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2.

Investigate ground water potential of both deep
and shallow wells.

Rehabilitate the small scale irrigation systems
for improving water control throughout the com-
plete system.

Introduce improved crop husbandry based on crop
water use efficiencies and water management prac-
tices on the farm.

Initiate land improvement work, including on-‘arm
infrastructure, to improve on-farm water manag:-ent.

Begin water and related land resource inventories

to provide data for planning and designing irriga-
tion projects.
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ITI. INTRODUCTIGN TO THE REPORT

Scope and Authorization

This Study, implemented jointly by a team of engineering and agri-
cultural specialists from Experience, Incorporated (the Contractor), and
a group of technical specialists from the Agency for International Devel-
opment's Mission t¢ Afghanistan (USAID/Afghanistan), has comprised an
intensive review, during a two-month period, of past and present develop-
ments in irrigated agriculture within the Democratic Republic of Afghanis-
tan (DRA). The Study has measurably benefited from review by, discussions
with, and contributions from DRA officiais of Ministries and Departments
concerned with such irrigated agricultural developments. DRA officials
also joined membars of the Contractor's team and USAID technicians in
visiting and inspecting irrigation systems in many parts of Afghanistan,

The participation of the Contractor's team was authorized by Contract

No. AID/afr-C-1130, dated 29 September 12378, (Work Order No., 94)

Objective of the Study

The objective of the Study, as stated in Article I of the Work Order

is to identify and recommend for further investigation new procedures and

technologies that could lead to an increase in the availability and the ef-
ficient use of water for agriculturai production in ways appropriate to the
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puorer f{irmers.,

Purpose of the Report

This Report summarizes the findings of the reviews and investi-

gations made during the Study. It has been divided imto the following

Sections:

- Determinction of problems and constraints currently ham-
pering or capable of imposing future limitations on the development of
irrigated agriculture;

- Description of possible alternative solutions responsive to
the aforementioned problems amd constraints;

==  Formulation of 'technical packages' through the selective
combination of possible solutions;

- Identification for future reference of certain unevaluated con-

straints which were outside the purview of the present Report.

.1ethodology

Details of the methodology employed in this assessment of irrigated

agricuiture in Afghanistan are presented iz Ammex 4,
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v. PROBLEMS AND CONSTRAINTS

Introduction

The identification of major problems and constraints inhibiting the
development of irrigated agriculture was achieved through three stages:

A farm model irrigation supply system was synthesized in a
step-by-step process from the individual farmer's plot, through the sev-
eral components of the system, to the ultimate source of the irrigation
water supply. From this the key variables were identified, and through
consideration of these dependent variables and the respective causal re-
lationships involved, problem areas and constraints within the basic sup-
ply system were highlighted.

An effective demand structure with corresponding dependent
variables to complement the above supply system was then established.
This in turn led to a preliminary listing of problem areas and constraints
for each of the key variables in the effective demand structure.

Through re-examination of the various problems aand constraiats,

~ cross—critiquing, and extensive discussion among the Contractor-USAID-

DRA participants, the major variables surfaced and were placed in order
of priority, lesser variables were relegated to minor positions or elim-

inated, and the principal problem areas and censtraints were established

around which gossible solutions and "technical packages' were later
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developed.
A more detailed description of the development of the three stages

follows,

Elements of a Representative Irrigated Agricultural (supply)
System,

The diagram in Figure I-1 comprehensively lists in matrix form
the principal components of a representative irrigated agricultural system.

The catchment area is the source from which irrigation water is
derived. Human intervention in the form of diversions, either from sur-
face or from groundwater sources, captures a supply of water from the
resource area. This in turn flows through a network or partial network
of conveyance facilities to farmers' fields. Optimal withdrawals from
the resource area together with the performance characteristics of the
conveyance system are major determinants in supplying adequate deliveries
of water to farmers' fields.

A favorable environment for growing plants usually required, in
addition to appropriaie water or moisture availability, some kind of drain-
age relief system for the disposal of excess water. This obviates | soil
eaturation and thus ensures the accessibility: of aerobic Bacteria and plant
roots to sufficient amounts of oxygen.

Appropriate farm infrastructure, including well-graded fields per-

mitting a uniform application of water; efficient inter-field distribution
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systems; well-developed suil profiles; and perhaps some mechanization
to permit more timely farming practices to be applied, requires invest-
ment by the farmer. To effsct this, irtermediate or long-term credit
is usually needed.

The farmer also needs technical assistance in establishing approp-
riate infrastructure on the farm. This frequently takes the form of ad-
vice and counsel on more modern agricultural practices, especially
water managerment, in order to obtain improved yield levei: Certain
institutional needs, which are normally supplied at government cost, are
concerned with his access t> credit, agricultural schools, and research
stations, as well as other governmental service organizatious.

Farmers are also frced with costs which are anmual, recurring, or
which vary according to the cropping cyclé. Thase compri.'e good quality’
seeds; fertilizer and other agricnltural chemicals; tools; maintenance of
power, whether machine fuel or feed for amimals; zad in most countries,
water charges. Small-scale farmers usually require short-term produc-
tion credit for amortizing these costs.

Finally, local supporting enterprises are needed to handle the har-
vested crop. Basic eiements of the crop-handling support system are
shown as transport, storage, processing (where required), and marketing.

2, Analysis of User-demand Relationships.




R,

The starting point for this analysis was arbitrarily taken as the
indiviGeal farmer's plot, aad the key variables, ae tzell as the respective
factors which contributed to them, were then developed: first for tha
sugply systein, and thon for the complemencary effective demand. Fol-
lowing interfacing ard discussiou with DRA officials, the supply and de-
mand systems were refined and the mcst significant varicbles arrcaged
in order of importunce. Table I-1 shows the components of these two
on-farm irrigation systems and indicetes the causal rclationships that are
considered to exist and to affect irrigated agricultural practices in Afghru-
istan, These conditions are described in the focllowing paragraphs of tais

Section, each ksyed tc the respective key variable,

3. SUPPLY SYSTEM PROBLEMS
Resources

There is insuficient knowledge concerning the extent and quality of
the country's water resources. In the case of sireamflow, for example,
the number of gaging stations is aboizt 80 percent of the total recommended
by the 1I.S. Geological Survey about 12 years ago; data quality,however, is
not commensutate, as there are considerable drta that sre clasaified as
only fa’~ to poor; and there have apparently been a mumber of cases
whers shifting coutrols have affacted rating curves. Moreover, reduced

budget allocations hava peen responsible for shortfails in sctual departmen-
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tal requirement.
Similarly, groundwater inventory has been scanty, localized and
generally inadequate for purposes of complete resource evaluation. No

long-term records are available, drawdown-recovery data exist for only

a few areas, and no evidence was furnmished of a regular program for

hydrogeological study. Exploitation of these water resources has been
permitted to proceed without adequate planning, reflecting further lack of
lmowledge of the resource itself. No significant attempt at conservation
has yet been undertaken, although an interest has been expressed in
grounuawater recharge. The technology to optimize the usage of surface
and groundwaters exists outside Afghanistan, and is probably known to a
limited extent at Ministry level or equivalent, but research and investiga-
tion leading to practical applications appear to be at a rudimentary stage,
at best.

Adequate soil productivity investigations, including determinations of
soil fertility, have probably never been made in Afghanistan, at least to
any area-wide extent, and consequently land capability classification does
not exist. A limited and very generalized soil reconnaissarce survey was
made by a UN group in 1963. Soils laboratories visited were deficient in
experienced staff and modern equipment, and appeared to be more con-
cerned with water analysis than soils. There was no evidence of a

national soils policy or of any couniry-wide soils irvestigation programs.
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Records appeared to be incomplete and unreliable, due again, perhaps,

to inadequate or inexperienced staff.

Hydraulic Design

As related to on-farm irrigation supply systems in Afghanistan,
hydraulie design suffers initially from a lack of relevant hydrologic data,
of which farmers' gx.'oups have only an empirical awareness. Addition-
ally, conveyance systems are less subject to acceptable hrdraulic design
than they are to land configurations and right-of-way limitations. The
degree of technology resorted to is often primitive, for assistance to
farmer groups in remote areas from such government agencies as have
sufficient technical ability is limited and often non-existent.

Additional constraints on the design of the supply system are pre-
sented by limited energy and budgetary resources: 2a small pumping sta-
tion that would obviate an overly-long conveyance system could well be
precluded because of lack of power and fuel, as well as by the meager

funds available for the purchase of the equipment itself.

Construction

Particularly where the building of a sizable river diversion structure,

dam, or weir is concerned, construction operations of supply systems are

subject to the magnitude of streamflow that must be diverted during such




construction. Such flow patterns are season in nature. The normally
small budget at the disposition of tle average farm group, and the lim-
fted availability of skilled labor (such as carpenters and masons), con-
struction mecerials (often under the control of the Government), and
needed equipment, provide further constraints to construction work.
Generally the organization at the community level in Afghanistan is
limited insofar as construction experience and the requisite technological
knowledge is concerned. Such expertise may well be available at pro-
vincial or state capital headquarters, but it is frequently difficult to have
this knowledge disseminated to remote areas. Energy limitations, if not
their ocutright lack, are additional constraints because they limit the use

of power equipment that might facilitate and improve construction.

Operation and Maintenance

At present there is no DRA organization for the operation and main-
tenance of the small-scale ‘rrigation systems. The Ministry of Water
and Power has indicated that it plans to have a section in their new or-
ganization for this purpose. However, it expects that a country-wide op-
eration and maintenance program for the private, small irrigation systems
lies ten years in the future. RDD does have a maintenance section but it
is greatly understaffed and there is no budget for implementation operations.

Local organizations for system operation and maintenance exist at
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the community level. The structure of such organizations depends mainly
on the size of the individual system. Organizational operations are ham-
pired by lack of administrative competence and technical shortcomings.
With proper hydraulic desig:, small-scale irrigation systems would
be much easier to operate and maintain. There is virtually no comtrol
of the amount of water entering these systemsa (except for a few systems
that have benefited from RDD-assisted hydraulic design). Protection
from flood damage is minimal. The amount of water bears little relation~-
ship to crop requirements, The comments made under '"Comstruction
concerning materials, equipment, labor, and budget are equally applicabie
to the operation and maintenance of small-scale irrigation systems. The

lack of government regulations is conducive to permitting inequities in

the use of water.

Losses

An on-farm irrigation supply system is subject to many losses which
cun materially reduce the flow originally diverted from the river. These
losses, which have been estimated for Afghanistan to average about 65
percent of the total supply (or, indeed, all of the supply in the case of a

major structure destroyed through uncontrolled flood flows) are caused by

~ the following:

. Seepage through perviocus soils through which the conveyance
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system is excavated,

. Inadequate hydraulic design. In this instance it could contri-
bute, through oversized conveyance channels, to increased seepage and
excessive canal excavation.

. Evapotranspiration from large plants, shrubs and bushes con-
tiguous to the conveyance system.

. Aquatic growth within the conveyance system impeding normal
irrigation flows, and also contributing to evapotranspiration losses.

. Inadequate flood protection of principal structures which could
expose such structures to damage during floods, with a consequent loss

of irrigation flow as has been noted above.

Recovery Systems

Recovery (drainage) systems are usu2lly needed to prevent water-
logging, or to improve waterlogged soils with attendant high salinity.
In Afghanistan there is a tendency for water users at the head of a sup-
ply system to appropriate more than their fair share of irrigation water,
a practice which if unchecked and uncorrected usually eventually leads to
water logging. This state of affairs is a reflestion of the established
social structure which unintentionally encourages lax and inefficient water
management, and in so doing certain water users, because of their social

position, to exceed their water allotments.

-~
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Unfavorable land configurations which have not been ameliorated
through levelling or terracing can also lead to waterlogging problems,
as can the prevalence of high water tables ard unfavorable (i.e. low-
permeability) soils., This last is not too widespread a constraint, as
many of the soils in Afghanistan are more pervious than otherwise.
Wator recovered through the operatiou of drainage systems mav be re-
turned to the river, or used to replenish groundwater aquifers; in some
cases, water recovered from a drainage system can be further uiilized

for augmenting an irrigatior supply.

C. EFFECTIVE DEMAND PROBLEMS

1., Land Configuration

The natural terrain features generally found in indigenous commun-
ity irrigation systems (which, in Afghanistan, deliver water to approxi-
mately three-fourths of all irrigated land) require substantial modification
before efficient surface irrigation methods can be applied. Farmers have
managed to effect a measure of land levelling by their own devices over
the years, but mostly on a field-by-field basis. This has resulted in
odd-shaped and uneven-sized fields with no precigion grading, which has
complicated the internal farm distribution system and cobviated uniformity
of water application to the fields. To compound the farmer's problem

further, there is virtually no source of technical expertise available to
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survey and design an efficient on-farm {rrigation system, nor are land

improvement contractors and appropriate equipment available.

Soil, Water, and Plant Relationships

Knowledge in Afghanistan concerning the interaction of soil, water,
plants, and fertilizer is mostly concentrated at centrally-located research
and educational institutionz, Disseminating this information to rural sub-
centers, and through them to farmers or farmer groups, has mnot been
adequately implemented. Extension work is carried out by the Ministry
of Agriculture, but its responsibility in this area does not include the ed-
ucation of the farmers on soil and water matters relevant to irrigation
practice. This is administratively the rosponsibility of the Ministry of
Water and Power, but circulation of such information to rural areas has

not yet been implemented.

Agricultural Practices

Farming procedures for crop preduction in Afghanistan appear to
be fundamentally tradition-bound. Modernization of these antiquated
practices is hampered: first by an inadequate informatioa system to ed-
ucate the farmer, and then by a failure to provide sufficient encouragement,
incentives, or means for the farmer to effect many such improvements.

Existing practices where improvements could bo made are included

cew L
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in, but not necesssrily limited to, the following listing:

Land preparation Methods of irrigation

High ylelding varieties of seeds Control of weeds, insects, and diseaae

Desirable dates for seeding Fertilizer usage

Sowing rates Use of proper tools and equipment

'Additional constraints originate in the existing social structure.
Local power relationships impose conditions that are beyon tihe farmer's
means to overcome. Such a relationship is apparert within the community
irrigation systems, where mirabs are selected by the jirga, or council of
elders, and where consequent favoritism appears to be the norm rather
than the exception.

The lack of a crop-reporting service and a2 minimum-price-support
program, announced in advance, affects the farmer's planning. In prac-
tice, it confirms his preference for adhering to traditiénal cropping patt-

erns.

Water Management

The first phase of water management in irrigated agriculture is con-
cerned with the delivery of water from the conveyauce system to the farm.
The second phase is concerned with water management on the farm itself.

Water should be distributed among the canals and laterals in pro-

‘portion to the area of land to be irrigated on a rotation period basis,

-15 -




However, in most of the supply systems in Afghanistan there are no
gated intake or turnout structures, and as a consequence water deliver-
fes camot be fixed in terms of predetermined quantity per umit of fr-
rigated area,

Water management on the farmer's land is essentially the control
of the amount of water needed by crops at a particular growth stage, and
the time and frequercy of application as dictated by climate and soil char-
acteristics. These concepts are neither understood nor practiced by
farmers in Afghanistan except in a rudimentary, empirical way, strongly
influenced by tradition. The problem in disseminating modern water man-
szyement prirnciples is similar to that previously described for soil, water,
and plant velationships.

A further aggravaticn concerning current w;ater mismanagement is
the fairly common practice of farmers at the head of a distribution system
acquiring, through traditional use patterns, an almost incontestable right to
the use of a greater volume of water than those located lower down in the

system.

Non-Farm Demands

In many of the community irrigation systems in Afghanistap, partic-

ularly those in more remote locations, requirements for domestic use of

-16 -



water, viz.'. potable water, laundering, food cleaning, and livestock
watertni, are met from irrigation water supplies in the irrigation can-
als (Juis) which are made to pass through or near to the village. With
respect to farm irrigation, the probiem may not be significant consider-
ing only withdrawals for concumptive use. However, the pollution factor
arising from the introduction of deleterious substances such as household
sewage wastes including night soil, detergents, soaps, or other chemi-
cally non-biodegradable substances into the irrigation stream could

affect water cuality. The highest non-farm consumptive use comes from

growing trees planted along the juil.

D. IDENTIFICATION OF PRINCIPAL PROBLEM AREAS AND CONSTRAINTS
Further intensive studies and discussions of causal effects, inter-

related impacts, and the relative importance of the key variables just
described were made. As a conseqﬁence, problem areas began to emerge,
areas that embraced many of those elements which influenced the variables
themselves. The final analysis in this Section of the Study concluded
with an identification of what appeared to be principal problem areas
and the most important constraints affecting those areas.

These main problem areas were found to be:

. Resources

- 17 -



. Conveyance systems
. Utilization
The following paragraphs deacribe the major constraints that were
considered to influence these problem areas.
1. Resources:; The analysis of this problem area led to the conclus-

fon that a failure to optimize constituted the major constraint hampering

the development of Afghanistan's scil and water resources for irrigated
agricultural applications.

Insofar as water resources with irrigation potential are concerned,
there is a lack of knowledge concerning locations of sources, water
quality, and water quantities available, including a categorized evaluation
of prior claims on surface and groundwater supplies, as well as seasonal
variations over a substantial number of years.

2, Conveyance Systems: Five key constraints were apparent during

the course of the analysis of this subject:

a, Diversion structures are inadequate and in some cases may
not be the most suitable means of diverting water for irri-
gation use;

b, Seepage from the system impairs efficiency and is the chief
cause of water loss;

c. Inadequate flood protection is responsible for substantial
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water losses until repairs can he effected;
d. Conveyance contro] structures are lacking or inadequate;
e. The social organization affecting water c. trol and distri-
bution is not fully responsive to farmers' needs.
3, Utilization: Three key constraints were found to be hampering ef-
ficient utilization of irrigation water on the farmer's land:

a. A lack of knowledge by both techrician and farmer of ef-

ficient water-use practices;

b. On-farm infrastructure related to efficient water use is
either lacking or inadequate;

c. Current farming practices and the lack of a soil improve-

ment program are hiudering the efficient use of on-farm

irrigation water.
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V. POSSIBLE ALTERNATIVE SOLUTIONS

Introduction

This Section describes possible solutions which have neen consid-
ered as being responsive to the three major problem areas as defined
in Section I, C.

A, PROBLEM ARFA; RESOURCES

Basic constraints: Lack of knmowledge of quantity and quality of

resources; measures required for effective utilization; need for exploi-
tation and conservation regulations.

Possible Solutions:

1. Establishnent of 3 National Water Rescarces Commission.

A National Water Reszcurces Commission would ve 2n autonomous coor-
dinating and policy-making group for the purpose of reviewing and ap-
proving all major water resources projects before operating funds were
made available. The orgznization character, staffing and responsibili-
ties of such a Commission are given in Appendix 3, Its authority,
however, would enable it to implement the following actions; these
activities themselves constitute possible solutions within the Resources
problem area.

a, Inventory of all significant surface waters and grcundvraters;
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b. Upgrading of the hydrometeorological network to improve
the caliber of the data obtained and required for water
resource project planning;

c. Investigation of principal groundwater sources through
drilling and pumping (drawdown and recovery) test explor-
ation programs;

d. Investigation of more effective and efficient means and
measures of water resource utilization such as, but not
limited to, the artificial racharge (see definition below)
of developed groundwater sources; consideration of rumoff
irrigation (from a water availability standpoiat only).

2, Implementation of an immediate grourdwater development pro-

gram for selected areas.

(The implementation of such a program would not be dependent upon the
establishment of the aforementioned Commission. but would require a
prior groundwater inventory to be made of any designated areas for such
development. )

This program would comprise the following elements which would be
implemented in selected areas of Afghanistan to improve and increase ex-
isting and new sources of irrigation water:

a. A well-drilling program limited to relatively shallow wells

(not exceeding 25 m. in depth where small-bore rigs are
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available);

b. The cnhancement of developed groundwater resources by
artificial recharge. (Artificial recharge is the term used
for introducing water, either through percolation through
the soil using any of various arrangements of surface ap-
plication, or by injection into a water-bearing soil stratum,
known as an aquifer,)

3. A comprehensive soil inventory and description.

A soil inventory would describe the soils of different areas and the des-
cription would be coded and incorporated on soil maps. Soil maps are 2
basic tool for selecting a system of sofl management. The maps show
the kinds of soil in a field and farm -- essential knowledge for selecting
from the various available soil-management practices the combination of
practices that is best suited to the soil and to the resources, skills, and
jesires of the farmer and rancher.

Interpretations of soil maps are physical and economic analyses of
the alternative opportv™';ies available to the users of the land. They in-
dicate capabilities of the =~ils for agricultural use, adapted crops, estim-
ated yields of crops under defined systems of management, presence of
specific soil-management problems, opportunities and limitations for

various management practices, and problems in nonagricultural use.
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4. A soil and water conservation program for irrigated catch-

ment areas.

Soil and water conservation within an irrigation basin concerns the pro-
tection of soil resources agains: erosion and the improvement of the water
control system. Conservation measures to effect this would include:
a, The imposition of controls affecting grazing, the felling
of trees and the harvesting of other plant life, and burn-
ing;
b. Vegetative activities such as afforestation, and the seeding
of selected grasses, forbs, herbs and shrubs; and
c. Construction operations such as terracing, and the instal-
lation of dikes, levees, diversion and contour ditches, and
other water-detention facilities.

5. Construction of surface water storage reservoirs.

These storage reservoirs would store water for future irrigation use.
They could be formed by sizable structures across rivers; the resulting
reservoir could have considerable capacity, with carry-over storsage from
one season to the next. Smaller reservoirs, or ponds, could be formed
from embankments or dikes, and could store water temporarily from var-
ious sources, such as irrigation flows on certain farm areas, overland

runoff during high-intensity rainfall, or flow received from subsurface

sources.
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B. PROBLEM AREA: CONVEYANCE SYSTEMS

Basic constraint (B=l) . Current diversion structures need to be

improved and other means of capturing water need to be investigated.

Possible Solutions:

1. River Diversion structures.

Permanent structures, Where rivers can be spanned economically by

a weir, a permanent structure diverting the river flow to the convey-
ance system could be considered; this would either upgrade or replace
an existing installation. The siructure should be designed to withstand
a flood having an estimated peak frequency of one in 50 years. The
elements of the structure should include shiceways for silt control, con-
trol gates at the canal intakes, and an overflow weir to function as a
spillway.

Semi-permanent structures. For other wider river locations where
the above-described would be obviously uneconomical, a semi‘:;:ermanent
structure employing gabions (wire mesh prisms filled with rocks and laid
in place like riprap) could be considered. Such a structure should be
designed to withstand a flood having an estimated flood frequency of once
in 10 years. The structure should, however, include a permanent head-

gate and sluiceway, notwithstanding the knowledge that because of river

aggradation, or degradation, or course change, medification to or even
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relocation of the intake might be required in the future.
Relocation of existing diversion structures. Where additional bene-
fits would be possible such as:
a, Improved canal characteristics (non-silting or non-scouring
velocities);
b. Ability to irrigate more or better lands; and
c. Greater protection from river action sfforded to the
structure;
then relocation of the diversion structure could be considered.
Consolida;ion of existing diversion structures. Where separate ir-
rigation systems are contiguous or in close proximity, and where the
topography is conducive, economies in maintenance and operation may often
be realized by consolidating the separate diversion structures into one, A
few connecting canals would be required to interconnect the existing sys-
tems, and adjustments would also have to be made in the carrying capa-
city of certain main canals. Reductions should thereupon be realized in
overall canal maintenance needs, seepage losses, and other losses that
might be attributable to the poor hydraulic design of the original systems
before consolidation,

2. Other Irrigation Supply Schemes.

Pumped water from surface runoff sources. Pumps could be utilized to

previde irrigation water from rivers. Unnecossarily long canals could
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thus be eliminated, and with them attendant losses. Pump diversion
would also obviate( the need for run-of-river diversion structures, but
would require skilled operators with a knowledge of maintenance pro-
cedures as well as an energy source. Alternative energy sources to
fuel and electricity (in long-term considerations) could include wind and
solar power.

Pumped water from karezes. Dependent upon the capacity of the
aquifer tapped at the uppermost karez well, the suitability of arable land
in its vicinity, and the assurance of a favorable B/C analysis, consid-
eration could be given to replacing the karez system with pumps at the
uppermost well and at the outlet of the system (tapping the aquifer itself
at that point). If feasible, this would enable more land to be irrigated
and would obviate the periodic and hazardous maintenance of the karez
now required.

Controlled flow from karezes, Instead of permitting the karez to
flow continuously, the karez flow could be collected in a pipe, thus pro-
viding a means of transmission paralleling the karez tunnel. If eguipped
with a valve, the pipe system could be closed when irrigation flows are
not required, thus allowing unneeded flows to be stored in the main supply
aquifer. Alternatively, karez flow could be stored in a small reservoir,
to be used when needed.

Basic_constraints(B~2) bScepage within the system is the chief
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cause of water loss and lowered efficiency; and poor maintenance is a
further source of loss.

Possible Sclutions:

1. Lining of canals,

The lining of canals oa a selective basis would minimize seepage for
those systems where suc. .osses are considerable and critical. Linings
are usually relatively permanent (clay linings have considerable short-
comings and for several reasons would not be recommended) and are of
three distinct types:

a. Rigid - using cement or asphaltic concrete paving cast in
place or formed from precast slabs;

b. Membrane - linings prefabricated from plastic, buatyl rub-
ber, or compounds of asphalt combined with jute, paper,
or fiberglass. Such linings are either oxposed or covered
with a layer of soil and sand; and

c. Sealing compounds - liquids sprayed on ditch faces to re-
duce seepage either by dispersing clay materials, or by
filling soil pores to form a membrane.

2. Shortening of lead canals.

This possible solution has been referred to in the previous discussion of

Solution A, 1,
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3. Improved Maintenance.

During flood seasons many of the primitive irrigation systems are subject
to flows for which they were not designed. In addition to carrying and
depositing a heavy silt load in the canal, these flows are conducive to
over-topping »f banks with consequent cave-ins, and the general impairment
of the conveyance system.

During other periods aquatic growth and weeds have been allowed
to grow in the canals.

Improved maintenance would provide for a regularly scheduled exca-
vation of silt, the clearing of aquatic growth, the removal of obstacles,
and the repair of damaged canal sections. Tﬂese deficiencies impede flow
and also contribute to excessive losses.

Basic constraints (B-3) Inadequate flood protection causes major

water losses.

Possible Solutions:

1. Headgate control structures.

There are almost no permanent intake or headgate structures for divert-
ing water from the rivers into the main canals of the irrigation systems.
The main canal is consequently subject to damaging flows during high

river stages; this causes erosion and over-topping of canal banks, immn-

dation of croplands, and siltation of the canals,
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A permanent or semi-permanent diversion structure with headgate
controls to canal and sluiceway would prevent this recurring damage.
The permanent weir section could be masonry or concrete, with gabion
construction for the semi-permanent diversion structure. The headgate
or regulating structure could be masonry.

2. Siphons
Inverted siphons could be used where irrigation ditches cross roads,
canals or stream channels. The conveyance system is thus protected
against damage from uncontrolled flows in the channels and impedance
of flow from other sources is obviated. Siphons may consist of 2 con-
crete box structure or a pipe (either concrete or steel}, Their design
must be based on adequate hydraulic amalysis.

3. Flumes
Flumes could also be used to carry irrigation water across small water-
ways. Their cost is usually less than an inverted siphon, but they may
require more maintenance or earlier repiacement, and the necessary
supporting sub-structure might not be practical in some locations.
Flumes could be made of pre-cast concrete, sheet metal or wood.

4, '""Cut-and-cover'' canal sections

These sections could be used to convey water where canals eross water-

ways, or traverse steep slopes where debris deposition or slides are a
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problem from the slope above the canals. Such a conveyance has a
rectangular cross-section, and is so excavated that the structure will
be below ground surfice. The sides and boftom are usually rubble
masonry with a pre-fabricated concrete slab placed on top of the ma-
sonry walls., The structure is then covered over with fill material as
necessary.

4, Diversion Dikes

Diversion dikes, or guide levees, could be constructed for channeling
rainfall runoff which collects in waterways above fills and canal banks,
These usually originate above the canals and continue for short distances
below, thus confining such runoff and preventing it from destroying long
sections of canals. Such diversions or dikes could also keep runoff from
immdating irrigated land. Construction could be effected with earth fill
materials, loose rock, concrete, or masonry walls,

6. Sluiceways |
Sluiceways could help prevent canal siltation by removing silt or other
matter from the bottom of the intake chammnel before it has a chance to
get into the canal system. Sluiceways are frequently incorporated with
the headgate structure.

Basic constraints {B-4) Ierigation water control structures are

lacking or in need of improvement,
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Possible Solutions:

1. Division boxes.

These structures could be used to divert irrigation water from laterals to
secondary canals, from ore fleld ditch to another, or divide a stream be-
tween two or more laterals or ditches. The division boxes are generally
box-like structures, built of rubble . masonry or ccncrete with two or more
outlets (commonly called turnouts) used for the delivery of water. The
size of each outlet would be proportional toc the amount of water delivered.
Gates would be required for closing or regulating the flow into each sep-
arate outlet. The outlets of many division boxes are metered so that mea~
surements can be made of the quantity of water.

2. Checks,
Checks could be placed across canals, laterals, and field ditches to raise
the water level to the elevation that would enable the required amount of
water to be released to a field. The water level should be kept at nearly
the same height above the ground surface for the width of the field being
irrigated, so that flow into each of the basins, contour borders, or fur-
rows will be equal. Permanent gates could be used in checks, or they
could be equipped with flash boards or undershot sliding gates to control
the water level.

3. Outlets or turnouts.
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These devices could be used for releasing the irrigation water from a
canal or ditch to a fleld. They would control the amount of water be-
ing divorted into each basin, contour border, or furrow. The cho’
of outlet would depend on method of irrigation being used.

4. Drops
Drop structures could be installed in ditches on land with considerable
slope. These would permit the ditch to be constructed as a series of
relatively flat channels, each at different elevation, at non-erosive grades.
They should be generally spaceci so that the difference in elevation at
each drop does not exceed 50 cm. Drops dissipate the energy of the
falling water using a stilling basin with a concrete or rock apron, so
that it does not erode éhe ditch.

5. Metered gate structures

An accurate determination of how efficiently irrigation water is being
used is dependent upon the measurement of that water. Sufficient metered
gates for this purpose could be imnstalled in drops, checks, or turnouts.
A metered gate is a fixed dimension opening calibrated for measuring the
streamflow over or through which irrigation flows pass. Such measur-
ing devices measure the rate at which water is being delivered. They
may consist of weirs, orifices, Parshall flumes (generally employed Ly
technicians making water-use studies), and commercial gates calibrated

by the manufacturer.
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6. Closed Pipe Distribution System

Pipelines could provide a nmumber of advantages over open ditches for

the distribution of irrigation water. In reducing seepage losses, they
would be comparable to concrete-lined ditches. Evaporation losses would
be eliminated and weed control unnecessary. The area that would other-
wise be occupied by open ditches could be planted to crops. Generally,
mainienance costs would be less than for open ditches, (Increased use
is being made of pipelines in areas where water savings, costs, or the
full use of all irrigable land are important considerations.) Pre-cast,
non-reinforced concrete pipe is the most widely used type for irrigation
pipelines of low pressure.

Basic constraints (B—5) The social organization of water control and

distribution is not fully responsive to farmers' needs.

Popsible Solutions:

1. Training Program for Mirabs and Chakhbashis.

Mirabs and chakhbashi assistants are currently responsible for managing
the community irrigation system. They oversee the distribution of water
from the main canals to the numerous laterals along those canals; they
settle disputes involving the use of water; and they organize the water
users for both periodic and emergency maintenance and system repair.
Despite their unfamiliarity with hydraulic concepts, mirabs and chakhba-

shis do a fair job of distributing water throughout the systems.
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To improve overall efficiency in water use, the mirab and chakh-
bashi could be given some basic training in both modern agricultural
practices and elementary hydraulic principles. Following these instruc-
tions in the proper distribution of water within their systems, monitoring
of the degrea of assimilation and the effectiveness of this training sould
be administered by the same agency responsible for the initial teaching
program.

2. Operation and Maintenance Standards.

There is at present no governmental agency that is effectively concerned
with the operation and maintenance of small-scale irrigation systems in
Afghanistan. Such v -k is currently implemented through communal ac-
tions headed by the mirab, using simple tools and primitive techniques
practiced over many years.

The establishment of standards for the operation and maintenance
of small-scale conveyance syztems would increase the efficiency of these
systems, assuming that the agency responsible would assist in providing
matetrial, equipment, anG 2 source of financial assistance for this work,
as well as concomitant training and supervision.

3. Water Rights

Water rights in Afghanistan are based upon Islamie Law, which in effect
states that water is a free, natural resource which is to be shared equally

by all and not to be sold. Accordingly, land owuers in each region have
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devised a system whereby the irrigation water is allocated proportionately,
bised upon the size of land holdings, Although this system of water allo-
cation is somewhat crude, it could theoreticaliy work. In practice, how-
ever, traditional rights are sometimes ignored by powerful large landown-
ers, by landowners at the heuds of irrigation systems, and by other um-
scrupulous water users. Consequently, those at the lower end of the system
often receive less water than they have a right to.

The enactment of water rights legislation could contribute to the eq-
uitable and efficient use of water in Afghanistan. Such legis)~'ion would
be concerned with nation-wide standardization of water use for each region

and for each crop, as well as enforcement of the newly legislated rights to

irrigation water.

C. _PROBLEM AREA: UTILIZATION

Basic_constraints (C-1) There is a lackt of knowledge by technician

and farmer of efficient water-use practices.

Possible Solution:

Initiate research; develop irrigation guides; and give technician and

farmer training courses.

Research could produce data on proper rates of water application

based on local soil/water/plant relationships.

Irrigation guides, developed for each locality, could indicate the
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proper method of irrigation for each crop, rate of application of irri-
gation flow, duration of time required to irrigate a given area, and
the frequency of irrigation according to type of plant, soil texture, and
depth,

In-service training courses could be given to technicians and sub-
professionals that would teach thsin current developments as well as es-
tablished, approved practices related to irrigation agriculture. Informa-
tion learned from these courses could then be disseminated to farmers
on 2 broad basis., Farmer training could further be carried out through
field demonstrations, informal classwork exercises, and through the use
of media facilities available.

Field agents could be supplemented by local village workers recruited-
from among the more progressive farmers. They would receive some on-
the-job training, and be required to assist in promoting production cam-
paigns within the village. They would receive a small salary, but continue
with their farming operations.

Basic constraints (C-2) On-farm infrastructure related to water-use

efficiency is either lacking or inadequate.

Possible Solutions:

1, Improvement of on-farm distribution system.

Many of the possible solutions for Conveyance Systems previously described
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(see Section V Basic Constraints B-2 and B~4) would be applicable to

on-farm distribution systems but at a much reduced scale. Additional
control devices to regulate water onto farmers' flelds are somewhat
different, however. For this function, siphon tubes formed of plastic
pipe or hose could be used; lath boxes (spiles) could be made, inserted
through embankments, and plugged with sod when not being used; or
tile pipe could also be considered for installation in embankments or
levees that could be uncapped when water is required.

Concrete blocks, fired brick, and rubble masonry could be used
for the small structures suggested; other than cement, and materials
for making these structures would be available locally.

2. Levelling of the land.

All surface methods of irrigation require a smooth land surface for unmi-
form distribution of water. Good land preparation to obtain this smooth-
ness is the first step in installing any surface irrigation system. Such
preparation could be conducive to more efficient control of water; im-
proved surface drainage; reduced soil erosion and fertility loss; and pos-
sible irrigation of a larger acreage with a limited water supply due to a
more efficient use of water.

Several degrees of iand preparation could be considered, depending

upon the nature and extent of the specific problem:'
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a.

c.

Land smoothing is the removal of minor irregularities of
the surface without altering the general topographic pattern.
The practice is applicéble to nearly level land, or land
with slight or irregular slopes;

Rough grading is the removal of knolls or ridges, and the
filling of gullies and other low areas. These represent
greater irregularities than those described under land smooth-
ing. Cuts and fills are relatively heavy.

Land levelling is the reshaping of the land surface to a
planned grade, and usually consists of levelling the surface
of each field to a single plane or series of planes. These
planes could slope both in the direction of irrigation and at
right angles to this direction (as in furrow irrigation); or
could slope in the direction of irrigation only (as in border
irrigation); or could be level in both directions (as in basin

irrigation).

Improvement of on-farm drainage.

agriculture.

Effective drainage, both surface and internal, is essential to successful

There is little point in irrigating a crop during the early

part of its growing season only to have it damaged before reaching maturity

by pocr drainage.

Where land is not naturally well-drained, artificial drainage could
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be provided before the irrigation system is installed. Natural water-
courses could be used to carry away flood runoff, thus preventing inun-
dation and erosion. Artificial drainege works could eliminate wet spots
occuring in fields because of seepage from hillsides or from irrigation
canals or laterals, and could be used to remove standing water from de-
pressions where an accumulation of white salts on the surface of the soil

fs sometimes noticed.

—..4.___Augmented water supply during droughts.

———d
Where an adequate and conveniently-located aquifer has been identified,
consideration could be given to the construction of a shallow well which

would provide an irrigation supply for one or more farmers' fields.

Basgic constraints(C-3) A soil improvement program related to

water use is urgently needed.

Possible Solutions:

1, Increasing of fertility levels.

The need for expanding the productivity of Afghanistan soils is apparent.
Fertility levels could be raised through fertilization and soil amendments,
which would provide a replenishment and enrichment of major nutrient
elements in the soil for optimum plant growth, The extent of such re-
plenishment could be determined from a soil fertility analysis which would
indicate inherent fertility levels.

2. Reclamation of the soil
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Reclamation i{s needed in many areas of Afghanistan to remove deleterious
or excessive salts from the plant root zone of the soil profile. Chemical
treatment of the salts (where indicated by soil tests) together with drainage
and leaching could provide the basis for the development of a more favor-
able environment for soil/water/nutrient interaction and consequent plant
growth.

3. Subsoiling
Some areas of Afghanistan have soils with limiting or barrier layers;
these comprize zones of more compacted soil materials, or concretion
layers within the soil profile. These conditions limit plant root develop-
ment and restrict internal soil drainage.

This problem could be corrected by subsoiling to break up or shatter
the impervious or semi-impervious layer in the subsoil. This would en-
hance water infiltration rates; would afford the plant root more of the soil
profile zone for its development, and respiration; and would improve in-
ternal drainage.

Basic constraints (C-4) Current farming practices are not conducive

to efficient water use.

Possible Solutions:

1, Land preparation, proper seeding, fertilizer application, and

weeding,

Land preparation includes plowing; hacrowing; smoothing the soil;
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the forming of ridges to separate border sirips or basins for closegrow-
ing crops; and the forming of furrows for other crops, particularly root
crops.

Proper seeding using quality seeds in a more organized fashion
would contribute to better plant distribution, whereby plants in a row are
systematically spaced to encourage equal soil moisture zones from which
moisture and nutrients can be withdrawn,

Fertilizer application at the recommended times and rates would
facilitate the growth of more vigorous plants with well-developed root
3ystems; these would penetrate further into the soil, tapping moisture
from a larger soil-moisture zone.

Control of weeds would eliminate competition for available soil mois—
ture and plant nutrients and would accordingly encourage plant growth amd
development.

2. Cropping systems, including rotation and intercropping.

Rotatior means growing a warm and a cool-season crop, leaving the land
fallow; or growing a perennial crop in systemized sequence to maximize
land use. Either procedure would stimulate increased production. Many
rotations could be developed.

Intercropping refers to the growing of two or more crops simultan-
eously on the same plot which do not interfere with each other at harvest.

Possible examples would be the over-seeding of wheat with clover; a
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mixture of clover and wheat in an orchard; climbing beans in maize
(corn); or the intermixing of two vegetables.

Basic constraint (C-5) Runoff irrigation {8 not being considered in

many areas of Afghanistan,

1, Possible Solution:

The basic objective of runoff irrigation is the interception of the maximum
amount of rainfall runoff through impoundment and subsequent percolation
to and retention within the plant root zone. Its practice is applicable to
semi-arid areas with an mamual rainfall of at least 100 mm.

Natural runoff from rainfall is intercepted and diverted to either mi-
crocatchment areas or to terraces; the areas are bounded by low earthen
or rock-filled walls. Openings in the walls function as spillways, allowing
excess water to be released,

The practice is simple in concept but somewhat sophisticated in im-
plementation. It could be considered for some extensive areas of arable
lands in the country now uncultivated, and it has a potential for materially
increasing agricultural production. However, climatic and soil conditions
must be well known and conducive to the practice. Moreover, considerable
technician and farmer training, as well as contimious supervision during

the initial years of implementation, should be provided to ensure success.



VI, POTENTIAL IMPACT OF TECHNICAL PACKAGES

Introduction

Following extensive study and discussion of the possible solutions,
it was concluded that no sipgle solution could be assigned to any specific

subsector problem. Accordingly, technical package solutions were de-

veloped.

This Section deccribes these technical packages, identifies the in-
puts (technical assistance, commodities, equipment, training, and type
of financing) that would be recuired for their implementation, and dis-
cusses their potential impact on irrigated agriculture in Afghanistan in

general, and upon the individual Afghan farmer in particular.

Technical Packages

1. Inventory. This package represents a long-term program in-
volving the Ministries of Water and Power, and of Agriculture, plus the
Rural Development Department. As the Air Authority has the responsi-
bility for operation and maintenance of meteorclogical stations and the
dissemination of data therefrom, it would also participate in the program.,

The inventory package is concerned with the inventory of the natural
resources of soils, surface water, and gromxdwate_r. It would include the

upgrading of soils laboratories; the expansion to first-class standards of
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the hydrometeorological network and amcillary support services; and
improving the capability for groundwater explorations to be made.

This effort would require some inputs of commodities and equip-
ment., Technical assistance has been provided in the past, and a
judgment assessment is that more should ;10t be required for initial
package implementation. Similarly, foreign training should not be
considered until the project were well underway and specific training
needs could be more precisely delineated.

Such an inventory would ultimately enable the na .on to kncw the
extent of these resources so essential to irrigated agriculture, as well
ag providing the means for obtaining basic soils and hydrologic data;
these data are needed for improving plamning and design operations, and
could also be useful in determining the actual value of irrigation water.

The individual farmer would eventually benefit as the value of these
resources was finally understood and appreciated, as a more efficient
use of soils and water would lead to increased production and, ultimately,
as his income would consequently increase.

2. System Infrastructure. This package is concerned with the ap-

plication of technology to improve and upgrade the irrigation system:
diverting water from its socurce and conveying it to the farms within the
service area being irrigatzd. H covers the utilization of techniques af-

fecting diversion and water control for open ditch distribution systems.
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R assumes an adequate supply of water is available, and in this res-
pect is relevant to Package I, Inventory.

Diversion structures could be permanent or semi-permanent,
Sound hydraulic principles should govern the design of distribution
systems, including terminal facilities, with special emphasis on: (1)
upgrading of diversion structures; (2) flood protection; (3) water control
structures; and (4) seepage losses (canal lining).

Equipment and commodities would be needed as well as in-service
training programs for professional, sub-professional, and technical
staff. Cn-the-job training could be provided by consultants and expat-
riates, Grant and credit funding would be needed for the implementation
of the technical package.

In addition to the rehabilitation of irrigation systems and a conse-
quent augmentation of the irrigation water supply, the package would
provide an additional factor favorably affecting increased yields and im-
proved quality of crops grown, with the ultimate end of increasing and
stabilizing the farmers' economy.

3. On-Farm Infrastructure. On-farm infrastructure is concerned

with the physical characteristics of an individual farmer's land holding or
farm., The elements of on-farm infrastructure included for improvement
in this package are land levelling, field drainage, on-farm distribution

gsystems, and on-farm wells, The improvement of these elements would

- 45 -



permit the farmer to apply water and other inputs with greater effic-
fency, The maximization of these inputs could result in greatly in-
creased yields with considerably less labor requirement.

The implementation of a farm infrastructure improvement program
would require technical assistance, training, commodities, equipment,
funding for demonstrations and for intermediate-term credit. The Agri-
cultural Bank would be the agency resvonsible for providing assistance as
well as for implementing this program.

In addition to the rehabilitation of irrigation systeme and a conse-
quent augmentation of the irrigation water supply, the package would pro-
vide an additional factor favorably affecting increased yields and improved
quality of crops grown, with the ultimate end of increasing and stabilizing
the farmers' economy.

4, Soil Improvement Program. A soil improvement program

would be based on soil management principles, and would promote the
reclamation oi saline or alkaline soils, and the improvement of soil fer-
tility. Such a program could benefit farmers by increasing crop yields
and by improving soil tilth; the latter would enhance water-use efficiency
on the farm.

This program would be closely allied to programs foi System and

On-farm Infrastructures. It would also be related to both Research and
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Extension and Training Programs.

Inputs for program implemertation would include technical assist-
ance; training; commodities; equipment; end funding for demonstration
plots and for credit resources.

DRA Ministries and agencies which would be involved in the im-
piementation of the program would be the Ministries of Water and Power,
Agriculture; and the Agricultural Bank,

5. Research. A strong research program for developing and
testing varietal response to seil/water/plant and nutrient interactions as
well as cultural practices would significantly benefit Afghanistan's agri-
cultural programs. All farmers could potentially benefit by adopting
more modern farming practices as developed and mleased by the nine
research institutes in the country.

This program is a vital necessity for upgrading the quality of ex-
tension information to be disseminated to farmers, for developing irri-
gation and drainage guides, and for testing new technology such as run-off
irrigation. The program would serve as the font of information used in
the Extension and Training Program.

Financial implications are indicated for technical assistance, for-
eign training, commodities, equipment, and some funding for demonstra-

tions. The Ministry of Agriculture is the DRA agency responsible for
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research.

6. Extension and Training, The Extension and Training Program

is structured to upgrade the quality of techrical advice being given to
farmers on farming practices in Afghanistan,

Both the individual Afghan farmer and the country's farming com-
munity as a whole could benefit from the introduction and adaptation of
more modern farming practices that would have as their objective in-
creased ylelds and production levels,

This package should begin with 2 progressive schedule of upgrading
the skills and knowledge of present cadre and staff through in-service
training. Further sophistication could be achieved through technical as-
sistance and foreign training. The program would need support for ac-

quiring commodities, equipment, and some funding for sponsoring demon-

stratiors.

Implementation would be effected through the Ministry of Agricul-

ture.

7. Groundwater Development. This package is concerned with

the necessary exploration and development of wells, springs, karezes
and galleries; a program for the introduction of artificial recharge; and
an extensive groundwater tesating program.,

The impact of snch a program that woulcd accrue to the nation
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would be the increased knowledge of the groundwater resource potential
throughout Afghanistan, l;nowledge that would be of considerable value

in the more efficient utilization of present groundwater systems; the con-
trol of pumping and drawdown; and the planning of future irrigated agri-
cultural developments that would be dependent upon groundwater resources
either as a prime or supplementary source of irrigation water.

The farmer would benefit from a groundwater program wkere ade-
quate supplies of groundwater were discovered through investigation, or
where present inadequate supplies could be increased through artificial
recharge. The increased water supplies could improve crop yields and
hence farmers' incomes.

Inputs required would be small amounts of technical assistance;
tra..ing; and laboratory and testing equipment. Some additional drill rigs
would be needed to augment present inventories.

The Ministry of Water and Power would be involved in the program's

Y
implementation, as weil as the Rural Development Department and the Ag-

ricultural Bank.
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VIII, ADDITIONAL UNEVALUATED CONSTRAINTS

Although the Team's development of the technical and policy pack-
ages was influenced by the constraints that have been described in detail
in SectionIV of this Report, there are other possible constraints or limi-
tations, some of a socio, cultural nature, which although beyond the
purview of this Study, should be borne in mind for future reference.
These unevaluated constraints (insofar as their impact upon the desig-
nated respective packages is concerned) are outlined below. Some of
them could significantly influence any decision concerning the future im-
plementation of the packages.

. Traditional agricultural production methods: The insistence of
farmers in adhering to traditional but outmoded methods of ag-
ricultural production limits and frequently negates many recom-
mended inputs. This has been one of the root causes of dis-
appointing returns on socme major irrigation projects. Irrigation
water is simply one input affecting production: fertilizer, qual-
ity seed, and good cultural practices are equally necessary, for
regardless of its application, irrigation water applied to sterile
sand will not produce a grain of wheat, a boll of cotton, or an

ear of maize.
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Afghanistan desperately needs a program acceptable to its
farmers that will induce them to acce st progressive agricultural
practices.

Water law/water rights/water charges: The Team has been
shown a translation of a decree setting forth water rights.

Field trips to several projects, and the reading of reports
touching on the subject, have been unconvincing that a national
water law exists, or that water rights are being equitably ad-
ministered or enforced. There was no indication throughout Af-
ghanistan that wrater charges are either being made or are con-
templated. The absence of these elements, so essential to the
success of many of the solutions contemplated, constitutes a
serious limitation to future irrigated agricultural development.
Soil conservation: The effectiveness of vegetative and mechanical
measures for protecting water catchment areas against further
erosion and other deleterious effects of surface runoff would be
dependent upon concomitant regulatory conirols such as restrict-
ions limiting grazing, wood harvesting, -or burning. Such re-
strictions could engender adverse impacts where the controls
conflicted with traditional practices. Because the program was

not considered as significant as other possible solutions studied,
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further investigation of a soil conservation program was aband-
oned,

. Land Temure: Land reform legislation was passed during the
drafting of this Report. Its full import, and the extent and
timing of its implementation, were not available to the Team.

. National energy and msterial resources: The relaxation of
present restrictions on energy and material resources, even-
tually permitting the farmer access to these elements, could
significantly contribute to his increased production, and conse-
quently could influence the possible impact of the packages.

The technical and policy packages have also not been subjected to
possible limitations that could be imposed by their relevance to the USAID
Country Pian for Program Development, its priority committments, and

its timing.
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IRRIGATED SUB-SECTOR ASSESSMENT

Use of Ground Water and Recharge
to Increase Agricultural Production

SUMMARY AND CONCLUSIONS

There are a large number of wells, both shallow and deep, in Afghanis-
tar to augment surface runoff supplies of water for frrigation. In times
of low runoff wells become an even more important water resource for
agricultural production. In some areas ground water is the only source
of water (such 2s the use of karezes). More wells are going in, the
tendency is to place emphasis on the shallow hand-dug well to help the
rural poor. Generally the rural poor are not on the upper end of dis-
tribution systems ana thus suffer from insufficient water.

Ground water levels are declining in a2 number of areas and there is fear,
particularly as more wells go in, that declines will continue. Declines
are expected in a number of areas that are being planned for development.

Mr. Asimi, President of Planning, Water and Power, in programs involv-
ing wells, suggests consideration of artificial recharge (not practiced in
Afghanistan as yet). Mr. Asifl, President of the AgBank stresses the use
of wells and is concerned about the lack of knowledge to select appropriate
locations, type and optimum depth of wells, and to predict approximate
yields. Dr. Raouf, President, Water and Power Engineering Company, has
also expressed concern over the possibility of declining water tables in
three areas for which plans are being developed. - Mr. Said of the AgBank
stated '"that a number of farmers want ic return their pumps to the Bank
because their wells have gone dry".

Consequently, it appears that there is an immediate need to arrest the de-
cline and raise ground water levels, starting in areas where there are a
relatively large number of farmers, particularly rural poor. To do this
an exploratory program is needed, using portable small-bore drill rigs,

to obtain the following inventory to provide information enabling: (1) De-
termination of depth, extent and characteristics of sub-strata; (2) Delinea-
tion of the depth and extent of aquifers (water-bearing formations); (3)
Determination of depths to water, available supplies, and quality; and

(4) Estimation of the capacity of ground-water basins and safe yields.

Such investigations enable selection of the best sites, types and optimum

a,



depth of wells, yields anticipated, and safe yields (to insure some water
supply during periods of low runoff and droughts). Additional equipment
needed is a test kit to determine water quality (as salinity and alkalinity).
Sites and deptb of test drilling are based on existing data available, or
from the exploratory program,

Sources of ground water in a ground water development program include
wells, springs, karezes, infiltration galleries or intercepting ditches,

Each is discussed herein including methods to increase water yields and/or
~ conserve water, looking toward increasing agricultural production. Ground
water is used basically to augmeut surface supplies of runoff water, how-
ever during years of low surface supplies, ground water can become the
major supply and minimize the effect of droughts.

To date ground water has been augmented by seepage from rivers and their
sub-systems, diversions and conveyance systems, and over-irrigation.
However, seepage is falling short of maintaining ground water levels, Con-
sequently artificial recharge (not practiced as yet in Afghanistan) is neces-
sary now, not only to maintain appropriate levels but increase them where
necessary, The water supply for artificial recharge becomes available dur-
Ing years of excess runoff. Such water now wastes to deserts or swamps.

Recharge includes surface methods as grassed basins and injection methods
as pits, shafts, trenches, ditches, meandering canals or combinations of
these., Over-irrigation, for example, of alfalfa~cropped hasins, each basin
with a pit (exposing aquifer material) can fuifill a two-fold purpose, re-
charge and a cash return (as food for livestock). In addition to the infor-
mation gathered under the inventory, it is necessary to obtain information
on water movements in the surface soil of potential recharge sites. Such
information is obtained with manometer-equipped infiltrometers and a soil
moisture device, all described herein and references to publications noted
(copes ieft with AID/A). Recharge with good quality surface runoff also
dilutes salinity of the ground water, an additional benefit.

The programs summarized above are needed now to increase agricultural
production in Afghanistan and to help all farmers, particularly the rural
poor.



AFGHANISTAN

IRRIGATED SUB-SECTOR ASSESSMENT

Annex 1

Use of Ground Water and Recharge
to Increase Agricultural Production

by
Leonard Schiff, P.E.

INTRODUCTION

The team leader of consultants from Experience, Inc. suggested that the
section on ground water, because of its somewhat distinct nature, be at-
tached as Annex 1 to the'lrrigated Sub-Sector Assessment”. The writer
was in Afghanistan from 10/16 - 12/7/78. This section follows portions
of the "Key Variables" pertaining to ground water as developed by USAID/
Afghanistan, Afghan representatives, and the consultants. Recommenda-
tions are considered under "Evaluation of Alternative Technical interven-
tions'' as developed by AID/A. This approach dcveloped a closer working
and personal relationship with the Afghans that enhanced the work to in-
crease, among other things, the water supplies for agricultural production,
especially for the rural poor.

Precipitation varies from about 1000 mm. in the higher altitudes to as
little as 20 mm. anmually in deserts of the southwest. Most precipitation
in the form of snow in the mountains is reileased through the summer and
is the primary source of the nation's rivers and augments ground water
supplies largely by seepage.

The hydrologic system is composed of ten river systems or major sub-
systems flowing into four basins (Oxus, Helmand, Kabul and Hari Rud).
Only the Kabul outlets into the sea., Some outlet into desert wastes or
swampy areas. (Using artificial recharge, some of the water wasted
could be used to augment ground water supplies, particularly since addi-
tional wells, primarily shallow, are recommended ir a number of areas
by the Ministry of Water and Power and the AgBank).

About 80-85 percent of the population depends directly upon soil and water
for their livelihood. The yearly increase in population is about 2.3%. it



is a country that can proudly claim its "fiercely independent'!, hard-
working people. About 12 porcent of the land {of a total of 250,000
square miles or 6,444,000 square kilometers) is cultivated at present,
Increases in this percentage can be forcescen through proper management
of surface and ground waters and the use of artificial recharge.

Ground water has existed historically and is augmented by seepage from
rivers, subsystems, distribution systems and unintentional over-irrigation
by some farmers. As the number of wells increase, the additional ex-
traction of ground water will necessitate the use of artificial recharge
methods and systems in some areas as discussed herein.

It appears that from historical times to the precsent, ground water varied
from mostly low or mildly to highly saline (from various reports and by
electrical conductivity measurem=<-ts made by the writer in a field trip,
pH measurements show no alkalinity problems), Unfortunately there i.

the likelihood thatsalinity of the soil may increase under present practices.
Excessive irrigation on farms, particularly near upstream diversions or
near the head of irrigation systems, actually leached salts from the top-
sofl, thus ensuring a better eavironment for agricultural production. Farms
lower down have not been as fortunate, particularly from the standpoints
of lack of sufficient water and insufficient leaching. (For the technically
inclined, the leacaing requirement, LR, is the electrical conductivity of

the irrigation water divided by the electrical conductivity of the drainage
water. )

Needs Based on Ground Water Problems

Needs ‘related to ground water problems based on field trips, discussions
with fiye Afghan Ministers and their staffs, and the President of the Water
and Po¥er Engineering Company and some of his staff, and a review of
literatune are: '

1, - Strategic locations and optimum depth of wells, prediction of
yields (not only for best yields but assurance to farmers).

2. Increase jield of kare-es and possibly springs and consider
use of Infilcration Galleries to collect ground water.

3. Artificial recharge to augment ground water and thus surface
supplies to maintain and probably increase agricultural produc-
tion.

4, Management to maintain ground water at ''safe elevations' for
supply to wells and to minimize effect of low, surface-runoff
periods and droughts (includes training of farmers, technicians,
cnd extension workers).
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Problems - Use of Ground Water

There is insufficient knowledge as to the quantity and quality of the grounid
water and how to effectively use this resource. 1t will be helpful to cite
Ministers and members of their staffs(Department of Water and Power,

and AgBank) concerned directly and financially with potentials for maintain-~
ing and/or fncreasing agricultural production in Afghanistan: '(1) Increase
the supply of water by using more ground water (particularly shallow wells),
(2) Increase yield of existing karezes (underground tunnels that tap ground
water supplies), (3) Improve distribution and management of water."

Excerpts from a report by Azimi (President of Planning of the Ministry of
Water and Power) and McMillan (Water Resources Engineer) 1977, follow:
"(1) Agricultural production depends largely upon irrigation, (2) Karezes
waste much ground water, (3) Most surface water supplies are unreliable
due %o recurrent droughts and insufficient storage capacity, hence the im-
portance of timely ground water development, (4) Origins of subsurface
water are mostly from rainfall and snowmelt (proportion sinking into the
sofl often higher in arid regions), also in arid regions ground water storage
is often the most reliable source of irrigation water, (5) Where conditions
are favorabvle, the use of one or more aquifers as reservoirs can contribute
to the improvement of agricultural productivity and can eliminate evapora-
tion losses, can provide a low-cost distribution system and result in cost
savings when compared to surface reservoirs, the development of ground
water supplies must not be neglected, (6) Artificial recharge is recommended
(not practiced at present), and (7) The M. LS. subsectioa (Minor Irrigation
Section) concluded that a potential for ground water development exists and
that farmers are interested in ground water development." If I recall cor-
rectly, Mr. Asefi, President of the Agricuitural Bank, indicated at a meet-
ing that additional shallow wells had important potential.

On a subsequent visit to the AgBank, Mr. Mohammed Said stated "that a
number of farmers want to return their pumps because their wells have gone
dry." Dr. R. Raouf, President of the Water and Power Engineering Co.,
discussed the ground water situation and two members of his staff stated

that in the three areas for which they are developing plans, similar problems
may occur, (artificial recharge should be considered as discussed later in
this section). .

Water movements through soil and substrata generally have not been related
to the physical and chemical characteristics of the soil and substrata. Little
information exists on water movements through soil and substrata and later-
ally from the ground-water tables. Information could be obtained enabling
better selection of sites for wells, determination of the optimum depth of
wells and management of the amount extracted, whether wells are shallow
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hand-dug, shallow or deep bored,

The Ministry of Water and Power is well cxperienced in constructing
hand-dug wells, relatively shallow and deep bored wells, and costs, In
development of wells, pump tests, and pumpsets required, consultants
have also contributed to this background. This Ministry also stated
energy {s not a problem,

Morae information Is needed on the capacity of subsurface basins now used
(at least that supplying existing wells or those that may be added). Such
information will be vital, particularly as more welis go in and guides
are needed as to the type and mumber of wells installed. ‘The amount of
water that can be safely extracted to increase agricultural production is
not available, nor is the amount of water that should remain in storage
to be used only when it is necessary to minimize the effect of droughts
on agricultural production.

Recommendations -- Ground Water

1. Explore, inventory, classify ground water (for use of wells).

First, it is desirable to determine the physical and chemical characteris-
tics of existing ground water basins that are being used and may be used.
If sufficient logs of existing wells are available it may be unnecessary to
drill small-bore test holes to augmen:. existing information. These made
on existing wells are and will be helpful in determining important ground-
water flow characteristics of a subsurface basin (areas through which water
flows, slopes of water tables and ability of substrata to transmit water).
Small-bore holes should be drilled to a depth based on the characteristics
of the surface and sub-surface materials found (usually about 30 meters will
be sufficient, as stress is placed on shailow wells, although deef) wells are
not ruled out). Emphasis is placed on helping the rural poor.

It is understood that relatively light, portable drill rigs that may be towed
are available (about $12,000 has been cited as the cost of such equipment,
however, additional rigs may be necessary). Holes are drilled usually on
a grid system as far apart as possible, (based partially on existing infor-
mation such as logs of wells, profiles of hand-dug wells, seepage from
rivers and the hydraulic gradients or slopes of the ground water table).

If there is an abrupt change between test holes, a hole(s) may be drilled
between to establish continuity of the different substrata,

The ground water hydrologist need be on a site only long enocugh to select
locations of test holes and to inspect test samples of materials collected
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and to test water samples for quality, In this manner the hydrologist
may cover a number of areas in a relatively short time.

Figure 1, next page, shows a helpful method of plotting stratigraphic
characteristics or the texturns of soil and substrata found (isometric pro-
jection). Also water levels and permeability designations are noted on

the figure. Such information is necessary to determine the capacity of

the basin, at least in the area tested, and substrata that may perch water.
Data on such a figure permit determination of the hydraulic gradients or
slope of the groundwater table, (hydraulic gradients along with the hydrau-
lic conductivity or permeability of the substrata and the area through which
water flows are key factors in the determination of: amounts of flowing
ground water, use of ground water, rise and fall of the ground-—wator table,
recharge, 'safe" yield, and management).

Nothing as elaborate as Figure 1 need be drawn. This figure is a copy
of a detailed study made by the writer in one area in South America.
(Suck information is also needed for selecting sites for artificial ground
water recharge.)

Figure 2, in Appendix 1, has been included to indicate a technical approach
to estimating the rise and fall of a ground water table. Performance tests
and monitoring of selected wells are also important indicators of the
aquifer characteristics.

An electric logger can be used to determine information on substrata char-
acteristics and permeability, although this approach is not recommended for
Afghanistan, at least at the present time.

Information obtained above will indicate the feasibility of not only using
shallow and other wells, but also using relatively shallow infiltration gal~-
leries (coliector drains) or interceptor ditches. It will guide the locations
and types of wells used, including hand-dug wells (particularly for small
farms and the rural poor). Figure 3, Appendix 1, shows a typical design
of a2 hand-dug well. The approach given above is an economical one that
may be used in many agricultural or potential agricultural areas to obtain
essential data for the conjunctive use of surface and grou:d waters.

_ 2. Karezes,

Figure 4, page 7, shows a cross section of a karez. In specific regard
to the use of karezes (additional karezes have not been recommended by
Afghans), it is suggested that consideration be given to enlarging the tummel
where it contacts ground water, at A in Figure 4, or use a relatively small
interceptor there across the tunnel, only if the additional water could be
1sed effectively for farming.
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The movement of groundwater into a tunnel is directly proportional to
the contact area. However, before attempting to increase the flow of
a karez it should be determined if this will reduce the flow in a neigh-
boring karez.

Water from karezes, outlets at B, Figure 4, water wasted at B, should
be considered for artificial recharge. Recharge generally could be prac-
ticed slightly downstream and around or near a shallow well (usually
hand-dug), C. Figure 4. Whether or not the recommendations concerning
karezes are feasible at a given location depends on the characteristics of ~
the site, This approach may permit farming more land.

3. Infiltration Galleries

An infiltration gallery is a horizontal permeable conduit or ditch for in-
tercepting and collecting ground water by gravity flow and is quite widely
used (not used in Afghanistan), To be successful it must be located in a
permeable aquifer with a high water table and fed by an adequate nearby
water source of suitable chemical quality (parallel to rivers, sub-systems,
conveyances where depths of 3 to 7 meters are common, greater depths
usually are not economical). Water entering a gallery or ditch flows to

a collection sump where it is pumped for use. Based on a field trip,
suitable sites appear available in Afghanistan.

For economy, an interceptor ditch sloping downward into a distribution

system providing water for irrigation can be visualized If conditions are
right. Small check dams (such as wire-and-rock dams) may be needed
to reduce velocities in the ditch.

Yields vary widely, but rates up to 300 liters/sec/300 meters of gallery
length are not unusual. Further field investigations of potential use are
necessary.

4. Springs - to increase flow from springs (as enlarging exit) re-
quires investigation.
ARTIFICIAL RECHARGE OF GROUND WATER AND DEVELOPMENT

Interest in artificial recharge has been expressed by Mr. Asimi, President,
Planning, Department of Water and Power; Dr. Asefi, President, AgBank;
and Dr. Raouf, President, Water and Power Engineering Co. Artificial
recharge is not practiced in Afghanistan,

Artificial recharge means spreading water on land surface such as

basins (formed by ridges around land surfaces) or small check dams
(such as wire-and-rock) in wide, shallow river or sub-system with perm-
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oable beds. Injection methods of recharge includes the use of pits, shafis, .
and ditches or meandering canals in permeable soil.

To use additional ground water by installation of wells where there is not
enough natural recharge can be hazardous. The ground water table will
decline, wells will have to be deepened, 1ift costs increased, This had
kappened in the area where the writer lives (the highly productive San
Jecaquin Valley of California, USA). More and more artificial recharge is
practiced, particularly during wet years when more surface water is avail-
able or where there is sufficient stream ow or {low is wasted or goes to
less desirable places,

A quote from Mr. M. Said of the AgBank staff at a meeting held Nov.

27, 1978 follows: "A number of farmers want to return their pumps to
the bank because their wells no longer produce water.

Devices Used to Evaluate Potential Recharge Sites

The evaluation of potential recharge sites and the selection of methods or
systems of recharge depends upon relating characteristics of surface soil
and substrata to water movements in soil, Schiff, 1964. Figure 5, page
7, shows devices already established for testing the surface soil for the
' best locations for recharge, Schiff, 1964, Cluss are first obtained by
using a soil auger to determine where surface soil and shallow substrata
are permeable.

The first step in selecting sites for artificial recharge in areas where re-
charge is needed is to bore holes with a soil auger in likely locations.
This determines whether or not the soil and shallow substrats have the
moderate to high permeability required, particularly for surface recharge,
Site(s) need not necessarily be on the land being farmed but can be above
where the slope of the ground water table is toward *he farming area,

After possible sites have been determined, the next step is to use about
three manometer-equipped infiltrometers and a soil-moisture device des-
cribed by Schiff, 1964. These devices (marked 1, 2, and 3, supplied
with water from a metal drum) are shown in Figure 5. The covered
metal cylinder, marked "A" in Figure 5, is the soil-moisture device,
The devices are simple and inexpensive and are used to determine the
infiltration curve with time (entry rate of water into the soil), transmission
rate (actual velocity of water, primarily in the gravity or non-~capillary
soil pores) hydraulic conductivity of the soil (ability of soil to transmit
water), soil field capacity (amount of water held in the capillary or small
pores), and soil saturation (total water held by soil when both capillary
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and non-capillary pores are essentially full of water). A copy of the
publication referred to abcve has been left with AID/Afghanistan,

The devices described above are used tc test wiiter movements in soil
with 2 minimum disturbance of the socil, so that the ratural forces ex-
isting, primarily capillarity and gravity, are operative. Figure 6, page

7, shows a permeameter, designed by Schiff, 1964, for obtaining infor-

mation on water movements in soil as described above., The device uses
soil cores obtained in the field by using a lever device to force thin-
walled metal tubes into the soil. There is some disturbance of the soil
but it is recommended over the 'disturbed" type soil sample.

Methods of Artificial Recharge Include:

Surface spreading methods utilize basins, furrows, ditches, 'wild flood-
ing" and streams, check dams (example, wire-and-rock dams) in streams
that are wide and shallow and the soil is highly permeable. Injection
methods are also used employing gravel-filled shafts (with sand filters),
pits and trenches. Wells are used sometimes, but this approach is not
applicable to Afghanistan,

The basin method is illustrated in Figure 7, page 11. It consists of a
series of interconnected basins formed by low earth ridges or dikes (can
readily be done by farmers)., Grasses may be grown on spreading basins
to increase the infiltration rate or entry rate of water into soil. One of
the best used in California is Bermuda Grass (appears applicable here).
The grass cover maintains an open friable surface soil of good structure
and infiltration rates of 1.2 meters per day were obtained even with con~-
siderable sediment in suspension in the water being spread. The infiltra-
tion rate, using similar water on a nearby basin with no vegetation, was
about 0.4 meters per day. Figure 8 shows a rise of about 2 meters in
the ground water elevation in 12 days of basin recharge (neutron probe).

Another possibiiity, although recharge is not as great, is to use a crop
like alfalfa on spreading areas (called replenished irrigation in the United
States)., Alfalfa can take a lot of water and also provide a cash return
by yielding several cuts as a food for livestock. However, this method
(as does Bermuda Grass to a lesser extent) permits recharge plus a cash
return. An injection method of recharge, such as a pit dug to expose
aquifer material, may be used in basins where conditions are feasible.

As water infiltrates into soil the infiltration rate curve will decline as
shown in Figure 9, page 11. The initial decline is largely due to swelling

-10 -
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of soil particles and some movement of 30il particles; the recovery is
Adue to the elimination of entrapped air; the final decline is due to clog-
ging and microbial activity if a food substance is available in the soil
for bacterial activity. Drying causes a recovery in infiltration rate,
hence the wetting of some basins while others are being dried for recov-
ery in infiltration rate,

Injecticn methods such as pits, shafts and trenches may be used where the
topsoil, the subsoil and/or upper strata limit infiltration rates into aquifer
material, Results from an experimental pit, Figure 10, page 10, were
reported by Schiff, 1956, The sand exposed is two meters below the soil
surface, The overall area of the pit is 0.405 hectares and the sand
aquifer is 0.014 hectares. Rates up to 17.7 meters per day were achieved,
(compared to 1,2 meters for the topsoil) or about 2,48 hectare meters per
day. For the technically inclined, computations for velocity and hydraulic
conductivity are given in Figure 14, Appendix 1.

Gravel back-filled shafts placed in channels may be used if characteristics
so dictate, Schiff, 1956. A square wooden frame with a screen is placed
over each shaft. Sand is placed in each frame or box. The sand filters
out sediments that would normally go into the shaft. Occasionally when

water is not in the channel the deposits on the top of the sand filter are

scraped and removed., Figure 11, page 10, shows an experimental shaft
with sand filter. Another approach is to back-fill the shaft with small
gravel to about 15 cm from the top and then fill to the surface with sand.

Other methods of recharge inciude a canal that meanders in permeable
soil or a series of ditches, Figure 12, page 10. Figure 13, same page,
shows small wire-and-rock clhieck dams used in a wide, shallow stream
with 2 permeable bed.

The recharge method or system used will depend on information obtained
using approaches described in discussing key Figures 1 and 5.

With the information now «vailable to the writer, the grassed, intercon-
necting, basin method app:ars to offer the most potential for recharge in
Afghanistan. Perhaps pits or shafts backfilled with sand at the end of
each -or some of the basins, may be a desirable addition. The method(s)
or systems selected dep:nd on the soil and substrata characteristics,
Bermuda grass has increased rates in basins from 0.4 to 1.2 meters per
day and assimilated "reasonable" sediment loads. Recharge irrigation
using alfalfa on basins would provide less recharge, but a food for live-
stock. Here the combination with pits or shafts at the end of each or
some basins may be a4 good approach to increase recharge.

-12 -



Water Used for Recharge

It is usually desirable to avoid spreading water from initial high runoff
flows of rivers or streams as such flows contain considerable sediment
in suspension, However, diversions or pumping (includes floating pumps)
from the upper part of the flow avoids bedloads and thus much of the
sediment.

Since excess surface runoff, generally of good quality is used for recharge,

there is a dilution of salinity of the ground water, This is an important
benefit of recharge.

Work by Farmers

Farmers could do the work required for shallow wells and construction

of recharge methcds and systems with little supervision after sites and
approaches are selected. The interest of farmers in the use of ground water
has been attested fo, work suggested herein provides more assurance of
success in using ground water,

Ground water is usually a supplementary supply to surface water in conjunc-
tive use, although in the highly productive San Joaquin Valley of California
about 60 % of the irrigation water comcs from wells (more and more artificial
recharge is practiced there). There -e many locations in the United States
where ground water is the main supply of water for irrigation.

Management

It is necessary that farmers maintain wells and equipment and recharge
facilities. Extension service agents and extension workers could provide
necessary information. Management is necessary to maintain ground water
at "safe elevations" through proper use and recharge. This will minimize
the negative effects of years of low surface runoff and droughts (includes
training of farmers, technicians, and extension workers).

-13 -
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A RECOMMENDATION

At one time the writer was Research Leader of an Agriculture Research
Service project, U.S. Department of Agriculture, concerned with research
both thecretical and applied, in determining the effect of the physical,
chemical and biological characteristics of water and soil on water move-
meat in soil and substrata, particularly as related to artificial recharge,
but also applicable to irrigation and drainage. Three men formed a
starting nucleus, a hydrologist (surface and ground water); a soil scientist
(physics and chemistry) and a soil microbiologist (microbiology and soil).
In time a few other scientists were added. Cooperators were the Califor-
nia State Department of Water Resources and the University of California
at Davis,

Such a starting nucleus (possibly adding an irrigationist) of Afghans to

study water and soil resources, and relationships mentioned above is recom-
mended for Afghanistan. It could be a cooperative effort of some of the
Ministries. This will produce information on natural resources and irri-
gation invaluable to increasing agricultural production in Afghanistan. At
the start, such an effort could be aided by trained scientists in these

fields fromn another country.
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IRRIGATED SUB-SECTOR ASSESSMENT

Annex 1

Use of Ground Water and Recharge
to Increase Agricultural Production

APPENDIX 1
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Figure 4, Appendix 1

The velocity of flow through the sutface of the pit is
V = Qlu (2)

where a is the arca of the pit through which ilie mcasured rate of flow, Q, is moving. Using
the initial rate of 2 acre fect per day, the average velocity

V = Q/a = 2;.0344 = 58 fect per day.

r 54’ -
£EAST ' " b PO ' wes7
) : . LB !
SO/t \ ' " 'y /
SURFACER/w /' / "\ o108l | —==r—
SLOWLY RVIOUS, Y LR K

s’ ' '
SURFACA LAYER. f/—b : 4
TANR LA ER 8 234 ihp, 16 (Averoge A From prezo-

meters yus) obove p)

RN

\ K\zzﬁ,@f’f;&?@;@@ NIRNNN
A .

] . Fig. 7
Schematic diagram of Pit showing dimensions along East-West axis and datum points.

From Figure 7 the valuc of K for the sand becomes

P \_'_".'._. » 28_‘_2_’_. = 64 fl. per day 3)
; (hy —hy)  110.8 —9.0)

wheirc hy o5 the barght of water :n feet in the piczometer which bottoms just above the sand
hy 13 the height of waler in feet in the piczometer which boitoms below the top of the sund
and L s the length of the sand coiumn betacen the bottoms of piezometers &, and A, The
datum is the bottom of the picrometer mesuning Ay 39 shown n Figure 7.

Within & short penod of tme. »atcr had spread out latcratly in the sand laver beneath
the pit over the less-peryvicus so:t layer underiying the sand. When equibihrium forg the system
was 1pfrosched, thas latceat spread of water covered an arca (o) equai to 1.3 acres. The
average sclouty of low, v, through the iess-porvious layor, p, below the sand of area
a, = 1.8 acres was

V, = Qia, = X18 « 111 feet per day @
From the Durcy law, K, the permeadihiy of p can be approumated by cquation (1) s
{ollows

Vp = Kylh, = vph0p 18
where &, 1+ the averzge provsure head on £, 3% determined by prezometers within and outside

the pit, 3nd » 08 the average length of the watardted columa wathin p, &3 approuimated from
work of SCHIFF (14431 Substituting the value of ¥V, from (41 10 equation (5)

(76 Trayag T 07 foet per 4y
Thiy K ratue s conmustent with that prosioesdy thown for uatreated soil.
The decline in tnRitration rate for the pit between the fint and second rueas, marked
1 and 2 on Figure S{A), mav Rave deen caused by the disruption o7 filtered materiai within
the pea gravel and on top of the 1and. The change in pressure due (0 variations 1o head may
have caused sthifiing of fRitcred matenal and more severe clogging of the sand sunwe. It

{m

?

-17 -

i



ANNEX la

JHE POTENTIAL IMPACY OF "TECHNICAL PACKAGES™ IN GROUND WATER
EXPLORATION AND INVENTORY, DEVELOPMENT, AND RECHARGE;/

BY

‘ Leonaxd Schiff, P.E.
Consulting Hydrologist and Agric. Engr.

Before discussing ground water technical packages it will be
helpful to counsider what is happening in Afghanistan. Some
statements made by Afghans follow and are revealing: "there
is insuffcient water (yet runoff is wasted to deserts and -
swamps), ircrease the supply of water by using more ground
water (particularly shallow wells), increase yield of exist-
ing karezes and use their waste flows, improve distribution
and management of watex" Quotes from a few Afghans from Min-
istries follow: Mr, Said, Ag Bank, "a number of farmers.want
to return their pumps (to Ag Bank) because their wells have
gone dry"; Mr. Asifi, President of the Ag. Bank indicated at
a meeting that more wells are needed but should be based on

a sound development program (it seemed he stresses shallow
wells, although did not rule out deep wells, largely to help
the rural poor); Mr. Azimi, President of Planning,,Dept. of
Water and Power mentions in a report "the importance of time-
ly ground water development, pocints to ground water as often
being the most reliable source of irrigation water, aquifers
as reservoirs to improve agricultural production and cost
savings when compared tc surface reservoirs, ground water
supplies must not be neglected he states, and recommends arti-

ficial recharge"; (Artificial recharge is not yet practiced in
Afghanistans.

The M.1.S. concluded that a potential for grcund water devel-
opment-exists and that farmers are interested, (but want more
assurance of success). Dr. Raouf, President Water and Power
Engineering Co. along with two members of his staff stated

that they are developing plans for three areas and are concern-
ed about the possible decline in ground water tables as pumps
go in.

Potential Impact of "Technical Packages® in Ground Water--with
the foregoeing in mind the techniczl packages involving ground
water may be divided into three parts, namely: (1) Exploration
and Inventory; (2) Development; and (3) Artificial Recharge.
A description of items (1), (2), and (3) follows: (1) Explor-
tion _and_ jinventory: Eround water levels are declining in a
number of farming areas as attested to by the statements given
abovz and the call for artificial recharge. It is pow impera-
tive to determine the physical and ci.umical characteristics of
existing grounu wat:r basins that are being used, on a priority
basis, stressing areas with a large number of farmers and rural

1/ Aceompanies "Irrigated Sub-sector Assessment” Annex 1 enti-
tled "lise of Ground Water and Recharge to Increase Agricult-
ural Production by Leonaxd Schiff, Kabul, Afghanistan Decem-
ber, 1978
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poor (80-85 % of the people make their livelihood off the land).
To sugment information that now exists on logs, profiles and well
tests, portabls, smsll-bors, tast, drill rigs should be used in
strategic locations. From this information stratigraphic char--
acterisics may be plotted (texturs of sub-strata, particularly
aquifer material, its depth and extent), depth and extent of
ground water, quality of ground water noted, pressnt use rela-~
ted to the amount that can be extracted "safely®™, and the effect

of ground water recharge estimated (using surface runoff during
periods of sxcesas).

Technical Assistance:s test hole sites should be selected by a
ground water hydrologist based on existing data and inspection

of selected farming areas. Technically-trained Afghans should
accompany thehydrologist as part of a training course; commodit-
ies needed are containers to colleet soil and water samples at
eignificant changes in substrata, a small kit for testing water
quality, such as salinity and alkalinity, and some sieves. Equip-
ment includes small-bore, test, drill rigs. A rig with tow car
costs about $12,000 (a th“ree-man crew is needed for each rig, how-
ever.one rig can cover a® appreciable area in a relatively short
time),financing could come from credit and/or reimbursement.

The potential impact would be far reaching: proper locaticn of
wells, types and optmum depths and spacing of wells, Approxima-
ticns could be made of yields to be expected, effect on water table
estimated and amounts of recharge needed.

(2) Development: At present there are numerous wells, karezes, and
springs being used in Afghanistan that have additional potential
for development of ground water. The writer also recommends con-
sideration of Infiltration Galleries and ditch interceptors, and
has stressed the need for artificial recharge. The potential im-
pact mentioned above applies here. Also karezes wgste a great
deal of water particularly during non-irrigation periods, this wa-
ter could be used for recnarge in many areas as a supply for shal-
low well(s). Springs may be developed to yielid more water where
conditions warrant. A fieid trip revealed good possibilities for
considering Infiltration Gaileries or .interceptor ditches. A ground
water hydrologist wsing a soil auger could determifne potential af-
ter establihing the gradient (slope of water table) and hydraulic
conductivity (ability of soil to transmit water). Consideration
could be given to putting an interceptor ac::a.ssfl:he head of a kar-
ez (at the bottom of the Mother Well) to increase flow for addi-
tional farming if it is found desirable and feasible in a given
location. This would be based on existing data and on minor tests.
Technically one or twe Afghan technicians could wark with the hy-
drolagist for training. Equipment would be small, portable, and
inexpensive. Financing, although relatively little would be re-
quired, could be by credit of reimbursement.

(3) Artificial recharge is a must in the writer's opinion, as pre-
sent natural seepage or unintentianal over-irrigation are not ar-
resting the decline of ground water tables in many areas (or the
decline that will occur as more wells go in). Artificial recharge
simply means putting excess runoff water underground, now much of
it wastes to deserts, swamps or less desirable places. Recharge
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is sccomplised by surface methoda (such as grassed baains, formed
by simply building ridges around land surfaces) and by injection
methods (pits, gravel backfilled shafts with sand filters, ditches)
op combinztiona of surface and injection methods. Another approach
i® ever-irrigation of a crop like alfalfa grown on basins (with eor
without a pit or some injection method, based on characteristics

of ths aite). Thia provides a two-fold benefit--recharge and a
cash return or food for livestock. Equipment used include: (a)
equipment or results under (1) above , exploratory and inventory
and a few manometer-equipped infiltrometers and a small moistuxze
measuring device (all simple, quickly used equipment of low cost), -
and possibly, to save laboratory work, a small portable oven. (b)
The equipment and approaches could readily be used by technicians
who would accompany the ground water hydrologist at the start.

Here again sites should be selected by a ground water hydrulogist
at least at the start of such a program. (c) The small amount of
financing that would be required could be by credit ur reimburse-
ment. The writer considers the use of ground water and recharge

a must for Afghanistan to increase agricultural production in the
short and long term. Details of much of the foregoing is discuss-
ed in Annex 1, attached to the overall section on Irrigated Sub-
Sector Assessment.

Dec. 5, 1978
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INTRODUCTION

As a result of technical meetings, review of available
data and field trips, this Annex, "the Role of Soils

in Land Development to Increase Agricultural Production"
was prepared.

Afghanistan depends mainly upon agriculture for its econ-
ony. While there is more than one Ministry to deal with
water, soils has been left as an "orphan" with very low
voice within both the Ministry of Agriculture and the
Ministry of Water and Power. Consequently, little atten~-
tion has been given to soils since FAO has completed the
land survey in 1963. Since then soil activities have been
confined to a very few localized surveys for project devel-
opment. The lack of recognition and the understanding of
the fertility aspects of the soil in Afghanistan has re-
sulted in the deterioration of the productivity of the land,
spread of salinity and alkalinity, and decrease in fertility
due to poor management in all aspects.

Therefore this annex focuses on the role of soils in land
development to increase production in Afghanistan, and
mentionsat least these main areas in tle methodology of
this presentation:

® The general description of the soils in Afghani-
stan - so that their potential in natural re-
sources can be recognized, and their relative
quantitative effect can be 2valuated in project
development.

[ The second main area deals with the management
and the fertility aspects of soil to increase
agricultural production. The decrease of fer-
tility levels and increase of salinity and alka-
linity and fertilization are among the subjects
treated in this contextdi

® The third area deals with the role of soils with-
in the farm infrastructure, and farm practices.
Soil-plant-water relationships are also covered.

© The fourth area described is the soil laboratories
which are the only tools left to look into that
subject. They point out production capabilities
of the soil, diagnose the defects and prescribe
the remedial measures. Establishment of a
salinity laboratcry is considered vital.



Finally, the report suggests certain corrective
measures related to each of the above areas

and suggests projects or programs to remedy the
situations as solution interventions. Research
training and extension are also included.




II.

SOILS

A. General Physiographic Features

The streams of the country run in long or short narrow or
wide valleys separated by hills and ranges. These valley
soils are of alluvial, colluvial or mixture origin and
are calcareous and non-calcareous. The texture varies
from coarse, medium and loamy and have varying depth, a
few have heavy texture. In most of the cases the internal
and external drainage is gocod. 1In general, there is a
distinction of three terraces, i.e., terraces, foothill
areas and plains. This type of formation leads to diff-
erent soils. Consequently their management should also
differ. Soil properties are different and their suita-
bility for different types of development is likewise
different. Many soils show distinct degrees of salinity
especially those in the low lying areas.

In all areas, there is a variable portion of the valley
land that would benefit by additional irrigation should

the water be available. There are also a great many
irrigable soils that are badly managed or have deterior-
ated and in which high water tables and patches of

salinity are widespread. It was observed that if soils
upstream are added to the irrigated land, the lower reaches
of other valleys might turn saline or if they are now in-
tensely cultivated they may deteriorate unless proper
management and drainage are considered.

In some cases a gravelly layer can be seen in areas right
on the foot-hills whereas in other cases gravel forms the
valley bottoms. Soils with these characteristics are not
suitable for irrigation. Possible alternate use as
pastures should be considered. There are also areas which
show certain limitations which if corrected would put the
soils in a higher class of productivity or make them suit-
able for irrigation.

In other instances where the elevation is high and coupled
with fairly logical gradient, the valley is physically
divided into 2 or 3 soil varieties. The upper land is
cultivable for intensive agriculture, and the middle land
is probably cultivable also; however, the lower portions
will be at the mercy of the intensity of the flow. Con-
sequently the cultivation and production patterns are varied

among the three soil identities, and each one also varies with

respect to time.




One encounters soils that are saline to a preventative
degree to cultivation, and others in which salinity is
somewhat tolerable and yet others in which only patches
near settlements could be cultivated.

Some valleys are characterized by very recent immature
soils and in order to irrigate these soils, especially
in narrow portions, infiltration galleries (karez) and
wells are used. Erosion has decreased the irrigability
of these soils. Their suitability for cultivation is
thus limited to low water requirement and salt tolerant
crops.

Some saline soils being a part of a tectonic basin have
internal frainage. These can be added to agricultural
development if an underground water scheme can be launched
to irrigate them and reduce their salinity.

Some fans like the Farah River alluvial merge into the
saline and gravelly desert north of the Helmand Depression.
There are indications that cultivation formerly extended
over large areas that are now saline. Better water manage-
ment and soil reclamation practices are needed to increase
the cultivablie area.

Some basins can be cultivated with more profitable crops,
but are used only for pasture at present, while others can
be more profitable if only restricted to pastures.

In some large valleys, cultivation is found to be confined to
its terraces as the surrounding slopes are composed of

stony material or outwash fans. Deep valley soils derived
from alluvium, colluvium and loess can be very well cul-
tivated. Sometimes the quality of water is the limiting
factor unless the soils have good internal drainage. 1In
these cases, if an intensive program of cultivation is
adopted, improved drainage and land managemen: programs

must be followed.

B. Land Classification

Certain wadies or valleys were surveyed in Afghanistan by

an FAO reconnaissance team in 1963. The so0il classifications
were based on relevant soil characteristics.including

the morphological features cf the soil profile, the

thickness and teXture, the nature of the underlying
materials, rate of vercolation and water holding capacity,
degree of salinity, erosion, slope and susceptibility to
floods.

The following soil classes cf the surveyed areas are as
given in Tables A2-1 and A2-2:




I. Very suitable for irrigation

II. Moderately suitable for irrigation

III. Marginally irrigable land

IV. Non-arable, not suitable for irrigation
except under special conditions, for
irrigated pasture

V. Non-arable, undermined suitability for
irrigation

VI. Non-irrigable land.

The above six classes are subdivided to include these
subclasses as limitations:

- Limitation due to salinity

- Limitations due to texture, depth, permeability
and/or inherent fertility

- Topographic limitations such as steepness or
irregular slope and erosion

- Wetness, drainage or flooding problems and a
high groundwater table.

C. Inventory and Classifying Soils

In agriculture, water and soils par .icipate in plant growth
and crop production. Water can be identified and measured
or approximated in Afghanistan, while soils are not well
described and identified as a natural resource. -Soils as

a medium for plant growth are the limiting factor for water
usage and crop production. '

The quantitative and qualitative chemical and physical
properties of the soil determine its productive potential.
The determination of these properties is reguired to
program nutrient requirements for different plants, orchards
and trees with plant feediny material. The lack of these
nutrients will cause plant deficiencies, however they can

be replenished by fertilizers. The physical properties

of the soil play a determined role in water regimes in

land use.

The evaluation of the relief, topography, stratification, .
texture and structure is essential for land and soil utiliz-
ation before investment in development can be made. They
may be limiting or prohibiting factors in the development
of the land when it is put under cultivation.

There is a difference between land use and suitability of
the land. The land can be used for a given crop, but may
probably suit the production of better cash crops, fruit

trees or orchards. This has never been determined in the
country.



Properties of the land are needed for hydrology groundwater
study - roads, construction, cities, farming, factories.

The magnitude and extent of its properties decide its future
usage. Soil surveys are meant to identify soils of same
properties together. Surveys have different degrees to
identify soils of same properties together. Surveys have
different degrees of refining and detailing. They are
reconnaissance as those made by the FAO in 1963, semi-
detailed for project identification and feasibility studies,
or detailed for project execution. Specific surveys are tailor
to specific objectives such as reclamation surveys, and :
suitability to specific crop surveys, etc. Table A2-2
illustrates the basic triangle used in soils classification.

After soil survey comes the capability classification -
criteria for soil capability classification is different
from location to location.. Following the capability
classification is the soil evaluation or value.

In Afghanistan only a broad reconnaissance soil survey
that is not adequate for judging soil potential is made
for certain localities or wadies. It is too general for
definite conclusions or agricultural development. As a
result, the inventory of the main and only critical com-
ponent in the national wealth of the country has not been
determined. Consequently, any planning is not judged
properly. The fact that some ocassional localized surveys
are made with certain depth does not substitute the need
for at least the capability soil survey, nor does it
quantify the wealth of the soil as a natural resource.and
as a limiting component in agricultural production in
Afghanistan. If time does not allow the execution of a
detailed survey, the least that needs to bc done under

the circumstances is a short term soil capability
classification to determine with a considerable
degree, the most suitable land for agricultural projects
and to insure our suecess in. agricultural development.
This quick capability survey can be carried out in less
than a year. It is m2ant to evaluate the main parameters
of potential among the different soil bodies.

D. Some Soil Physical Prqpe;;igs gng'their Determination

The following are three main points related to soil water
properties:

1. Infiltration rates for the main soils in Afghanistan
lie within these categories:

a. Loamy textured, light medium soils, reflect
good permeability, easily and rapidly absorb
the water applied on the surface during irri-
gation period. They conserve water if there.
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is an adeéuate supply for the normal
growth of the crop.

b. Heavy textured -~oils which are low in
organic matter ii the upper horizon,
have low permeabi.ity. In contrast,
light sandy loams cr sandy soils will
let the moisture move quickly through
the soil mass below the root zone into
lower horizons. This is one of the
main physical points to consider. Ex-
amples of this are the soils of the
northern parts of Chazni and Jilga
Valleys.

The infiltration rate for 5 hours was measured at
.37-.38 mm/minute, then falls to .29 and remains
steady. Loamy non-saline soils in this region have
more ordanic matter than many other parts of the
country. This can indicate the suitability of these
lands for development. Some higher filtration rates
can reach .45 mm/minute.

Infiltration rate for salty soils differs from the
non-salty soils for the given class texture they
belong to.

Field capacity of the mainisoils are also expected
to vary within the country. The heavy textured
loams with low organic matter content and non-saline
soils will show low field capacity.

The field capacity for loamy soils in Afghanistan is

in the range of 21-23% (on dry weight basis). Light
textured and non-saline soils have lower field capacity
ranging from 16-18%, while salty soils and fine tex-
tures show it generally high. Loamy soils are character-
ized by higher field capacities 22-32% (due to salt
hygros capacity of NaSo4,MgCl2, CaCo2, etc.).

Volume weight: Ngrmal soils show volume Weight to be
1.34 - 1.35 gm/cm~. This degree of compactness allows
for air and water permeability as well as for a microbial
process. If the volume weight values increase with
depth the soil will have an unfavorable effect, say

if it goes to 1.40. This results in a reduction of pore
space, and consequently does not allow the moisture

to move properly through the soil mass. This can

result from repeated plowing to the same depth and from
irrigation.

Volume weight in the soils of Afghanistan can vary from
1.25 - 1.6 or sometimes 1.7 gm/cm3. This high compac-
tion reflects clay content in the soils and a high
mineral content. Volvme wéight is lower in the salty
horizon than in the .est of the profile.




Volume weight in the soils of Afghanistan can vary from
1.25 - 1.6 or sometimes 1.7 gm.cm3. This high compac-
tion reflects clay content in the soils and a high
mineral content. Volume weight is lower in the salty
horizon than in the rest of the profile.

Water storage capacity cu m/hec.:

0-50 cm. depth 0-100cm. depth

Farah Rud (1428~1628) 2868-3168
Hari Rud 1485~1702 2939~-3537

Determination

Q.

Soil permeability determination to be performed in
sites maintaining a constant head of water within
two cylinders concentrically nlaced on the surface
of the soil.

Field capacity should be determined on a flat plot

of s0il 2m x 2m, apply water at the rate of 2009

cu m per hectare. The plot surface is protected

from evaporation - within 2 to 4 days depending

on the soil texture, soil samples are taken for
moisture determination for successive layers 20 cm.
each to a depth of 1 to 1.5 m made by standard methods

Volume weight preferred to be determined on un-
disturbed soil sample by using a small metal
cylinder of 100 cm3 capacitv.



III. SOIL PRODUCTIVITY CAPACITY

A. Quality of Soil and Water

In most of the iands in Afghanistan the quality of
either the scil or the water or sometimes hoth, is

not good enough to produce an optimum yvield without

the adoption of reclamation measures or special
management practices. Salinity and alkalinity are

among these unfavorable land characteristics responsible
for this requirement. In addition the deterioration

of agricuitural production on previously productive
lands is mainly attributed to the development of
salinity and alkalinity.

The lack of awareness of the problems of sali affected
soils ‘there conditions permit their formation and of nec-
essary" rec.ametion measures is one of the main factors
for the failure of irrigations projects; however, early
prediction of these hazards helps the timely setting

up of land p.utection programs.

Successful programs must be based on Laowledge cf the
factors involved in the formation and development of
salt affected soils and on the adoption of a good
methodology.

These factors are natural and man-maae.. They are
dependent on man to improve or worsen the situation
in the land. They are functionally interrelated and
thus should be treated in an integrated approach.
These are;

Land Levelling

Land levelling is important for efficient water dis-
tribution by surface mcthods. Improper land levelling
can create a micro relief; variation in depth and
uomogeneity of soil profile, and pulverization of the
fine sandy material and changes in the soil structure.

Changes of the micro rzlief in the order of less than
one foot oF soil (30 cm.) will result in an increase
of salt content in the raised spots and better leaching
in the dips. The spotted salinity patches in poorly
levelled soils are a result of that. Witk ._, eated
land shaping before cropping and as the development

of the land proceeds, tne micro relief variation dis-
appears. The changes in depth and homogeneity of the
soil profile as a result of land levelling depend on
topography, original soil depth, and nature of strati-
fication and size of earth moving. Where shallow pro-
files or relatively less permeable layers are exposa
close to the surface, the chances for development
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of salt arffected soils become mvch greater than in
the case of deep and homogenous soils. Variations
in soil depth are not easy to correct. Therefore
improper land levelling operations associated with
shallow profile formaticn should be given more con-
sideration in scil management. Calcareous soils and
fine textured profiles (high in silt content) are
affected by land levelling. Pulverization of the
soil material, breaking of aggregates and compaction
alter the pore size distribution and decrease soil
permeability. Such alterations would slow down:
water movement, reduce leaching of salts, encourage
water logging, and consequently buildup salinity.
Costly ameliorative measures have to be taken to
correct these undesirable effects if improvement

of aggregation and perweabilit cannot be achieved
by rormal crorping oparation practices.

Tillage

This operation is carried out for numerous reasons in-
cluding seed bed preparation and improvement of soil
permeability. Tillage can increase salinity through
its relationship .- :h vertical distribution of salts,
depth of tillage and soil stratification, soil moisture
at time of plowing, tillage machinery and implements
and timing of tillage.

Planting

Planting techniques and positions vary with type of
crop and can be modified to overcome unfavorable con-
ditions for germination and seedling growth. It might
be most useful for Afghanistan to follow or test these
following practices which indicate a decreasing order
of harmful effects of salinity on plant stands:

. Plant on top of a single row bed

. Plant near edges of a double row bed

. Plant on side of a sloping bed

. Plant in irrigation furrows

. Broadcasting or drilling of seeds on
flat fields followed by heavy irrigation

Soils of high alkalinity and salinity are characterized
by low permeability and susceptibility to water logging.
Row crops should be planted on high beds to reduce the
harmful effect of water logging. The amount of seeds
required for planting a given crop in a salt affected
soil is hiudher than on a normal one. Also, a decrease
in the percentage of =merging seedlings and a delay

in emergence are to be expected.
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Observations of the above relations would be helpful
in the iden.ification of the advancement of salinity
and alkalinity problems. It would be valuable to
keep records of the amount of seeds, percentage of
emerging seedlings and time of emergence.

Mulching

This practice helps to reduce water lost through
evaporation by disrupting capillary continuity on
the soil surface. Generally, the effectiveness
of mulching depends on the depth to water table,
pore size distribution, climatic conditions and
Crop cover.

Fallowing

Under conditiorns where water is a limiting factor for
crop production the land may be left fallow for

some time; which is done to increase the soil water
reservoir to benefit subsequent crops (as in dry
farming), or until an adequate water supply is
available (in irrigated farming). Measures should

be taken during fallowing to reduce evaporation and
consequently, salinization.

The effectiveness of fallowing depends on other factors
including the depth of the water table, quality of
groundwater, soil properties, climatic conditions, and
length and frequency of fallowing. Evaporation from a
dry surface of fine sandy loam, like many soils in
Afghanistan, wouvld proceed at a rate of about 8.3, if the
water table is kept at 90 cm. and 1 mm/day when at

18C cm. This indicates the importance of the water

table depth factor and the danger of fallowing where

a shallow water table exists.

Fallowing should be considered for reducing water loss -
by evaporation, reducing salinity, as well as increasing
salinity. In the latter case the depth and quality of
ground water are the most important parameters.

Application of Manures, Fertilizers, and Amendments

Manure and fertilizer ‘are added to soil to increase its
productive capacity. Amendments are applied to correct
the harmful effect of the physical and chemical propertiess
of the soil.

Manuring improves the physical condition of the soil
and enhances leaching of salts and drainage of wet
soils. It also has a high nutritional value. 1In
certain soils green manuring is very much recommended.
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Fertilization is an important factor in crop productinn.
The chemical compostion of fertilizers, solubility,

rate ¢f release and the methods of placement., esnecially
in the early stages of plant growth are factors to be
well understood in this connection, especially with
regard to increase of salinity.

Crop Ro*tations

Factors governing crop rotation are mainly the
availability and adequacy of soil and water resources,
suitability of the crop to the prevailing climatic
conditions and assurance of an economic return. In

a reclamation rotation, the suitability of the crop to
the soil and water qualities are very important. Under
conditions that encourage salinization, crops should be
selected on the basis of their salt tolerance and their
effect on the salt balance in the soil. For alkali soils,
these shculd be selected on their tolerance to the sodium
ion and to the adverse physical conditions. Plants differ
also in their water needs in quantity and frequency.
Therefore, it is to be expected that salinity of the soil
will be affected differently under different crop
rotation and vice versa. For exauple, the saiinity

will be higher after a rotation of cotton - cotton,

than after berseem-cotton-beans, or cotton-berseem-rice.
Crops with 2 long duration of evapotranspiration will
cause, in the absence of proper. leaching practices, ac-
cumulation of salts in the root zone, while crcps

such as berseem, rice and others requiring frequent
irrigation reduce szalinity effectively, especially where
there is adequate drainage.

Therefore, the knowledge.'of the salt balance under various
crop rotations is very important in order to curb the
increase in salinity or alkalinity. Continuous monitoring
of salinity and alkalinity after each crop or at least

a rotation not only creates awareness of a potential
problem but also helps to re-evaluate the management
practices associated with the cropping system. Crop
performance and yield are good indices of the improvement
or deterioration of the production inputs including soil
conditions.
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IV. SALIUIE AND ALKALINE SOILS

These sequential guidelines are bases for diagnosis
and remedial measures in salt affected soils in
Afghanistan.

A. 9rigin and nature of saline and alkaline soils

1. Sources of soluable salts

2. Salinization of scoils

3. Alkalinization (accumulation of ex-
changeable sodium in soils)

4. Characteristics of saline and alkaline
soils; saline soils; saline alkaline soils.

B. Determination of the properties of saline and
alkaline soils.

l. Sampling

2. Estimation of soluable salts by electrical
conductivity

3. Chemical determinations; ph, soluable cations
and anions; soluble boron; exchangeable cations,
gypsum, alkaline-earth carbonates

4. Physical determinations: infiltration rate;
permeability and hydraulic conductivity; den-
sity and porosity.

5. Chonice of determinations and interpretation of
data; equilibrium between soluble and exchange-
able cations; factors that modify the effect of
exchangeable sodium on soils.

C. Soil management in relation to salinity and Alkalinity

1. 1Irrigation and leaching in relation to salinity
control: irrigation; leaching requirement; leachin
methods; leaching in the field and trials;
special practices for irrigation tc prevent in-
crease of salinity.

2. Drainage of irrigated lands in relatiocn to salinity
control: Drainage requirements; water-transrission
properties of soils; boundary conditions; lay-
out and placement of drains; techniques needed
for drainage investigations such as measurements
of hydraulic head, determination of subsoil
stratigraphy, determination of water-trans-
mitting properties of soils.

3. Chemical amendments:: for replacement of ex-
changeable sodium: Solubility of various
arendments under different soil conditions;
soils containing alkaline-earth carbonates;
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soils containing no alkaline earth carbonates
with ph 7.5 or higher and with ph lower than
7.5. FEstimation of amounts of various amend-
ments needed for exchangeable sodium replace-
ment; speed of reaction of amendments and eco-
nomic considerations; apvlication of amendments.

4. Laboratory and greenhouse tests as aid to
diagnosis.

5. Reclamation test in the field.

6. IDENTIFICATION OF RECLAMATION PROJECTS IN
AFGHANISTAN

Plant response and crop selection for saline and
alkaline soils in Afghanistan

1. Significance of indicator plants for saline
soils

2. Crop response on saline soils; salinity and water
availability; specific ion effects esp. Na, Cl,
Bo, bi-carbonates.

3. Crop selection for saline soils: germination;
relative salt tclerance of crop plants; relative
boron tolerance of crop plants.

Quality of Irrigation Water

1. Characteristics that determine quality: electrical
conductivity; sodium absorption ratio; boron;
bicarbonate.

2. Typical waters

3. Classification of irrigation waters; salinity; al-
kalinity; diagrars for classifying irrigation waters
on conductivity and sodium; effect of boron cor.-
centration on quality; effect of bicarbonate ion
concentration on quality.

4. Additional water for leaching: It is the extra
amount of water that must be applied and percolate
through the active root zone to prevent excessive
accumulation of salts. It is calculated through
the equation: _ ECw

LR = ECaw ¥ 100

where ECw is the electrical conductivity of irriga-

tion water and ECdw is the electrical conductivity

of drainage water. LR is the leaching requirements.
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WATER QUALITY

A.

Introduction

Apart from the quantity of water and its effect upon the
agricultural development in Afghanistan, the quality of
water plays a very decisive role. Water quality has

an effect upon soils and crops, and on the management
that may be necessary tc control or compensate for the
water quality related problems.

In Afghanistan, downstream water from the different
rivers, or =:hat which is pumped out of wells from under
the ground is never pure and always contains measurable
quantities o° soluble salts. In some cases these ex-
cessive salts uave proven harmful.

Soils and crops are affected in different ways by the
different kinds of salts in the water. A periodic water
analysis is needed to determine what types of salts are
present. Then these must be evaluated in terms of their
expected impact upon the soils and crops.

Water analysis should include Measurements of total
soluble salts by means of electrical conductivity, sodium,
calcium and magnesium, chloride, sulphate, carbonate and
bicarbonates, and other specific constituents such as
boron, nitrates, iron and ammonia.

Evaluation of Water Quality

The interpretation of the water analysis can be made
to cover these problem areas.

1. Total Salinity: This is caused by the total soluble
salts and is measured by electrical conductivity.
Total salts have a direct effect upon crops.

2. Permeability effect: This is measured by comparing
the relative quantity of the sodium present in
the water to the calcium and magnesium.
Poor permeability makes it more difficult to supply
crops with the water needecd for good cropping. It
also adds to the waterlogging, salinity, weed and
nutrition problems. It should be remembered that
carbonates and bicarbonates play a role in permea-
bility status.

3. Toxicity of Specific Ions: Boron, chloride and

sodium are the most common ions known to have
direct toxic effects on crop growth.
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4. Other Problems: These include the increase of
acidity or alkalinity of the water, and vigorous
arowth due to excessive nitrogen, etc.

C. Guideline for Quality Interpretation for Irrigation Water

In this guideline, three areas are recognized, no
problem, increasing problem and severe prcblem areas.

SALINITY
BC of irrigation water 0.75 0.75 - 3.0 3.0
PERMEABILITY
EC of irrigation water 0.5 0.5 0.2
adj SAR* 6.0 6.0 - 9.0 9.0
SPECIFIC ION TOXICITY
Fram Root Rbsorption
Sodium (adj SAR) 3.0 3.0 - 9.0 9.0
Chloride meq/I: 4.0 4.0 - 10.0 10.0
mg/L or ppm 142 142 - 355 355
Boron mg/L or ppm 0.5 0.5 - 2.0 2.0 - 10.0
MISCELIL2NBEOUS
NHg4 - N mg/L or pmm 5.0 5.0 - 30.0 30.0
NO3 - N for sensitive crops '
HCO3 meq/L 1.5 1.5 - 8.5 8.5
mg/L or ppm 30 %0 - 520 520
PH normal 6.5 - 8.4 -

Na
*adj SAR= Cr + Mg [ 1+ (8.4 . piC) ] analysis should be in meq/L
2
D. Salinity Problems

There are two types. The fi:st deals with the salinity
of the applied irrigation water and its rapid and direct
effect upon crops. The second concerns the salinity
that may develop in the root zone over a longer period
of time due to accumulation of salts, and its effect
wpon the crop.

The salinity accumulating in the root zone can be
controlled within limits by the application of extra
water described as the leaching requirement. However,
if the salinity of the applied water is excessive and
exceeds the tolerance of the crop, a full potential
vield is not to be expected.

High water tables complicate salinity problems. Extra
water is used for leaching the excessive salts and good
drainage is needed to assure that leaching is effective.
Changing a crop to another with a higher degree of toler=-
ance may sometimes prove necessary. :
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Crops Role in Controlling Salinity

Crops have different decrees of tolerance to salts in
both water and soils. One cf the management alternatives
to reduce salinity is to choose a tolerant crop. A

given degree of salinity in water may be detrimental to
sensitive crops while it may not be so for semi-sensitive,
or tolerant crops.

There are tables available which classify crops and their
degrees of tolerance to the soil salinity and water
salinity to which they can be exposed. Similar tables
are made for vegectablz, forage arnd fruit crops.

Tables R-~l, R-~2 and schematics S1 and S3 are relevant
in this connection.

Additional Water for Leaching

It is sometimes necessary to apply more water for leaching
in order to control salinity. The minimum amount of

this extra water that must percolate through the active
root zone to prevent excessive accumulation of salts is
known as the leaching requirement (LR). This fraction

of water is an extra addition to the water supplied

to meet the crop water requirements. Leaching requirement
can be calculated from the equation:

ECW x 100

ECaw
Where ECW is the specific salinity of irrigation water and
ECAW is the specific salinity of the drainage water at-.
the root zone.

Laboratory results of complete leaching of highly saline -
alkali soils is given in Table R3 as an example.

High water tables can cause a recurrence of salinity at
a given soil depth; therefore, deep ones are recommended.



V1. LAND DEVELOPMENT

A.

Scope and Sequence

The need for adequate and reliable information regarding
the soils and water resources of each potential irrigation -
project is an initial step in Land Development. This
requires preliminary soil, water, and drainage surveys
which accumulate the necessary information for long

range planning of valley development. Sufficient studies
in detail are required as a basis for *target estimates.

The basic survey needed usually covers:

1. Soil surveys, reconnaissance or detailed
2. Ground water surveys

3. Drainage studies

4. Hydrologic surveys

Note: Usually detailed surveys follow for the potential
projects developad which are from the primary investigation
and surveys. For example, detailed soil surveys and

soil investigations cf certain specific land blocks.

The purpose of Surveys and the Reports

These surveys, especially soils, water hydrology, and
drainage are presented in maps and tables based on com-
pilation of detailed observations, measurements, and
analyses of the land and its associated features;

furthermore, they are made and lnterpreted by the skilled
technician in the field for the primary purpose of
describing and evaluating the potential use and pro-
ductivity of a parcel of land and the problems inherent
with its development and use.

The conclusions of these broad parameters are to lead"
to the specific studies related to the development of
blocks of lands which are tc be developed following
their sequence of priority, as stages of cdevelopment.

This second stage covers:

1. The relative suitability for present or:-potential
irrigation of each scil and soil condition mapped
(Land classed as presently irrigable; irrigable when
put under cultivation or reclaimed; not suitable; or
not recommended for irrigation; and the potential low
capability classification).

2. The kinds of limitations and relative degrees of
1ntens1ty of problems to be overcome in developing and
using the land salts, alkali, wetness, levelling,.
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erodibility, flood hazard, soil behavior under
irrygation.

3. The best suited crops and sequences of crops for
each major group of soils and soil conditions.

4. The crop and soil water requirements (soil prop-
erties affectiny irrigation) lav out crop use affecting
delivery of moisture and nutrients requirements.

S. The relative economics of development and use
(estimated development costs, gross and net returns
and benefit/cost ratios).

Presentation and Reporting

Usually this information is presented in a summary
volume and other specific subject matter volumes and
appendices to cover the loge for pits, laboratory data,
etc. There might be specific and supplemental reports
to cover the use of the working data available to a
specific area. These supplemental reports also have
appendices to them to cover the specific legends, soil
profile and pit loge, deep or shallow, laboratory
analyses, infiltration or leaching trials (in case of
salinity) and previous preliminary or interim reports.
Map follows containing the soils and drainage surveys
and interpetaticn or classification maps for the use
in project development are included. Sometimes the
general and supplemental reports are only mzde for
distribution and the rest are kept for the use by the
specialized agency.

Land Development Classification Usually Covers the
following features as a minimum:

1. Physiography:
Climate
Native vegetation
Land use and agriculture
Topography and drainage

2. Water Resources:

Surface water sources and their quantities

The hydraulic micro systems and the micro
systems within each

Quality of waters used for irrigation from
the different sources (surface or under-
ground)

Any relevant data such as degree of efficient
use, losses, distribution, etc.

3. Soil Resources:




"20

Soil surveys - degrees, how they are
made, their use and interpretations
Main characteristics of the land, origin
and development of the soils, prlnc1pa1
physical and chemical characteristics.
Main factors affecting development.

E. Specific Features and/or treatments relevant to
development potential:

1. Land clearinag and levelling

2. Drainage

3. Reclamation treatments

4. Management of different soils (good,
soils needing special treatment, etc.)

5, Wind control

6. Erosion, its severity and controi.

7. Flood, its severity and contrel

F. Relative requirements for the development of Land:

l. Crops
2. Water
Requirements for different crops
Plant growth habits affecting water use
Crop rotations and practices to affect
water use
Water requirements of crops to be grown
in the area
3. Fertilizer requirements

G. Relative requirements affecting future development
of land:

1. Tillage and general farming practice

2. Water management, its present use and
remedial ‘measures and adaptation of
different soils

H. Potential Agricultural Development and project selection
criteria:

1. Estimates of past and present and expected
~prdduction

2. Summary of presently irrigated and potentially
irrigable lands.

3. Their costs of development ;

4. Cost/benefit ratioiand the potential of develop-"
ment, development stages, production
potential and crop values T

5. Overall development cost and production potentlals
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I. Summary and Recommnerdations

1. Over all
2. Specific stages and sub-projects

.
";)l !
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SOIL CAPABXLITY CLASSIFICATION

Thisc project is needad for the country since this basic
information dves not exist with respect ty land as a
resource jidentit:r. It will answer the relative value of
the land when either considere’ or put urder cultivation.
It will also clarify the suitability of the different

lands when put under cultivation. No meaningful surface
irrigacvion or underground exploration, hydraulogic
development without the understanding of the soils.aspects,
their capability and sultability, can be had.

Requirements:

Tocls, equipment, supplies, technical assistance, institu-’
tional development, landsats, laboratory glassware, equip-
ment and chemicals.

T present number of personnel is not adequate for an
ex anded program of soil survay.

Establishmert of a cartograp..ic unit and photo interpretation
ur.Lt.

Training abroad for short course in soil survey aspects
and photo interpretation and cartography. (Dry desertic
and mourtainouvs localities - institutions)




VIII. SOIL LABORATORIES AND REQUIRLMENTS

A.

Scil lLaboratories

Two soil laboratories were visiled. One belongs to

the Ministry of Agriculture and the other belongs to

the Ministry of Water and Power. They were once one
laboratory, established by FAO in 1960, but were later
split into two small ineffective ones. The portion that
went to the Minictry of Agriculturedeals with a few
analyses and is more oriented to fertility determination
and plaat food analys<s, while the other which is

left with the Ministry of Water and Power deals mainly
with such water analyses as soluble salts, etc. Both
labs need strengthening with respect to chemicals,
glassware and apparatices in order to make a complete
soil analysis, tests for water, fertility, nutrient
difficiences or plant feeding tests. The work is
paralyzed by the lack of a centrifuge, soil shakers,
suction filtering units, hydrometers, boron free glass-
ware, salinity meters, chemicals and indicatocrs. Kjeldahl
flasks for nitrogen determinations are finger counted.

The laboratory personnel have adequate capapilities for
their present activities, but future plans for com-
plete analyses and quality data would necessitate
training of the presentstaff and an adequate inter-
pretation of the data has not been done. Irrigation
procjects are therefore reliant on empirical consumptive
use data and not on infiltration rates, permeability of
subsurface, soil texture and soil response to irrigation.
Undergr-..nd water investigation and digging wells are
done without any soil analyses. The only laboratory
effective data is the partial analyses related to

the quality of water and it total salts.

Neither one of the laboratories is oriented toward

salinity or alkalinity problems and its interpretation.

The results of any analyses are listed as requested on

a common sheet without any interpretation. In th's respect
a new salinty laboratory is highly recommended. More

than half of the cultivated land has this problem and

no governmental division, laboratory, or perscnnel

deals rith that serious subject at present. A highly
qualified expert to assist, train and organize the
persounel would ke of great value.

Requirements

With respect to the laboratory of the Ministry of
Agriculture, ¢t least the following should be covered:
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1. The stress has to be oriented to physico-
chemical aspects of soil properties of Afghanistan
with minor localized surveys including the fertility
status of the soils.

2.. Projects related to soil water and 5011 fertility
in relation to crop production:

a. To study the effects of different sources
of phosphate fertilizers on through up-
take of phosphorous

b. The fixation and release of phosphate in the
different soils when apnlied from different
sources

c. The study of the residual effect of fertili-
zation, and the study of the effect of the
addition of organic matter on the rate of
phosphate release from the soils, and its
aveilability.

d. The study of water use patterns by crops nu-
trient uptake by crops, growth and yield of
crops, water and fertilizer uses by crops

e. The study of tillage in relation to crop
productivity and the effect of tillage on
water storage in soils.

3. Surveys and status of macro nutrients and certain
micro nutrients from specific soils and orchards, and
the amelioration of the micronutrient deficiency in
fruit crops.

4. Soil test crop responce correlation studies in-
cluding the correlation between different soil tests
with respect to N & P & K and the yield of the crop
and the recommendation of fertilizer rates bhased on
soil test values.

5. Exp=eriments to establish the most suited crops to
the different soils and regions of Afghanistan and the
most suitable crop rotation in relation to nutrient
requirements and irrigation.

6. A final soil productivity index for different 2zones
should be achieved.

The lab should establish guidelines and give recommendations
in soil/water and plant analyses and issue the required cer~
tificates. Reports on special forms for all requests should
be issued witbk the qualified interpretations and the sultable
recommendations.
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ANNEX 3

NATIONAL WATER RESOURCES COMMISSION

The Commission could comprise a Coordinating Board responsible
for water policy and water law; its Chairman would be the Minister of
Planning or his designated representative. The members of the Board
could be representatives of the Ministries of Agriculture and Water 2nd
Power; the Rural Developmént Department; and the Agricultural Bank.
A Directorate-General would be responsible for the implementation of
policy, and under him would be three Assistant Directorates, each headed
by an Assistant Director as follows:

. Investigations and Planning: This branch would be responsible

for the invemiory and classification of surface waters and ground-
waters; the investigation of surface waters through an upgraded
hydrometeorological network; and comparable investigations for
groundwater sources, including karezes amd springs, through
drilling and pumping exploration programs.

Attached to the Investigations and Planning branch would be
a National Hydrologic Institute, which would be an operational
organization responsible for hydrologic research, surveys, and

data collection, and for making such information readily available




to agencies concerned with water development and management.

Water Resources Development: This branch would be respon-

sible for investigating more efficient means of developing water

resources and preparing programs for implementation, such as

the artificial recharge of daveloped groundwater resources, en-

largement of water intercept areas such as infiltration galleries,
or the feasibility of runoff irrigation insofar as water resources
were concerned.

Conservation and Management: Attached to this branch would be

a National Water Resources Control Agency wkick would be res-
ponsible for overseeing the apportionment of all water in "de-
clared" groundwater basins, the allocation of surface water sup-
plies, the adjudication of water disputes, the licensing of well
drillers and the issuance of permits for well construction, and
other conservation and management functions as deemed desirable

by the Coordinating Board,
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ANNEX 4. DETAILS OF METHODOLOGY USED IN REPORT

INTRODUCTION

The methodoiogy used in this assessment of irrigated agriculture
in Afghanistan may be separated into the following five stages, which are
described in detail in subsequent paragraphs.

. Data-gathering

. System analysis

. Problem identification
. Problem-solving

. Identification of potential programs

1. Data-gathering

The team reviewed the literature, was briefed by USAID and DRA
officials and outside experts, and them made field trips to selected loca-
tions in Afghanistan to study different types of irrigation systems. The
objective was to learn as much as possible about the various facets and

complexities of all relevant details of irrigated agriculture in Afghanistan.

2. System analysis

The system was then separated into sub-systems and key variables.

The major concern (and the dependent variable for further study) was the



utilization of irrigation water. A supply system and a demand system,
for a representative on-farm irrigation system was then developed, each
consisting of a number of independent variables which affected the utili-
zation of irrigation water. Some eleven key variables (six for the sup-
ply system and five for the demand) were identified, each with numerous
sub-variables, These were plotted on the diagram shown on Table I-1.
Suhsequent analysis led to the determination of interrelationships between
two or more key variables and other sub-variables - or other key varia-
bles. These linkages were sketched in the form of a diagram of inter-
related ovals, whick is shown on Table A4.1.

The joint USAID-Experience, Incorporated Team then met with rep-
resentatives of irrigation-related DRA ministries to discuss current pro-
gress and findings; solicit suggestions and criticisms; and in genersl

obtain a consensus that the Study was proceeding correctly. _The DRA |

___pavtictpation was of assistance In assigining some priority to the key

variables, e.g., the conclusion that the major problem zffecting convey-

ance systems was segspage losses,

3. Problem Identification

The next step in the methodology was the refinement of problem
identification. Following a mumber of discussions, three discrete problem

areas were sbstracted from the aforementioned eleven variables, 2s



follows:
4. Resources (basically a failure to optimizo);
b. Conveyance systems; and

C. Utilization.

o ————t+ 5
" ——r o e it ——

4, Problem Solving

e
J

The fourth phase of the assessment was the development of possible
solutions that would be responsive to the problem areas identified during
the third stage. In subsequent group discussions a number of alternative
solutions were proposed to ameliorate or correct these problems. No
evaluation of the particular merits or feasibility of any partic.ula iution
was attempted at that time: the intent was to minimize any extended dis-
cussion which might have hindered the free flow of ideas. A smaller
sub-group then met to discuss the various solutions in more detail. At
this time, less-reasonable solutions were deleted, related ones were com-
bined, and certain others were elaborated upon and refined. The result
of this discussion was the Problem~Solution Matrix presented in Table A

4.2. This matrix constituted the agenda for the team's second gemeral
meeting with DRA officials; at this meeting the solutions developed by the
team were presented to the DRA for their comments and criticism. An
attempt was also made to assign priority and weight to the solutiors of-

fered. While this tactic did not prove too successful, given the varying




interests of the DRA officials present, the geueral agreement expressed
was that the majority of the solutions offered by the Team were respon-

sive to the identified problem areas.

5. Identification of potential programs ('‘packages')

In this last stage of the assessment each possible solution was
first evaluated against several feasibility criteria which reflected USAID
project soundness concerns (See Table A-4.3).

However, these criteria were found to be ineffective in fully screen-
ing some of these solutions, a situation which might be accounted for as
reflecting certain prior (albeit unintentional) screening to which the solu-
tions had been subjected in the process of formulaticq during the grnup
discussion sessions. Injeed, the majority of the solutions were not af-
fected by the feasibility criteria screening,

It was then decided to proceed to amn indexing exercise to identify
and label those s-lution elements which afiected

a. The farmer directly through his land; his irrigation supply:

his farming practices; and any othar activity relevant to on-
farm irrigated agriculture;

b. The common interests of the farming community;

e¢. The nationwide interests of the Government in supporting the



development of irrigated agriculture; and

d. The financial impiications with respect to foreseen needs for
technical assistance, training, commodities, equipment, and
program funding.

The indexing exercise culminated in ..e recombination of sélution
aprornatives into seven technical packages and one policy package. This
packaging was then discussed with DRA officials, during the course of
which their opinions were solicited and received concerning the nature
of the required inputs of technical assistance, commodities, equipment
and the types of funding, Their views on the Ministries and departments
who might be involved if any of these packages were to be implem nted,
were also obtained, Additionally, the following views were given by the
DRA officials:

1. As most of the packages would require more than one agency
for implementation, there should be closer coordination and linkage be-
tween them. This ean be effected through an inter-agency protocol.

2. Implementation of systems could ba allocated among interested
agencies in accordance with project size as follows:

= Large scale systems: Ministry of Water and Power
- Average or small systc ~8: Rural Development Dept.

— Individual structures: Farmer himself through credit



from the Agricultural Bank and by acquiring the teck-
nical skill from the Rural Deveclopment Departmuat,
Agricultural Bank is prepared to finance tecbnically sound
projects by receiving advice from the Rural Development Department - -
asud the Ministry of Water and Power.
As Afghanistan is a progressive country, foreign training would
be required for practically all of the packages. '

Demonstration projects would be very useful and should be given

important consideration in the relevant packages.






Table A-4.2

L J

IRRIGATION SUB-SECTOR ASSESSMENT: Alternative Solutions

Introduction.

Problems. Problems can be grouped under 3 headings: Problems
Tnvolving the Failure to Optimize Water Resources, Problams with
the Conveyance System, and Problems regarding the Utilization of
Irrigation Water on the Farmer's Field.

..~ Salutions. Solutions to these problems are outlined beluw. It should .
be emphasized that the solutions are but possible alternative
solutions. Before an actual project may be developed, each of

these alternative solutions will have to be subjected to technical,
economic, and social amalysis to determine their feasibility.

PROBLEM : _ POSSIBLE ALTERMATIVE SOLUTIONS

1. Resources

A. Lack of knowledge of 1. Inventory and classify soils, surface
quantity and quality of water, and ground water.
resources and how to 2. Beoin immediate ground water
effectively utilize them. exploration. -

3. Establish Water Resources Commission,
responsible for water policy, water- -
law, allocation, etc.

B. Underground water is an 1. Begin Underground Water development
unknown entity; what is program .
now being used is in 2. Undertake artificial recharge of--
danger of depletion; and deéveloped ground water resources.- -
the traditional systems 3. Undertake investigation for further - -
of exploitation need up- development of karez, particularly on:
grading. a. Storage of wastewater underground
b. Enlargement of water intercept
areas.

4. Undertake investigation for further |
development and utilization of springs.
5. Construct Infiltration Galleries.

C. Surface water Needs to be 1. Up-Grade Hydro-Meteorologicai Networks
monitored, conserved, and 2. Construct Surface Storage Reservoirs
augmented if possibie. a. on both perennial and non-perennial

streams '

b. off-stream




PROBLEM

1. Resources, cont'd.

POSSIBLE ALTERNATIVE SOLUTIONS

3. Undertake a Soil and Water Conservation
Program a.Impose control on Resource are
b. Vegetative Practices:
e. Mechanical Practices

4. Investigate possibiiities of implement-
ing a cloud-seeding program.

5. Utilize wells to augment surface supply
where feasible.
a. Battery of shallow wells
b. Deap wells

2. Conveyance Systems

A.

Current diversion structures
need to be improved and
other means of capturing
water need t2 be investi-
gated.

1. Up-Grade current diversion structures

a. Make indigenous structures semi-
permanent (gabions)

b. Make indigenous structures permanent

2. Utilize alternative 1ift methods (for
example, pumps & motors).

3. Relocate diversions

4. Impose controls on flow of water in
karez systems.

5. Store karez water at exit.

6. Utilize run-off irrigation.

7. Combine diversion structures.

Seepage within the con-
veyance sysem is the chief
cause of loss and ineffi-
ciency.

1. Line canals at selective points in the
conveyance system.

2. Over-design canals to off-set seepages.
3. View seepage as a re-charge to ground-
water, and dig wells to tap that '

groundwater.
4. Shorten lead canals
a. Design & consiruct more permanent
diversions.
b. Pump water from river directly into
canal.
5. Improve maintenance onirrigation system:
a. Aquatic control
b. Heed controi

c. Silt Removal



PROBLEM

2. Conveyance Systems, cont'd.

POSSIBLE ALTERNATIVE SOLUTIONS

C. Flood protection is 1. Construct Headgate control structures.
genei .11y inadequate, and 2. Install siphons (where {irrigation
this results in major canal goes under wash-crossings).
losses in the conveyance 3. Construct flumes (where Irrigation
system. canal goes over a wash-crossing).

4. Build "cut and cover" structures
where canal passes across a wash-
crossing or where it passes along the
sides of hills and c1ifs and is
subjected to rock or land slides.

5. Construct diversion channels, guide
levaes, or dikes.

6. Build sluiceways.

7. Butiress or support canal banks.

D. Physical structures for 1. Install division boxes.
controlling water-flow in 2. Construct checks.
the conveyance system are 3. Install turnouts.
lacking or in need of im- 4. Construct drop-structures.
provement. 5. Inda*1 metered gate structures.

6. Utilize concrete pipe and close the
system.

E. The social organization of 1. Establish a training program for Mirabs
water control and distribu- and their assistants (ghgghggghl)
tion needs improvement. 2. Institute inspection and supervision

of mirab/chakhbashi operations.

3. Estabiish standards for operation and
maintenance of irrigation systems.

4. Formulate water laws. -

3. Utilization.

A. Lack of Knowledge by farmer 1. Begin research on proper water appli-
& technician of efficient cation rates, based upon local soil/
watzr-use practices. water/plant relationships.

2. Develop and disseminate Irrigation
Guidelines.

3. Institute on-farm training courses in

water management and water-use
principles, utilizing:




PROBLEM A POSSIBLE ALTERNATIVE SOLUTIONS

3. Utilization, cont'd. a. Demonstration plots
b. Class instruction

4. Establish an in-service training
prcgram for sub-professionals,
technicians and especially extension

workers.
B. On-Farm Iﬁfrastructure 1. Improve on-farm distribution systems,
related to water-use effi- by wriiftzirig: .-
ciency is lacking or in a. Spiles, siphon tubes
need of improvement. b. Tile channels and drains

¢. Brick/concrete turnouts (pre-fab turnou

2. Undertake & program for leveling farmers'
fields.

3. Improve on-farm drainage

4. Dig on-farm wells to augment water
supply during droughts.

C. A soil improvement program 1. Undertake Land/Soil Improvement Program
related to water-use is a. Increase fertility levels
urgently needed. 1) fertilization
2) soil amendments

b. Reclamation of soil

¢c. Sub-soiling

D. Current farming practices 1. Improve Cropping System
are not conducive to effi- a. Crop rotation (including fal1ow1ng)
cient water-use. b. Inter-cropping

2. Introduce agricultural practices which
will result in greater water-use effi-
ciency.

a. Weeding
b. Proper seeding
c. Proper fertilizer application

d,‘ " Land preparation

E. Runoff Irrigation




\
. Table A-4.3

trrigation Sub-Sector Assessment: T
Phase [V: Evaluation of Alternative Technical Interventions. '

Introduction: The numerous alternative solutions derived from our
“brain-storming session and subsequently refined in meetings among

our=nlves and in conjunction with our DRA counterparts have now to be

rvaluated. One objective method for doing this is to set forth a

mmher of criteria against which each of the alternative solutions can -
he measured. Those solutions which cannot meet all the criteria are

aiven a lower priority in the final recomnendation phase, while those

uhich do pass muster against the criteria will likely evolve into full-

fledqged projects later on! ‘

In YSAID project Paper Documentation, each pro}ect must be analyzed in

terms of its technical, economic/financial, and social soundness. For
discussion purposes for today's meeting, we have decided to search for
distinct criteria within that USAID Project Paper Format. After discussion,
of course, ve may refine this framework or indeed decide upon other, more
relavant, criteria. Prasented below, then, is a tentative evaluation

schema for discussion. -

AMALYSES L FEASIBILITY CRITERIA

N, Technical, ' 1. Institutional capability to implomen?t
the project is available or readily
devnloped thru budget and technical

' assistance (this includes both aovern-
mental and local capabilities).

2. The technical intervenéion jtself is .
is technically sound.

3. The solution offered can utilize aprt- i
technology (i.e., local expertize, m-ic:i
labor)..

4, Local, governmental, and foreian conlyiin:
tions can be expectad. :

B. Economic/Financial. 1. Villagers' have capacity to contribuie
. . financially tec project. :

2. Benefit-Cost Ratios are favorable (1"}

’
3. DRA willing to commit frnds, material, ..
. ' personnel to offect project success.



B,

c.

D.

Social.

Political,

Environmental

Marketing infrastructure is sufficiently
in-place that increased production, thru,
irrigation improvement will lead to:

. increased farmer 1ncome.

1.

2

3.

4.,

1.

2,

3.

4.

5,

1.

The project will benefit rurai,poor.'

The project has the potential to spread
to other, non-primary, beneficiaries.

The project is compatible with the Tocal
social structue and cultural values,i.e.,
there will be no adverse socio-cultural
impact. \

\ .
Villagers are likely to participate in desian,
plan, implementation, and maintenance of
project.

DRA willing to make needed policy chnnﬂ""
to insure project success.

Irrigation-related ministries and agencies
willing to cooperate in design, plannine,
and implementation of the project.

The prbposed'project is cbmbatib\e with
DRA curvent 5-year Plan.

The project's design package and fund1nu in
acceptable to DRA.

'
]

No adverse environmental impact is fore=cen.




-3 .

Addendum. One can of course view all of the alternative solutions as ‘
equally {mportant, opting then for a number of different but simultaneously
applied development packages. or sub-projects within a larger design. '

For example, one component could be the soil and water inventory, another '
could be the investigations of further development of springs and karezes;

at the same time an immediate program of groundwater exploration could begin;
and a third package could consist of improverents to CIS structures ’
(diversions, conveyance structures, etc.), mirab trainina, and on-farm e
water management training programs (working mainly tr: jugh demonstrations).

ach of these components could be expanded and sketched in greater detail.
They are offered here a§ an alternative to choosing among various but equally
dosirable alternatives. A further advantagey of the component or package '
approach is that it regroups the variablesyihto a system, recognizing that

we are dealing with & system and that all the parts are inter-related; thus,
the best solution is one which deals effectively with sub-systems within

that larger system. '
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