion plots were installed. The
method used to carry out these tests was that of infiltrometer cylinders. In total, 68 infiltration tests
and 12 additional tests were carried out in the Ayacucho Region as part of a practical work of the
Course of Management and Integral Management of Watersheds, of the Graduate School of the
UNALM. The total time of each test was 3 net hours of field readings. All tests were conducted between
October 2010 and May 2011.

3.2.5 Survey on the impact of areas treated with infiltration ditches

In order to be able to qualitatively know the impact of infiltration ditches on rainwater harvesting and
consequently on the recharge of the underground aquifer, translated into a greater availability of water
in the puquios, springs or water springs, especially in the dry season; as well as the impact on pastures
and forest plantations, surveys were carried out with the beneficiaries, technicians and professionals
who work in the areas near the areas treated with this conservationist practice; and then these surveys
are processed using a non-parametric method. The surveyed areas were installed by the ex-
PRONAMACHS about 8 years ago on average and are still used to date.

3.3 Cabinet Phases

3.3.1 Determination of infiltration equations

Based on the field information obtained for each of the infiltration tests, the parameters of the
Kostiakov equation were determined, in order to determine the relationship between the accumulated
infiltrated sheet and the accumulated time. Likewise, for each test, its respective coefficient of
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determination (r2) was determined, in order to determine the degree of reliability of the equation
found. Once this first stage was carried out, 3 large groups of tests were formed with the field data,
corresponding to soils with a light, loamy and clayey texture. - Then a general equation was determined
for each of the 3 large groups of soils with their respective coefficient of determination. - Based on these
equations, the basic infiltration rates can be determined according to the type of soil on the slope where
it is decided to build infiltration ditches.

3.3.2 Determination of the Curves - D - F

Based on the information on the storms from the meteorological stations of Weberbauer (Cajamarca),
Huancavelica (Huancavelica), Santa Rosa (Ayacucho), Yauricocha (Huancayo) and Kayra (Cuzco) as
well as the review of different hydrological works carried out by the National Program of Small and
Medium Irrigations (PRONAPEPMI), during the 70s and 80s; and from some thesis work carried out
for these meteorological stations, a graph of Intensity - Duration - Frequency will be obtained in order
to define the maximum intensity of precipitation for a duration of 60 minutes and for a return period
of 25 vyears, representative for the critical or most unfavorable conditions that may occur in the
mountains; the same that will serve to carry out the simulations in the calculation of the hydraulic
characteristics of the infiltration ditches and their recommended spacing between them.

3.3.3 Hydraulic design of infiltration trenches:

The hydraulic design and construction of infiltration ditches must respond to the basic condition that
the amount of rainwater that drains from the catchment area, also known as the impluvium zone, must
be less than or equal to the amount of water that captures and infiltrates the trench in a given time.
That is, the capacity of an infiltration ditch should not be under any justification, less than the total
water drained from the surface of the catchment area. To this end, software will be developed to
determine the appropriate spacing between infiltration ditches according to the maximum intensity of
precipitation in the area and for a duration of 1 hour and for a return period of 25 years; according to
the slope of the slope and its corresponding coefficient of surface runoff.

—— - -

Plan views of an infiltration trench with partitions.
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Geometric characteristics of an infiltration trench
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Section of an infiltration trench on a slope

3.3.4 Assessment of the impact of infiltration ditches on rainwater harvesting and vegetation cover:
To quantify the impacts generated by the construction of the infiltration ditches, carried out at least 8
years ago; A format was designed to carry out a survey and achieve the collection of field information,
having as informants the beneficiaries of these works, as well as technicians, professionals and local
authorities or leaders.

The application of the survey seeks to qualitatively know the possible impacts on the regeneration of
the vegetation cover, availability of water in the springs or water holes located in the lower parts of the
areas with infiltration ditches; as well as the growth in the grasses and trees of these treated areas and
the hydrological behavior of the trench itself, that is, knowing if its storage capacity was adequate or
not.

The analysis of the information was carried out using non-parametric methods, for which the size of
the sample to be carried out had to be defined; The following formula was used for this purpose:

N*Ejp*q
H:
T 1)+ 2

where:

N = Total population

7% = 1.962 (if the security is 95%)

p = expected proportion (in this case 50% = 0.50) maximizes the sample size
q =1 - p (in this case 1-0.50 = 0.50)

d = precision (it could be for example 3%).

4. RESULTS AND DISCUSSION

4.1 Infiltration Assessment

After analyzing each of the infiltration tests carried out, they were grouped into three large groups;
those corresponding to soils of medium or loamy texture, heavy and light.

Tables 1, 2 and 3 present the consolidated data of the infiltration tests corresponding to the
accumulated infiltrated sheets for each of the three large groups of soils.- Column 1 presents the
cumulative times used in each of the tests, noting that the total duration of each test was 3 hours (180
min); in the other columns are presented the sheets of infiltrated water corresponding to each
accumulated time and each infiltration test; The last column of the tables shows the average infiltrated
sheet, expressed in mm.

The general equation of the accumulated infiltrated lamina found for each group is highly reliable,
given its high coefficient of determination (r2) found, whose values appear in each table, together with
the respective equation.
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In tables 4, 5, 6; The infiltration rate data for each of the tests is presented. In column 1, the cumulative
time values for each of the test measurement points are presented; while the last column presents the
average values of the infiltration rate for each of the corresponding times. Based on which the
determination was made for each of the 3 groups of soils. - At the bottom of each of the tables, the
equation found and its respective coefficient of determination (r2) are presented; From which it can be
said that the equations found are highly reliable, since their R2 varies between 0.992 and 0.994.
Figures 1, 2 and 3 show the curves of the average accumulated infiltration sheet and Figures 4, 5 and 6
show the curves of the average infiltration rate of each of the 3 groups of soils.

Based on the equations of the average accumulated infiltrated sheet found for each of the soil groups,
the equation of the infiltration velocity corresponding to each of them was determined.

The rate of the basic infiltration rate for each of the 3 groups of soils was determined based on the
equations of figures 7, 8 and 9, yielding the following results:

ib = 0.100 m/hour, for light soils

m
b = 0.040 —, l il
i o for loamy soils
ib = 0.012 m/hour, for heavy soils
Tables with calculations in the original Spanish language.

Table 1. Infiltrated sheet results - lightly textured floors

Reglon HUANCAVELICA AYACUCHO ANCAEH AYACUCHD AYACUCHD BYACUCHD AYACUCHD CAJAMARCA CAJAMARCE CAJAMARCE CRLAMARDA LREQUIFA AMCAZH
LLamary N o | LLumcuNa | - - - A Encait = .
Mloreausnea ey | PomsTaume | manise | sowsTauso | UV | eousmause uecH | LAEncafiana | LaEwoefiana | cRamoE | Lacwcafaoa HA AN LUIS
r""“p“n_:fr:']"‘“"“‘ LAMINA ACUMULADA INFILTRADA {men)
1 <3 53 152 =1 0.0 53 =0 =0 7.0 150 53 50
2 70 50 100 11.8 150 & 330 =0 12,0 0.0 158 11.0
3 10,0 10,0 350 17.0 22,0 150 320 400 16,0 24,0 240 160
a 120 120 440 151 =0 240 450 470 150 =0 =3 200
s 140 15,0 500 21.0 28,0 =0 40 2.0 23,0 30,0 240
0 15,0 70 740 20 21,0 =0 =T =0 a0 23,0 415
i a4 3.4 520 0.0 B =3 =0 0 5.0 5.0 £
20 .0 £20 1050 s1.0 62,0 440 S50 50 58,0 T1.0 630
2 33,0 58,0 1190 s=.0 70,0 asg 1110 1090 E5,0 82,0 81,0
E 5.0 500 1300 e 0.0 20 1228 1240 .0 2.0 850
40 55,0 74,0 1420 20 99,0 730 1500 1540 52,0 34,0 1050
= X 223 1530 40 13,0 BT 1518 1750 04,0 1230 1180
&0 1.8 340 1720 1078 1250 =0 200 2020 18,0 150.0 1320
75 =30 1020 0E0 12,0 146,0 11,0 4.0 080 137.0 1840 1560
El 1130 1200 520 450 = 450 2478 2478 =50 BEE 1540
s 1230 135,0 =10 1720 185.0 18,0 2200 2530 171,0 251,0 ;o0
20 1450 1520 Fap 122,0 13,0 340 3150 83,0 2830 217.0
B 1770 1810 3040 2310 2680 3580 3630 =30 3400 2390
80 2080 203,0 3390 2540 340,0 4220 4250 252.0 398,00 2520
—Continda
Reglén cuzco aRECURA  |casssca | sPuRmac | woouesus | aruRmez | swcass | avacucko | aracucko ANCAZH CAMMMACA | ANCAEH | AVACUCHD
Miorooitnaa CCATCOA FINA GRANDE | PALLCAMATO | VAGRSUNDOD | CHALLUAHUR | uouckamure | sumack 44miEcH R0 KEERT SRANDE BaNLAE | aLmacH
Tiempa Asumuiads LAMINA ACUMULADA INFILTRADA [me)
(min)
13 20 20 3] 10.0 30 11,8 10 120 0 5.0 50 11,0
2 153 15,0 10 10.0 13,0 a0 ET 230 210 18,0 15,0 183 20
3 208 0 133 130 ) 50 321 350 =0 250 200 3 330
4 240 24,0 170 150 73 18 410 400 00 230 250 313 200
: 22 =0 23 120 451 14,0 420 430 =0 330 3.0 7 450
10 420 43,0 323 330 750 =0 BE 450 410 £5.0 530 521 =20
15 73 0.0 230 450 1000 320 1070 T 420 24,0 .0 821 70.0
o T4 =0 =3 430 1250 4.0 120 00 =0 13,0 870 7 101.8
ES 72 85,0 550 §1.0 1458 7.0 120 210 0.0 1300 3.0 127.0 1188
0 B 1020 753 730 160, 5.0 1550 1050 70 1470 124,0 150, 1350
40 120, 1280 340 520 1858 4.0 1738 1250 180 1560 172,0 1820 1320
B 1420 1520 120 150 2084 100,80 22¢0 1320 1340 1850 204,0 2038 108
&0 152 1730 1380 1330 2100 15,0 %80 150.8 1520 20,0 2180 2|20 280
73 1308 1330 iTaa 1510 504 1450 330 020 1370 17,0 2330 3000 520
] 2158 2240 1380 1300 2704 183,0 3500 520 2280 2250 303,0 3320 7.0
105 2330 470 2250 2140 80 180,0 3550 580 2840 880 3850 3550 3340
120 2520 630 2520 B e 01,0 300 320 330 e 402,0 i 1720
150 2540 3110 2820 3220 2350 %50 3310 3840 78,0 2110 4550 4108
180 20,0 3550 3240 337, 2530 3710 4340 4330
...Cantinda
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Reglon AYACUCHD MOGUEGUA | AMAZOMAZ | CAJAMARCA |CAJAMARTA|  AmCAZH ANCAZH CAJRMARCA ANCAZH* AMCAEH ENCAEH FROMEDID
= — T — DE LAMINA
Mlcrocusnca HUNECH VAGAEUNDO | SONCHE | RID GRANDE RID HUBRITAMED | POMASAMEA (|8 ENCANADS | UCUCHARURE | POMAEAMEBA | POMABAMEL ACUMULAD
T'°mP°["*’;'I3:]"‘”'“"° LAMINA ACUMULADA INFILTRADA {mm) A 2 s
1 18,0 12,0 15,0 B0 21,0 12,0 56,0 12,0 220 12,0 10,0 13
2 30,0 24,0 30,0 12,0 40,0 250 54,0 18,0 40,0 20,0 20,0 Fa4
3 420 34,0 430 17.0 37,0 36,0 70,0 23,0 34,0 3.0 31,0 8
4 .0 44,0 55,0 220 80,0 47,0 74,0 27,0 89,0 45,0 42,0 15
3 £5.0 53,0 68,0 26,0 102,0 580 79,0 30,0 80,0 540 57,0 a1
10 TED 93,0 118,0 480 1570 1020 3.0 36,0 11,0 102,0 1030 61
5 z20 280 | 1eed | 0 | 220 | 10 | oad | as0 1520 1500 | 140 7
0 110,0 158,0 206,0 a0 306,0 1830 1200 50,0 170,0 189,0 1750 a8
= 10 860 | 2a0 | @0 | a0 | oo | md | sao 1710 a0 | 020 116
30 172,0 214,0 2740 117,0 3510 2220 141,0 52,0 1E4,0 2360 2510 133
0 E 540 | 3140 | map | ama | 3120 | sad | 7a0 2000 o 150
50 2230 2340 3520 1540 2770 71,0 175,0 35,0 211,0 50,0 301,0 186
0 2630 w0 | a0 | w0 | sma | 4ng | @d | eoo 250 @0 | m
5 a0r.a 376,0 2230 289,0 5740 4360 2080 1050 23,0 S08.0 240,0 a4
50 3410 010 | aeig | s | e | e | zema | iz 2370 o0 | sean s
105 24110 439,0 2010 3E3.0 B885,0 E16D 28,0 1450 2440 B350 E55,0 305
120 aTs0 a0 | 560 | aaap | eean | w0 | 2w | iead 250 B0 | 7ean a7
130 53,0 4340 343.0 16,0 7230 7750 313,80 201,0 281,0 631,0 BO2,0 380
160 w20 | sma | sean BST0 | sma | 230 2850 EC e w7
Table 2. Infiltration test results - loamy textured soils
R T T AT e AN NPT ST (e e T TS ey Ry
[Sre— Caomncadhis | EHALLFUAHURS] oicnahinE | moimil jaisipay) | e Bae- | Canunbido- | g, | Cmen Bl | popiaraino | HUARTAMBO | PALCAMAYG b | Lk EncaRaps | SIRAISANJUSLICLTCEK - CACHE
i | - o el et
LAMMA ACUMULADA INFILTRADA |ram|
e elming de anals s esdsico
Table 3. Infiltration results - textured soils
Regicn AMCASH ANCASH JUKIN JuraN ARCASH LA LIBERTAD CusCo HUANUCD LA LIBERTAD AMCASH LA LIBERTAD AMCASH
USUCUTOSH - - - " . CHINCHAS - . " a -
R -l et B A P A e e e e e
(CHIQUIAN) - - ) MARANON) i N ’ ~
Tharspo el roisi) LAMINA ACUMULADA INFILTRADA {mm]
1 10 2,0 30 o o EX 4.0 30 20,0
z 15 30 5.0 40 50 40 7.0 40 230
3 20 32 7.0 50 4,0 56 80 50 8.0
4 5 34 2,0 10 9.0 6,9 9.0 60 36,0
5 30 X .0 10 50 10,0 7.0 46,0
10 40 a5 8,0 20 11,0 80 53,0
15 45 10,0 9,0 0, 12,0 110 67,0
0 50 10,5 10,0 13,0 130 0.0
-] 55 11,0 bl 14,0 150 .0
0 55 6,0 11,5 1.0 150 180 76,0
Ll 60 10 12,5 1o 17,0 00 B0.0
51 6,5 a0 13,5 12,0 18,0 110 3.0
&0 9.0 14,5 1.0 20,0 240 85,0
75 10,0 15,5 16,0 250 70 28,0
20 11,0 18,5 18,0 7,0 300 91,0
105 14,0 17,5 20,0 0 330 22,0
10 8.0 150 185 2.0 35,0 B0 93,0
150 95 0,5 80 43,0 450 95,0
120 15 26,0 43,0 530 96,0
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Riegidn ARCASH HUANLICD AMCASH HUANUCD JUNIN CAMMARCA | AMAZONAS | HUANUCD | CAIAMARCA AMCASH
PROMEDID DE
CHANCHAS LAMINA
Microcuentca RONEGRD | o (AN | FOMASAMEA | CHINCHAS IALTO | st | ua encafiana | iucusaanea | 70 B3 L g pncafiana | nusmimanso | AcumuLDa 2
RAFAEL) [SHUILLA) marsfion) |7 RAFAEL) ymam
Thrpe Aurulsdo i) LAMINA ACUMULADA INFILTRADA (mm]
1 40 1.0 0 1.0 0 X
] 50 40 2,0 10 54
3 60 60 0 40 6.8
4 10 9,0 80 a0 50 40 28
5 50 1.0 5.0 10,0 5.0 £0 5.0 10,2
10 10,0 16,0 7.0 18,0 ] 120 0,0 137
15 13,0 20,0 10,0 8,0 150 163
m 150 50 120 26,0 140 150 185
] 17,0 27,0 140 Lo 16,0 210 2,7
4] 20,0 Lo 150 33,0 180 70 238
40 420 23,0 EER 7.0 36,0 0,0 33,0
= 420 28,0 4L0 o 20,0 20 38,0
] 420 33,0 450 40 42,0 40 450
] 40,0 50,0 20,0 45,0 0 52,0 7.0
El 450 55,0 330 28,0 L] 60,0 74,0 386
105 50,0 57.0 37.0 24,0 450 £9.0 10 416
10 55,0 59,0 420 50,0 56,0 770 87,0 464
150 67,0 710 52,0 54,0 71,0 250 91,0 549
1 78,0 80,0 510 57,0 58,0 62,0
Reglon HUANCAVELICA | AYACUCHD | ANCASH |AYACUCHOD ,a,up\chq AYACUCHD |AYACUCHD CMH:",'RC CAJAMARCA CM"":ARC c:m.:mc AREGUIPA| ANCASH
Mizrocusnea HLLLK?:P.’;\;.L:'I oA :DMF“DTAME SANLUIS :DH'BT”"E LU.I:CUN POF.-'EJ:)TAI.-' TAUNESCH EHDALEM.-\ ENC)«LEP.DA GRANDE E ‘IC?RADK PINA | SBANLUIS
T'°m"°[:’l’r:"]m”'“° VELOCIDAD DE INFILTRACION INSTANTANEA {mmimin]
410 15,0 5.0 18,0 8.0 10,0 6,0 26,0 250 7.0 150 8.0 6.0
2 35 iz, 45 15.0) 5.5 7.3 30 165 173 5.0 10.0 8.0 5.5
3 33 i0,3| 33 12,0 5.7 73 50 127 133 53 0 8.0 E.3|
4 3.0 9,3 3.0 11,0 4.5 5,3 6,0 11,3 11,8 48 ES 7.3 5.0
3 2.8 8.4 3.0 10,0 4.7 5.6 5.2 10,5 104 48 6.0 6,8 45
o 1.5 6.0 a7 4 3.2 4.1 B 6.7 69 34 43 53 4.2
5 14 5.0 24 5,1 27 34 24 56 55 32 39 47 3.7
a 1.3 4.3 22 5.3 26 3.1 22 4.8 4.8 23 35 37 3.5
] 1.3 3.8 23 4 24 23 0 44 44 23 34 3.5 3.2
0 13 3.5 20 43 21 27 Z 41 41 25 31 34 3,0
40 14 3.2 13 3.7 2.1 2.5 1,8 3.8 39 2.3 24 3.2 26
=] 4 2, 1.7 3.3 1.3 23 1.9 3.6 36 21 25 3.0 24
&0 A 2, 15 3.0 1.8 2.1 1,6 3.3 34 20 25 29 2.2
73 13 2.2 14 2.7 1.7 13 16 27 28 18 25 28 21
5 1.3 2.0 1.3 2. 1.6 13 1.6 27 27 17 24 2, 2.0
108 1.2 19 1.3 A 16 13 1,6 27 27 15 24 22 1.9
120 12 1,8 13 2.3 16 13 26 26 1.6 24 2,0 1,6
150 12 1,8 1,2 2.0 1,5 1,8 2,4 24 1.5 23 1,7 1,6
180 1.2 1.7 1.2 13 3 1.7 23 24 4 22 135 14
...Continua
Raglon Cusco AREQUIPA DMS:'AR APURIMAC UOELEES APURIMAC | ANCASH |AYACUCHO| AYACUCHO | ANCASH %A:mm ANCASH AYNSJCH
Microcusnca CCATCCA PINA | GRANDE P*"Lbco"'w' ""‘Cl'j"‘cf um C:u"‘k'é;g"‘ UC”E;""RU SUNSCH | 4-UNSCH |RIOMNEGRO| GRANDE | SANLUIS | S-UNSCH
[ Tlempa Acumulads
{min} VELOCIDAD DE INFILTRACION INSTANTANEA {mmdmin)
1 11,1 2,0 a1 5.0 10,0 34 11,0 11,0 13,0) 6,0 9,0 11,0
2z a1 8,0 55 5.0 9,5 24 11,0 11,5 10,5] 9,0 7.5 9,0 11,5
3 6,7 6,7 43 43 93 34 10,7 11,7 8,3 a3 6.7 83 1,7
4 6.0 6,0 43 410 9,3 23 10,3 10,0 7.5 83 ES 7.8 10,0
5 5.5 5.2 41 3.5 9,0 23 9.E 8.6 7.2 73 6.2 T4 9.0
o 42 4.3 32 3.3 7.5 25 8.1 4,5 41 6.5 5.3 2|
15 343 4,0 23 3.0 6,7 23 A 3.3 3.3 6.3 47 5.5 4.7
20 35 3.5 23 4| 6.3 24 5 30 3.0 5.7 44 49 5.1
25 35 3.5 25 4| 58 23 57 3.6 3.2 52 3.7 5.1 47
30 33 3.4 25 4| 5.3 22 5.2 3.6 3.2 43 41 5.0 45
40 3.4 3.2 4 2.3) 4E 2.1 4.3 3.2 3.0 42 43 45 4.0
20 23 3.0 23 2.3) 42 20 4.5 2.8 27 3.3 i1 2| 3.8
E0 27 2,9 23 22 38 21 4.5 2.7 2.7 35 3.6 ¥ 3.8
75 25 2,7 23 2,1 33 13 4.3 2.7 2,5 32 39 4,0 4
50 24 2.5 22 2.1 30 1.8 35 29 2.5 23 34 3.7 3.3
105 23 2,4 2.1 2.1 27 1,7 34 2.8 2.7 27 3.7 3.4 3.2
120 22 2.2 2.1 2.1 26 1,7 30 2.7 2.8 27 34 kA 3.1
150 2,0 2.1 14 21 1.6 24 2.5 2,8 25 2.7 3.0 2.7
160 1,5 24 13 1,5 14 21 24 2,8
.. Continua
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Table 4. Infiltration rate results - lightly textured soils

FROMED]
Reglen AYACUCHO  |MoQUEGUA| AMAZON | CAIAMARE CAIMMAR | sncasH | amcass |SMAMARC| ancash | awcasn | ancass |TQLE
VAGABUND RID RO | Husmman | POMASAM L |ucucnaruz|pomasass [romesans| et
Microcusnca S-UNSCH b SONCHE | _ ; BA - - = f 1| DDE
o GRaNDE |cranoe | B0 | B8 | |encaaoa z A (SHUILLA) |4 [SHUILLA) | e TRAC
Tlempo Acumulado IGH W
o VELOCIDAD DE INFILTRACION INSTANTANEA [mm/min) i)
[ 150 [ 50 310 120 560 120 20 12.5
z 15,0 50 5.0 E 125 320 EE 0.0 0.4
3 3 e 57 15.0 120 753 7.7 0,3 5.3
1 13,5 120 5.5 20,0 e 18,5 5.8 e 5.7
5 130 FG 52 04 e 56 X E 52
0 7.8 1.3 2.8 1.7 10.2 5.3 38 0.2 5.3
15 5.1 1.1 2z 18.8 7.2 3.0 10.0 5.8
D] 53 E X 15.3 &0 3 5.5 B 13
3 58 %4 3.8 G 52 23 5.0 B.1 18
30 57 EX EE] 3.0 17 EX] 79 4 14
a0 3 73 20 0.7 20 & 5.2 52 20
50 s 7.0 3.3 B 35 7 72 78 5.7
&0 o 5.2 3.8 5.5 32 15 7.0 75 3,5
75 2.1 58 3.4 77 ZE 1.4 5.8 72 5.3
30 EE 5.1 3.8 5.9 26 14 5.2 G 5.
105 EE) 7 EX 5.2 25 14 5.1 64 2.3
120 0 3 i3 3.7 58 23 14 57 50 28
150 36 5.2 37 3.4 15 2.1 e G 53 25
180 2.8 32 EX 1.9 1.3 39 51 2.2
Region ANCAZH ANCAER JUKIN JUKIK ANCAZH custo HUARUCO LA LIBERTAD AHCAZH LA LUBERTAD ANCAEH ™
LBUCUTOEH - . CHNCHAZ
CHANCHAZ CHANCHAZ MOTL PILRAY 2
Mkroounos HUBRITAMED | cacHE o I RONEGRD | ’ o w10 VGUCHARURE | MOTIL ILASUNDAY) ”
[CHIGRAN [HUACHAP AP A) (HUACHARAWFS) LATUNDAY] COORMARDS P - BHUILLA]
er“‘m WVILDODAD D INFILTRADDN INSTANTANEA |rmm/min|
1 0 20 30 30 2.0 30 3.0 a0 30 0,0 30 50
2 0§ 15 25 20 15 25 2,0 35 20 15 25 30
3 07 1.1 23 1.7 13 27 18 a7 17 53 20 27
4 0s 05 20 18 1.3 23 1.7 25 15 5.0 i 25
5 06 07 15 14 1.0 20 16 20 P 92 15 26
10 04 04 10 08 05 1.1 0.9 15 13 53 10 20
15 03 03 07 05 0.7 0 0.7 13 07 45 0E E
0 02 03 05 05 0.6 0T 0. 1.1 07 35 nE 3
25 02 0z 04 04 05 06 06 0 15 29 0.7
30 02 0z 04 04 0.5 05 05 05 15 25 0.5 03
40 0.2 0.z 3 03 0.4 0.4 0.4 07 P 20 05 05
5 . 0.z 3 0.2 0.3 0.4 0.4 05 0.4 1.7 05 06
& 0.1 0.z 0z 0.2 0.2 03 04 05 04 1.4 0.4 0E
75 0.1 0.1 02 02 03 03 05 DA 12 D4 05
Y 0.1 01 0z 02 03 03 04 03 1.0 1.4 05
5 0.1 0.1 2 0.2 03 0.3 04 03 0.9 0.3 0.4
120 0.1 0.1 2 0.2 03 0.3 04 03 0.8 1.3 0.4
150 0.1 01 02 03 03 03 03 05 0.3 04
160 01 01 02 03 03 05 1.3 03
Cos
Table 5. Infiltration rate results - lightly textured soils
Regian ANCAZH HUBNJCO ANCAZH HUARJCD JUMIN CRJANARCE AMAZTNAT HUARUCD CRJAMARCA ENCATH
PROMEDIO DE
" N o CHANCHAS . PR . VELOCTAD DE
Misrocumnea BURIGA (AN FouszaME puschasaues | Lt svcaians | swcussaugs | FTEAERN | ccafane | wusRmause | meLTRACION W
FRAFAEL) SHUILLA | FASAEL)
{mmémin|
Tiarapo Acursalado | min] WELDCIOAD DE INFILTRACION INSTANTANER [rmjmin|
1 5.0 10 50 40 40 10 2,0 10 20 1.0 35
: 45 10 7.0 25 3.0 10 2.0 1.0 15 1.0 27
3 40 1.0 5.3 2.0 23 10 2. 1.0 1.3 1.0 23
4 4, 10 45 1,6 23 1,0 2, 1,0 13 1,0 21
s 34 10 42 16 2.2 10 20 10 15 1.0 20
1 25 0.7 27 1.0 16 0.7 15 0.6 12 1.0 4
15 21 0.6 24 09 13 0.7 15 05 10 1.0
m B 06 2.3 0,8 13 06 13 07 I, 1.0 0
= 1,5 05 19 07 1.1 0.8 12 08 0, 1.0 0.9
= 14 0.5 16 07 1.0 05 11 06 0, 1.0 0.
P 1 05 12 06 0.3 04 03 05 03 1.0 07
s e 0.4 1.0 0.6 & 0.4 0.8 04 0.3 1.0 06
s 0.7 0.4 1.0 0.6 0@ 0.4 0.7 04 0.3 1.0 05
™ 06 03 03 05 7 04 06 04 07 0.9 0.5
] 0.5 03 0.8 05 0.6 04 05 04 07 0.3 0.4
108 ns 0.3 0. 0.5 05 0.4 0.5 04 0.7 s 0.4
1 0.5 03 07 05 0.5 04 04 05 05 0.7 0.4
150 0.5 0z 0§ 04 0.5 0,3 04 05 05 0.6 0.4
120 0.5 0.3 06 04 0.4 0.3 0.3 0.5 0.3
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Figure 1. Curve of the average accumulated infiltrated sheet - lightly textured soils. In original language
Spanish
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Figure 2. Curve of the accumulated infiltrated sheet - loamy textured soils. In original language Spanish
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Figure 3. Curve of the accumulated infiltrated sheet - soils with heavy texture. In original language
Spanish
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Figure 4. Average instantaneous infiltration rate curve - lightly textured soils. In original language
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Figure 5. Average instantaneous infiltration rate curve - loamy textured soils. In original language
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Figure 6. Average instantaneous infiltration rate curve - textured soils. In original language Spanish
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4.2 Effect of Infiltration Trenches on Water Regulation

The amount of water infiltrated into the soil will depend on the precipitation characteristics of the
physical characteristics of the soil, the spacing between trenches, the infiltration section of the trench
and the existing vegetation cover.

When it comes to areas with high runoff coefficients (0.6 to 0.90), that is, when water drains quickly
towards the lower part of the basin, it is mainly due to the fact that the soil surface is completely
uncovered and the slopes have high slopes; here infiltration is extremely scarce. Under these conditions,
it is essential that the rapid surface runoff of water is prevented through water and soil conservation
practices, such as infiltration ditches, absorption terraces, afforestation actions, installation of pastures
and the consequent regeneration of vegetation cover.

When it comes to areas with pastures, forests, silvopastoral systems or low slopes of the land, the runoff
coefficient is relatively low (0.3 - 0.5), here there is a significant retention and infiltration of the water
that falls during the rain.

When it comes to light-textured (sandy) soils, the infiltration rate is much higher than in a soil with a
heavy texture (clay). Likewise, when it comes to infiltration ditches, the area or section of infiltration
of the trench is important, as well as the area or surface of evaporation of the water captured in the
infiltration ditch.

Table 6 presents a summary of a simulation of a water balance for a slope with different situations of
trench spacing, width of the upper edge of the trench, precipitation characteristics of the area and for
a given runoff coefficient. Here the table shows the amounts of water that could infiltrate through the
construction of infiltration ditches, being highly significant and important the volumes of water
infiltrated in the areas with the highest runoff coefficient, that is, in areas with scarce vegetation cover
either due to overgrazing or deforestation, which will undoubtedly help the regeneration of the
vegetation cover on these slopes; that if not captured and infiltrated, will quickly drain into the streams
and rivers.

Table 6.- Estimated volume of infiltrated water (m3/ha) through the infiltration ditches.
Evaporation = 6.00 mm/day Evaporation time = 180 days

Ce=0.3 Ce=0.5 Ce =0.7 Ce =0.9
Precipitation | Trench B =|B =|B =|B =|B =|B =|B =|B =
(mm/year) spacingd (m) |0.7 1.20 0.70 1.20 0.7 1.20 0.70 1.20
(m) (m) (m) (m) (m) (m) (m) (m)
5 280 ) 1400 | 408 2680 |1600 3800 |2800
600 10 1000 | 504 2200 1700 3400 |3900 4600 [4100
15 1300 | 1000 2500 2100 |3700 |3300 4900 | 4500
20 1400 | 1100 2600 2300 |3800 |3550 5000 [4700
5 800 ) 2400 1400 | 4000 |300 5600 | 4600
800 10 1600 | 1100 3200 |2700 4800 |4300 6400 [5900
15 1900 | 1500 3450 |3100 |5100 |4700 6650 [ 6300
20 2000 {1700 3600 3350 |5200 |4950 6800 [ 6500

Example: For a rainfall of 800 mm/year

Ce =0.30
B=0.70 m
D=10m

+~ Infiltrated vol. = 1600 m3/ha through the trench
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Ficha Area de Longitud 3 Prigis I

Técnica| FECHA  |IRECCION RURA AGENCIA ZONAL Evaluacion | Total de -
Ne Has. Zanjas (m) Pastos Arboles Cultivos

R R B|R| M

1 13/09/2011|Cajamarca  |Cajabamba - San Marcos 12,00 6000,00 1 1 1 1
2 13/09/2011|Cajamarca Cajabamba - San Marcos 20,00 10000,00 1 1 1
3 13/09/2011|Cajamarca  [Cajabamba - San Marcos 10,00] 500000 1 1 1 1
4 13/09/2011(Cajamarca Cajabamba - San Marcos 20,00 10000,00 1 1 1 1
5 13/09/2011|Cajamarca  [Cajabamba - San Marcos 8,00 4000,00 1 1 1 1
6 13/09/2011|Cajamarca Cajabamba - San Marcos 4,00 8000,00 1 1 1 1
7 15/09/2011|Cajamarca Cajamarca 1,50 100000 1 1 1
8 15/03/2011|Cajamarca Cajamarca 1,50 1000,00 1 1 1 1
9 15/09/2011|Cajamarca (Cajamarca 2,00! 2000,00| 1 1 1 1
10 | 15/09/2011|Cajamarca  |Cajamarca 1,00 200,00 1 1 1 1
1 15/09/2011|Cajamarca  [Cajamarca 3,00 1700,00 1 1 1 1
12 15/09/2011|Cajamarca Cajamarca 1,00, 400,00 1 1 1 1
13 13/09/2011|Cajamarca  [Chota - Hualgayoc 1,50 100,00, 1 1 ] 1
14 13/09/2011|Cajamarca Chota - Hualgayoc 2,00 400,00 1 1 1 1
15 13/09/2011|Cajamarca Chota - Hualgayoc 3,00 1200001 1 1 1
16 13/09/2011|Cajamarca Chota - Hualgayoc 4,00 1600,00] 1 1 1
17 13/09/2011|Cajamarca (Chota - Hualgayoc 2,00| 800,00 1 1 1
18 13/09/2011|Cajamarca Contumaza Gran Chimd 1,00 485,00 1 1
19 13/09/2011Cajamarca Contumaza Gran Chimu 2,00 730,00 1 Iy 1
20 13/09/2011|Cajamarca Contumaza Gran Chimd 0,56 225,00 1 1
21 13/09/2011|Cajamarca Contumaza Gran Chimd 1,80| 1470,00 1 1
2 13/09/2011|Cajamarca Contumaza Gran Chimd 1,10 830,00 1 1
23 13/09/2011|Cajamarca Contumaza Gran Chimd 0,50 245,00 1 I 1
24 | 13/09/2011|Cajamarca  |Cutervo 10,00 6000,00 1 1 1 1 1
5 13/09/2011|Cajamarca Cutervo 14,00 12000,00 1 1 1 1 1
26 | 13/09/2011|Cajamarca  |Cutervo 10,00 8000,00, 1 1 1
27 | 13/09/2011|Cajamarca  |Cutervo 5,00 3000,00 1 1 1 1
28 13/09/2011|Cajamarca Cutervo 8,00 4300,00 1 1 1 1
29 13/09/2011|Cajamarca  [Cutervo 20,00] 1200000 1 1 1 1
30 13/09/2011|Cajamarca Cutervo 10,00 6000,00 1 1 1 1 1
31 13/09/2011|Cajamarca Cutervo 2,00 5000,00 1 1 1 1
32 13/09/2011|Cajamarca Cutervo 15,00 6000,000 1 1 1 1 1
33 13/09/2011|Cajamarca Celendin 0,20 90,000 1 1 1
34 | 13/09/2011|Cajamarca  [Celendin 0,35 129,00 1 1 1 1
35 13/09/2011|Cajamarca Celendin 1,15 420,00 1 1 1
36 13/09/2011|Cajamarca  |Celendin 1,25 278001 1 1 1
37 13/09/2011|Cajamarca Celendin 0,38 129,00 1 1 1
38 13/09/2011|Cajamarca Celendin 0,25 194,00 1 1
39 | 13/09/2011|Cajamarca  [Santa Cruz 1,00 360,00 1 1 1
40 13/09/2011|Cajamarca Santa Cruz 1,00 360,000 1 1 1 1
41 | 13/09/2011|Cajamarca  |Santa Cruz 1,00 400,00 1 1 1
42 13/09/2011(Cajamarca Santa Cruz 1,00 400,00 1 1 1
a3 13/09/2011|Cajamarca Santa Cruz 1,00 400,00 1 1 1
44 | 13/09/2011|Cajamarca  |Santa Cruz 1,00 380,00 1 1 1
45 | 13/09/2011|Cajamarca  |San Miguel - San Pablo 1,00 550,00 1 1 1
46 13/03/2011|Cajamarca San Miguel - San Pablo 1,00 500,000 1 1 1
47 13/09/2011|Cajamarca San Miguel - San Pablo 1,50 800,00 1 1 1
48 13/09/2011|Cajamarca San Miguel - San Pablo 1,25 1000,00, 1 1 1 ] 1
49 | 13/09/2011|Cajamarca  |San Miguel - San Pablo 0,25 120,00 1 1 1 ] 1
50 13/09/2011|Cajamarca San Miguel - San Pablo 0,18 140,00 1 1 1 ] 1
51 13/09/2011|Cajamarca San Miguel - San Pablo 0,50 1,80 1 1 1
52 13/09/2011|Cajamarca San Miguel - San Pablo 1,50 600,00 1 1 1 1
53 13/09/2011|Cajamarca San Miguel - San Pablo 1,00 500,00 1 1 1
54 | 15/06/2011|Huancavelica |Acobamba 1,50 2450,00 1 1 1
55 16/06/2011|Huancavelica |Acobamba 2,50| 2450,00| 1 1 1
56 15/06/2011|Huancavelica |Acobamba 4,00 4120,00 1 1 1
57 | 15/06/2011|Huancavelica [Acobamba 20,00 1950,00 1 1 1 1
58 17/06/2011|Huancavelica |Acobamba 10,00 4280,00 1 1 1

4.3 Assessing the Impact of Infiltration Ditches on Rainwater Harvesting on Vegetation Cover

The results of the 77 surveys are consolidated in Table 7.
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Table 7. Evaluation of impacts in areas with infiltration ditches.

59 15/06/2011|Huancavelica |Acobamba 5,00 12540,00] 1 1 1 1
60 14/06/2011|Huancavelica |Acobamba 9,00 1980,00 1 1 1
61 19/09/2011|Huancavelica |Huaytara 200,00( 14000000 1 1 1 1
62 19/09/2011(Huancavelica |Castrovirreyna 100,00| 40000,00] 1 1 1
63 19/09/2011[Huancavelica |Castrovirreyna 920,00| 36800000 1 1 1
64 19/09/2011|Huancavelica |Castrovirreyna 100,00) 40000,00] 1 1 1
65 19/09/2011|Huancavelica [Castrovirreyna 20,00 8000,00] 1 1 1
66 |Set-2011 Huancavelica |Tayacaja 5,00 50000,00] 1 1 1
67 |Set-2011 Huancavelica |Tayacaja 1,00) 10000,00 1 1 1
68 |Set-2011 Huancavelica |Tayacaja 6,00  60000,00 1 1 1
69 15/09/2011|Lima Oyon-Huara 35,00] 35000,00 1 1 1 1
70 15/09/2011|Lima Oyon-Huara 35,00 35000,00 1 1 1 1
71 15/09/2011|Lima Oyon-Huara 3,00 1500,00 1 1 1 1
72 15/09/2011|Lima (Cajabamba - San Marcos 210,00 30000,00] 1 1 1 1

73 15/09/2011|Lima Oyon-Huara 1,00 450,00 1 1 1
74 15/09/2011|Lima Oyon-Huara 3,001 1500,00 1 1 1 1
75 15/09/2011|Lima Oyon-Huara 3500 35000,00] 1 1 1 1
76 15/09/2011|Lima Oyon-Huara 1,00 450,00 1 1 1
77 15/09/2011|Lima Oyon-Huara 35,00 35000,00 1 1 1 1

1977,22| 104775880 16| 44| 0] 13| 30 2 8| 10 1 65 1f 11 71] 0] 4

5. CONCLUSIONS AND RECOMMENDATIONS

5.1 Conclusions

Among the conclusions addressed in this research work are the following:

The average loss of soil due to water erosion on the slopes of the high Andean mountains is quite high,
in the order of 45 t/ha-year, which is equivalent to 4,500 t/km2-year or 3.20 mm/year; which is
significantly reduced to an average of 24.44 t/ha-year or 2444 t/km2-year (1.73 mm/year) when the
slopes are treated with infiltration ditches.

The lighttextured (sandy) soils of the high Andean highlands have a representative average equation of
the accumulated infiltration of:

Icum = 13.37 £ 070.570, where Icum = accumulated infiltrated lamina (mm),

TO = Cumulative Infiltration Time (min) and its corresponding coefficient of determination (R2) is:
0.999.

The loamy (medium) textured soils of the high Andean highlands have an average equation
representative of the accumulated infiltration of

[cum = 9.950 t_070.522 and its coefficient of determination (r2) was 0.995, the equation being highly
reliable.

The soils of heavy texture (clay) of the high Andean highlands have a representative average equation
of the accumulated infiltrated sheet of: Icum = 4.023 t 070.514 and its coefficient of determination
(r2) was 0.996, indicating that the equation found is highly reliable.

The basic infiltration rate (ib) found for soils with sandy, loamy and clayey texture are: 0.100 m/hour;
0.040 m/hour and 0.012 m/hour respectively.

The analysis of rainstorms shows that the maximum intensity of precipitation representative for the
Peruvian highlands, for a duration of 60 minutes and for a return period of 25 years, is 27.8 mm/hour
for the Weberbauer station (Cajamarca); 23.4 mm/hour for the Yauricocha station (Junin); 23.3
mm/hour for Santa Rosa station (Ayacucho); 21.9 mm/hour for the Huancavelica station
(Huancavelica) and 12.92 mm/hour for the Kayra station (Cuzco).

The determination of the hydraulic characteristics of the infiltration ditches and the spacing between
them can be determined by means of the software: "UNA LA MOLINA INFILTRATION DITCHES",
for any terrain condition, whether from the topographic, hydrological, surface runoff and type of soil
texture or basic soil infiltration rate.
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The appropriate hydraulic characteristics for manually constructed infiltration ditches are: b = 0.30 m,
B =0.50 m and h = 0.40 m. The recommended trench spacing for these features is about 10 m.

The appropriate hydraulic characteristics for mechanically constructed infiltration ditches are: b = 0.40
t0 0.50m, B =0.60 - 0.80m and h = 0.30 - 0.40m.- The recommended spacing between trenches should
not be less than 10m and in the case of pastures, it can be 15 to 20 m of separation between trenches.
The volume of water infiltrated into the infiltration ditches for an average annual rainfall between 600
and 800 mm/year varies between 280 and 6800 m3/ha-year, depending on the spacing between
trenches, the width of the upper edge, the characteristics of the precipitation of the area and the
coefficient of surface runoff of the slope.

The construction of infiltration ditches on the semi-arid slopes of the mountain range greatly helps the
regeneration of the vegetation cover and the hydrological cycle, as well as the recharge of the aquifer
through the infiltration of captured rainwater.

The regeneration of the vegetation cover of semi-arid slopes through pastures or forest plantations helps
to decontaminate the environment, to combat the desertification process and global warming.

The assive construction of infiltration ditches and the planting of trees and pastures is an effective
measure to combat poverty among the populations settled on the high Andean slopes.

5.2 Recommendations

It is recommended to continue with research work of this nature.

The massive construction of infiltration ditches must be carried out at the level of the high Andean
highlands as a practice of water retention on the slopes of the upper and middle parts of the basins.
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