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Appendix B
PROJECT LANDS

Introduction

This appendix presents the information that has been compiled from the
detailed land classification survey and related investigations of the
Shamalan Unit, Helmand Valley Project, Afghanistan. The lands of the Unit
were investigated and classified as to suitability for irrigation development.
Authority to make this investigation is provided in an agreement between the
United States Agency for International Development and the Royal Government
of Afghanistan,
This appendix contains ten sections setting forth the following information:

( 1) in introduction to the subject matter.

( 2) A general description of the Unit area.

( 3) A discussion of the soils = their characteristics and extent.

( L) A description of the Unit topography.

( 5) Drainability characteristics and problems of the larnds.

( 6) A description of salinity and alkalinity conditions.

{( 7) A discussion of quality of irrigation water supplies.

( 8) A discussion of the land classification.

( 9) Conclusions of the investigations.

(10) Supporting data available,

Purpose of the Investigation

The purpose of the land classification is to systematically appraise the
lands and separate them into categories on the basis of similar character-
istics. These categories, or land classes, depict the extent and degrees

of suitability for sustained irrigation agriculture. The potential pro-
duction, cost of land development and costs of production determine the
ability of the lands to economically support farm units and the ability

to repay project development and operation costs. The classification is
also designed to provide sound and relatively permanent basic data essential



to solving existinz agricultural, economic and engineering problems, and
to planning a sound irrigated agriculture for the Unit.

Nature, Date and Extent of Survey

The land classification of the Shamalan Unit is detailed in scope. It was
conducted during the period March 1965 to November 1966, and involved the
classification of irrigated and nonirrigated lands comprising the Unit,.

Arable Land Classification Map

The arable land classification map showing the results of the survey of the
Shamalan Unit is on drawings 501-123 through 501-127 at the front of this
appendix.

General Description of Unit

Physical Characteristics

Location and Extent of the Unit Area. The Shamalan Unit is located in
southwestern Afghanistan on the west side of the Helmand River extending

both northward and southward from the confluence of the Helmand and Arghandab
Rivers. The Unit is 64 kilometers (LO miles) in length, ranging from approxi-
mately one to seven kilometers (0.6 to 4.3 miles) in width, with an approxi-
mate average width of four kilometers (2.5 miles), and comprises a gross

area of approximately 259 square kilometers (100 square miles). The general
outline and location of the Unit are shown on the Key Map which is in the
front of this appendix.

There are numerous villages of various size within the Unit, but Bost, on
the east side of the Helmand River near the north end of the Unit is the
only town in the area. Chah-i-Anjir, the headquarters of the Helmand Arghan-
dab Construction Unit (HACU), originally built as a construction camp by
Morrison-Knudsen Afghanistan, is located approximately two kilometers from
the northwestern tip of the Unit, west of the Helmand River.

Physiography and Geology. The Shamalan Unit is located on the first and
second terrace levels bordering the Helmand River, varying from one to four
meters (3 to 13 feet) above the normal river surface. It is bounded on the
east by the Helmand River, and on the west by a third, higher, older ter-
race, probably of the Tertiary geologic period. Altitudes within the Unit
range from 789 reters (2,588 feet) above mean sea level at the northern

end to 708 meters (2,323 feet) at the southern extremity with an approximate
mean average gradient of 1,3 meters per kilometer (6.9 ft per mile)., East-
west gradient within terrace levels is nearly flat for most of the area.

The soils of the Unit are derived largely from alluvial materials of the
Quaternary geologic period with.areas of aeolian deposits occurring in a
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narrow strip along the western edge of the Unit, These aeolian materials
originate from the vast desert to the west of the Unit known as the Dasht-
i-Margo.

The alluvial sediments, from which the bulk of the soils in the Unit are
derived, consist largely of medium textured materials, varying from moderately
fine to moderately sandy in texture. These materials generally range from
approximately two to four meters (6 to 13 feet) in depth, below which they
grade into sands and gravelly sands., All of the Unit lands are underlain
by gravel at various depths ranging from at or near the surface to maximum
depths exceeding five meters (16 feet). Occasional gravel bars are found
on the land surface., On the basis of exploraticns econducted to date the
gravelly substrata appear to be open and non-ccnsolidated., Observations of

the deeper gravel strata have been limited due to 1lack of suitable equip-
ment for carrying out such explorations.

Climate

General. The climate of the Helmand River Valley is similar to that of the
deserts of southwestern United States and is comparable to continental desert
climate in similar latitudes and situations in other countries. It is char-
acterized by hot, dry summers and mild winters with a long growing season.
Temperature data reported in the International Engineering Co.,"Report on
Soil and Water Resources of Southwest Afghanistan" (1959) show an average of
32 days annually with minimum temperatures of 0° Centigrade (32° Fahrenheit),
or less. Generally the low temperatures last only a few hours with most of
the day in the b ~ 16° ¢ (LO - 60° F) range. The lowest temperature recorded
during their record period of January 1951 to December 1956 was - 11° ¢

(12° F), The climate is favorable for the growing of a wide variety of crops
under irrigation including small grains, corn, grain sorghums, root crops,
alfalfa, clovers, pasture, tree fruits, grapes, and vegetables. The follow-
ing is a brief summary of climatic conditions in the Bost - Chah-i-Anjir area:

The average annual precipitation is 135 millimeters (5.3 inches) of which
121,1 millimeters (L.77 inches), or approximately 90% occurs during the
period November through April. The three months of highest precipitation
are December, January and March, with 22.L4%, 2L.6% and 18.4% respectively,
or a total of 65.4% of the average annual precipitation. The period May
through October is extremely dry with a yearly average total precipitation
of 1.3 millimeters (0.56 inch). 1/

l/ Precipitation data are based on records from Chah-i-Anjir for the period
October 1951 through December 1954 and for Bost for the period Jamuary
1955 through July 1965,



The average annual evan/ratlon from a frece water surface is 2,141 milli~
meters (Sh 3 inches). Summarized temperature data from the Bost weather
station for the period of January 1955 through September 1965 are as follows:

Temperatures
(degrees)
A. Annual B. July Averages C. January Averages
Avr Max Avr Min Avr Max Avr  Min Avr Max Avr Min
C F G P C F C F C F C )

28,9 840 16,7 62.1 L41.7 107.1 14,2 57.6 1h.2 57.6 1.9 35.4

Hottest During Record Period ___Goldest During Record Period
July 1958 December 196l Jarmary 1960
Maxitmam Minimum Minimum Maximum
C F C F C F C F
Ll6.3 115.3 16.7 62.1 -11-6 11.1 2h.8 76.6

The area is subject to frosts which impose some cropping limitations. The
average number of days at Chahei-Anjir with minimum temperatures below o° ¢
(32° F) (January 1951 - December 1956) are as follows:

January, 11; February, 5.5; March, 1.5; November, 2.0; December, 12;
for a total annual average of 32 days.

Effect on Soils. The soils of the Shamalan Unit have developed largely from
relatively recent alluvial deposits, under the controlling influences of a
hot, arid continental climate and a very sparse vegetative cover. As a re-
sult of developing under these conditions they are very light in color and
are virtually devold of organic matter. The soils are nearly all uniformly
calecareous throuzhout their profiles, with no evident zones of lime accumu-
lation, showing that little leaching of lime has taken place. Although
leaching and depletion of fertility elements have occurred, these are the
result of irrigation rather than climate.

Effect on Productivity. The central Helmand River Valley has a climate
generally favorable to irrigation agriculture. The long growing season plus
relatively mild winters give rise to a wide range of crop adaptability and
to potentially favorable yields. Small grains, alfalfa, clovers, corn,
cotton, grapes, vegebables, melons, and tree fruits have all along been

1/ Based on weighted averages using pan evaporation records (converted to
free water surface evaporation by applying a coefficient of 0,75) from
Chah=i=Anjir for the period of January 1951 through November 1954 and
from Bost from April 1955 through September 1966.
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grown in the valley. Sugar beets, grain sorghums and soybeans have been
grown successfully on an experimental basis. Alfalfa, pasture grass and the
commonly grown clovers continue to produce through the winter months, al-
though production during the coldest weather is limited. The more hardy
vegetables are also grown throughout the winter months.

Present Land Use. The Shamalan Unit is one of the older farmed areas in the
valley and is also one of the better areas to consider for irrigation agri-

cultural development. There are in the neighborhood of 200 villages within
the Unit with an estimated combined total of approximately 24,000 persons.
Statistics are incomplete and it is possible that the area population may be
muich larger than the reported figure. The villages, which vary in size from
a few families to relatively large communities, are typical mud-hut construc-
tion, with no floors or windows, no sewage systems dnd no sanitary water
supplies. The villages are temporary and are frequently relocated to remove
themselves from the accumulation of wastes. The typical life of a village
is eight years, after which the huts are demolished and the land is again
farmed,

Preliminary information developed by the Cadastral Survey Unit indicates

- that individual farmed tracts within the Shamalan Unit average approximately
1.2 hectares (3 acres) each. Individual or joint owners in the West Shamalan
Division frequently own several separate tracts, with average total holdings
of approximately 7.L hectares (18.3 acres) each, There is an average of
approximately two tenants per ownership in this division,

The principal crops presently grown in the West Shamalan Division are wheat,
cotton, corn, and mung beans, with minor amounts of barley, alfalfa, fruit,
vegetables, grapes and other horticultural crops. Wheat is the basie crop,
occupying about one=half of the cropped land. Small numbers of livestock
are kept, principally for draft purposes. Sheep and goats are purchased
from nomads in the fall and are fattened for winter meat. Small numbers of
poultry are kept for eggs and meat. Farming methods and practices in the
valley are for the most part extremely backward and crop yields are low to
very low.

Mnticipated Future Land Use.

The irrigated arez in the Shamalan Unit under project development will essen=
tially be the same as that of the present, with no new lands being added.

The aims of project development are to improve water distribution and control,
greater intensification of land use, the establishment of greatly improved
cropping patterns and rotations, and the general upgrading of agricultural
tractices as discussed in detail in Appendix A "Agricultural Economics',
Projections for the area are based on expectations of little change in the
range of crops that will be zrown but anticipate a considerable shift in
relative percentages of the land occupied by individual crops. Projections
are that by the 50th year under project operations in the Shamalan Unit,
alfalfa will be grown on approximstely 24 percent of the land as compared
with five percent at present. Wheat will continue to be the principal crop,
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but will drop from its present 47 percent to 38 percent of the cropped
acreage. Cotton will occupy 22 percent of the irrigated land as compared
with 27 percent at the present time. Corn and mung beans will continue

to be important crops within the Unit, with minor increases in acreages

of each. Some increase is also predicted in the total area for orchard,
garden, vineyard, carrots, and sesame or sunflower production. The latter
crops will amount to a total of approximately 15 percent of the total cropped
acreage. Corn, carrots, mung beans, and sesame or sunflower are all to be
grown as part of a double cropping system, and some wheat will be grown as

a second crop after cotton.

The planned changes in cropping pattern will permit establishment of good
soil building crop rotations as well as contribuiing to a better balanced
agriculture with considerably enhanced income.

Soils

General Description

The great majority of the soils of the Shamalan Unit have been derived from
relatively young alluvial materials on low to moderately low-lying first
and second terraces along the west side of the Helmand River. Sandy aeolian
deposits, varying from low, shallow hummocks to medium height sand dunes
occur as overburden along the western side of the area where the river ter-
race lands are bordered by a vast desert. Discontinuous strips and small
bodies of stratified, sandy, recent alluviums occur in low=lying portions
bordering the river which are subject to periodic flooding. These stratified
alluviums and the sandy aeolian deposits are almost all included in the non-
arable lands of the Unit. The bulk of the alluvial soils of the Unit have
deep, relatively uniform profiles, ranging in texture from moderately light
silty clay loams to fine sandy loams, with medium textures (loams and silt
loams) predominating throughout most of each of the individaul profiles and
usually range from approximately 2 to 3 meters (6 to 10 feet) in depth.

Some shallower bodies occur, however, and gravel bars are ocecasionally found
on the surface. The soils typically become gradually more sandy in the
lower profile sections and are frequently underlain by open loamy sand to
sand immediately above the underlying gravel strata. Soil profiles with
light silty clay or loamy sand horizons are found occasionally within this
general group of soils, but are confined to small arecas. All of the Unit
soils are underlain by gravel strata at various depths, typically occurring
at two to four meters (6 to 13 feet) below the surface, and ranging from at
or near the surface to more than five meters (16 feet) in depth. On the
basis of subsurface explorations conducted to date, consisting of auger holes,
bank exposure observations, and a limited number of deep core drill holes,
(LO meters, or 130 feet in depth) these gravel strata appear, in general,

to be open and unconsolidated,

The Unit soils are predominantly very light brown to light grayish brown

in color and are very low in organic matter, typical of soils developing
under very arid conditions with sparse vegetation. They show little effect
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of weathering due to the prevailing climatic conditions., Very low precipi-
tation, high evaporation, sparse vegetative cover and a very low level of
microbiological activity have restricted soil development processes to a
minimun, The soils show little to no structural development and are nor=-
mally uniformly highly calcareous throughout the profiles, with no discern-
ible evidence of leaching or zones of lime accumulations.

Typical Profiles

The profiles of the alluvial soils of the second terrace level, which com-
prises the great majority of the project lands. typically have relatively
uniform medium textured soils consisting large:y of loams and silt loams.
A typical profile for these soils has from 30-4) centimeters (12-16 inches)
of light grayish brown friable calcareous loam. This is underlain by a
layer of light yellowish brown loam, or slightly sticky silt loam to light
silty clay loam, which may have some visible disseminated lime and lime
splotches, extending to from 90 to 180 cm (36-72 inches) depth. This, in
turn, is frequently underlain by a layer of light brown, slightly compact
loam approximately 30 em (12 inches) in thickness. Below this third level
the soil becomes increasingly sandy with depth, varying from sandy loam to
loamy sand and is gray in color. The sandy layer normally continmues to the
underlying gravel,

The soils are normally uniformly to very nearly uniformly calcareous through-
out the profile and show little or no structural developmen, Principal
variations within profiles are thickness of the horizons, textural variations,
and depths to wunderlying gravel. Textures vary from moderately sandy to
moderately fine, with medium textures predominating throughout the profiles
except for the sandy layer normally encountered immediately above the gravel.
Selected typical profiles are graphically illustrated and described on the
following pages.

Available Moisture Capacity

The soils of the arable lands in the Shamalan Project have good to high
available moisture capacities., Field moisture capacities and wilting point
determinations performed at the Kabul University Faculty of Agriculture on

& limited number of samples of medium to moderately fine textures showed
field capacities varying from 28 to 30 percent and wilting points varying
from eight to ten percent. Available moisture percentages ranged from 18«20
percent for the medium to moderately fine textured soils, which mredominate
in the arable lands of the Unit. Water holding capacities of the moderately
sandy soils of the Unit have not been determined by laboratory testing during
the course of this invaestigation but would be somewhat lower than those of
medium textured soils,

The International Engineering Company, Inc., in their investigations of the

soil resources of southwest Afzhanistan during the years 1952 to 1958, ana-
lyzed and tested a large number of samples from throughout the valley. A
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LEGEND FOR GRAPHIC TYPICAL SOIL PROFILES

(Pages 8-13 inc)

Hydraulic Conductivity /Electrical conductiv%ty*

(disturbed) in cr/hr ~=~1,10 1 in millimhos/cm.@ 25° C
3.0 5

Exchangeable Sodium %~ N\pH of 1:10 extract

Soil Texture **

#Measured on 1:10 extract and converted to 1l:1

*¥S0il Textures

S « Sand L- Lecan

IS - Loamy sand Sil- Silt loanm

8L -~ Sandy loam SCL- Sendy clay loan
FSL - Fine sandy loam Gr- Gravel

(#*Texture 1list includes only textures indicated in the
following "Typical Soil Profiles")
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Typical Soil Profile
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Typleali Soil Profile
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Typical Seil Profile
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summary of the results of their work with respect to general relationships
of saturation percentages, textural grades, field permeability and available
moisture is shown in the diagram which follows this page, This indicates
that available moisture in the medium textured soils (loams and silt loams)
which predominate in the Shamalan Unit would be from approxim-tely L.3 to
5.0 cm per 30 cm (1.7 to 2,0 inches per foot) of soil.

Calcareous Development

The soils of the Shamalan Unit are nearly all quite uniformly calcareous
throughout the profiles. The very low rainfall, characteristic of the
Valley, has caused little leaching of calecium carbonate from the surface
soils and virtually no discernible lime concentration in the subsoilsi

Drainage

The majority of the soils in the Shamalan Unit are at present affected by
drainage problems of varying degrees which inhibit c¢rop growth and contri-
bute to salinization of the soils. These conditions are discussed in greater
detail in the section on drainage in this appendix. However, drainage in-
vestigations conducted to date show that the lands classed as arable have
favorable natural drainage characteristics and indicate that drainage faeili-
ties required to keep water tables at safe levels can be provided at reason-
able costs: The predominant mediwm textured soils have moderate infiltration
rates, averaging approximately one cm (O.L4 inch) per hour, and, with good
irrigation practices, deep percolation losses will not be excessive. Borings
and exposed profiles indicate that the entire area is underlain by open,
porous gravel strata, largely at or near depths the drains would intercept.

The project development plan provides for the provision of necessary drainage
facilities, including deepening and improving existing drains, construction
of additional drains needed on the basis of drainage investigations which
have been made in the Unit, and adding additional drains where need develops
following project development,

Salinity and Alkalinity

Salinity and high exchangeable sodium constitute moderate to serious problems
in the majority of the soils of the Shamalan Unit under present conditions.
Concentrations of both occur in sporadic and hiphly variable patterns with
conditions ranging from soils which are unaffected or only slightly affected
to those classed as totally unsuitable for irrigation agriculture because of
high levels of soluble salts and exchangeable sodium occurring under condi-
tions such that reclamation is considered impractical.

These problems are usually associated with seasonal or constant high water

table conditions but there are sizable areas of saline and/or sodic soils
where there are no evident associated water table problems.
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The less seriously affected soils can be reclaimed by relatively simple to \\Q
moderate means if adequate drainage facilities are provided. These would
include corrective measures such as simple leaching where slight to moderate
salt excesses are present, and combinations of use of calcium amendments,

such as gypsum, and leaching on reclaimable sodic soils.

These problems and their correction are discussed in grester detail in the
section on salinity and alkalinity in this appendix. In the future it may
be found feasible to reclaim part of the lands now classed as nonarable due
to excessive exchangeable sodium concentrations. Feasibility of reclaiming
these lands can be ascertained only by appropriate field and laboratory re=-
search studies to determine cost and effectivenzss of reclamation methods.

Fertility and Organic Matter

The Shamalan Unit lands are among the oldest irrigated lands in the Helmand
River Vdlley. They have been farmed for many centuries, and with minor ex-
ceptions, without use of fertilizers of any kind and with little or no organic
residues being returned tn the land. The only exceptions of note are small
areas located near villages which have received rather heavy applications

of animal and human manures. The result is that the great majority of the
soils are seriously depleted in fertility and nearly all have very low orgaic
matter levels.

It is anticipated that heavy applications of certain fertilizers will be
required to bring the soils up to a satisfactory level of production. Sub-
sequent applications, sufficient to meet year-to-year crop needs, will be
required., Findings in recent years in the Western United States and in a
number of irrigated areas in other parts of the world with long histories

of irrigation indicate that serious depletion of phosphate .is a strong possi-
bility, and unless required applications are made to meet soil adsorption
capacities, the land cannot be brought up to a satisfactory level of product-
ivity. On the basis of experience in Western United States, this requirement
could range up to LS50 to 900 kilograms of available P205 per hectare (40O

to 800 1lbs per acre) on part of the soils. Zine deficiency is another
possibility. Once the serious depletions have been overcome, subsequent
fertilizer applications sufficient to meet annual crop requirements will be
required to maintain fertility levels.,

Low organic matter levels affect soils adversely in many ways, causing poor
soil structure, poor soil tilth, poor soil-moisture and soil=-air relation-
ships, reduced biological activity and by making fertility maintenance more
difficult. In order to correct thesec conditions in the Shamalan soils, as
well as in other irrigated areas in the Helmand River Valley, it will be
necessary to institute and follow soumd soil organic matter building progranms.
These consist primarily of soil building crop rotations, which include al-
falfa, clover and grasses, plowing under green manure crops, and use of
adequate quantities of amimal mamures. Building up favorable organic matter
levels in the soils will also increase availability of fertility elements
by increasing microbiological activity.



Another very important function served by organic mrtter as related to soil
fertility is its effect on increasing the soil cation exchange capacity,

as organic matter has a much higher cation exchenge capacity than the in-
organic clay portion of the soils. The soils of the Shamalan area in general
have relatively low base exchange capacities (averaging approximately 8,8
me/100 grams) and can be expected to respond favorably in this respect to
buildup of soil organic matter.

Suitability for Irrigation

The great majority of soils of the arable land: cf the Shamalan Unit are
physically well suited to irrigation farming., in general they have deep,
uniform profiles of moderately fine to moderately sandy textures, with
medium textures predominating, have good to high available moisture holding
capacities and have favorable internal drainage characteristics. On the
basis of physical characteristics the great majority of these soils would
meet class 1 specifications. However, long years of irrigation farming
following archaic practices has led to development of a number of problems
and deterioration of the lands. Damaging water table conditions have de-
veloped, soils have become affected to various degrees by accurmulation of
harmful salts, fertility has been depleted to very low levels, and other
problems have developed which seriously limit agricultural production on
nearly all of the soils. Correction of these problems, however, is con-
sidered feasible in ths lands classed as arasble, following which these soils
will be capable of go2? to high yields of a wide variety of crops.

Topozraphy

General Description and Major Topographic Features

The lands of the Shamalan Unit are located on a low, relatively uniform,
nearly level to gently sloping river terrace, which ranges from approximately
one to four meters (3 to 13 feet) in elevation above the normal river water
surface. The average gradient from north to south is approximately 1.3
meters per kilometer (approximately 6.9 feet per mile) and east-west gradients
are nearly level within terrace segments. Principal topographic variations
consist of short slopes into river channels, some nearly flat backwater areas
or oxbows, and sand dunes and hummocks which encroach in a narrow strip along
the west side of the terrace from the desert to the west.,

Land surfaces within the Unit are generally quite uniform with minor undu-
lations caused by weeds and shrubs collecting windblown materials in unculti-
vated areas. The sand dunes and hummocks which have invaded the western
edge of the Unit are not included in the lands classed as arable. \\

Specific Topographic Problems

Surfaces of most of the arable lands of the Unit are sufficiently level to
achieve effective irrigation water distribution under the present system of
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small fields enclosed by small, low dykes, or borders. These fields have
been leveled by hand or by the use of oxen and crude implements over the
centuries, with small segments of each cultivator's holdings being leveled
each year. The resultant pattern, however, is one of very small fields
which, although generally meeting the needs of the present farming methods,
would not meet the requirements of mechanical farming, or even more efficient
farming methods where animal power is used. Conversion to mechanical farming
with modern methods of irrigation would require broad~scale land leveling,

or grading. Unit leveling requirements would, however, be low due to the
general uniform relatively smooth surface features of the land.

Clearing trees from the banks and leveling out the old Jjui system, which now
serves most of the Unit would be a principal itcm in leveling and reshaping
fields into patterns meeting the needs of modera agriculture,

Costs for accomplishing the total leveling requirements of the Unit would
be relatively low. On the basis of the present estimates, total leveling
and grading costs would average approximately $.15.00 per hectare ($L7.00
per acre),

General Description

Although the majority of the Shamalan Unit lands are presently affected by
drainage problems, the irrigable lands in general have good drainability
characteristics. The soils, which are predominantly of medium textures,
ranging from moderately fine to moderately sandy textures, have medium to
moderately low surface infiltration rates and do not pose serious deep
percolation hazards.

Field infiltration tests conducted over the arca to determine moisture pene-
tration rates into and through the upper soil zones gave rates ranging from
approximately 0.2 to 4.0 centimeters per hour (0.1 to 1.6 inches per hour),
averaging approximately 1.0 em/hr (O.4 inch per hour). Laboratory perme=~
ability rates averaged approximately two~-thirds the field rates. Deep
percolation losses from irrigation, with good irrigation practices, should
be moderate,

Observations and explorations conducted to date indicate that all of these
lands are underlain by open porous gravel er gravelly strata with relatively
high permeability rates at or near depths which would be intercepted by
drains. The gravel strata are normally encoumtered at depths of from two

to four meters (6% to 13 feet), with depths of three to four meters (10 to
13 feet) predominating, In places the gravel is found at the surface and
the maximum depth to gravel observed was approximately seven meters (23
feet). On the basis of observations of a limited number of deep holes
drilled to date, the gravel strata range from four to ten meters (13 to 33
feet) in thickness and are usually underlain by compacted fine-grained sandy
materials or sandstone, but are in places underlain by hard tightly cemented,
impervious conglomerate. The sandstone stratum is very slowly permeable and
thus forms a definite effective drainage barrier. The surface of this
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stratum is, however, relatively uniform, without appreciahle undulation
and does not form extensive horizontal drainage barriers.

The Unit has generally smooth topography with relatively uniform, gentle
slope and few significant irregularities that woul cause accumulation of
surface and ground water or would pose serious problems in the construc-
tion of required drains. The irrigable lands are situated high enough
above existing drain outlets to the river to provide adequate outfalls.

A series of ground water wells was established in December 196l to study
depth to fluctuation and direction of flow of ground water in the Unit. A
small number of village domestic wells were als. selected for observation
at that time. These wells were read from time of installation until mid-
May 1965, An additional ground water observation system was established in
the West Shamalan Division during November 1965, consisting of auger holes,
villaze wells, and deep holes drilled with a core drill to the west of the
Unit, Piezometric type tests were conducted on rix of the deep holes to
determine the extent of ground water flow into the Shamalan Unit from the
desert. Depth to ground water readings in the West Shamalan Division sys-
tem have been made from the time of installation and are being continued.
These observations and tests are discussed in detail in the Drainage Appen-
dix of the Shamalan Unit Feasibility Report. The results of the studies

of the ground water investigations further substantiate the favorable in-
herent drainage characteristics of the Shamalan Unit project lands.

Results of observation well readings show that the ground water reaches its
highest level during December just prior to the winter season shutdown of
the canals, that there is a general rapid drop in the water table level
during the shutdown period and that buildup in the water table occurs fole
lowing resumption of irrigation during the spring, The rapid drop-off in
water table level is especially indicative of favorable internal drainage
characteristics considering that ground water must travel long distances

(as far as 9 kilometers, or 5.6 miles) to reach surface at the outlet drains.
In some wells near outlet drains, the rate of fall was as much as five cm

(2 inches) per day.

Shallow well (auger hole) pump-out tests were conducted over most of the
Unit on a basic 500 meter grid spacing and on a grid of 250 meter spacing
in areas with high water table conditions. The tests showed the gravelly
material to have consistently high permeability rates in nearly all of the
locations where tests were conducted. The sandy horizons immediately above
the gravel also had consistently high permeability rates. No extensive

shallow horizontal barriers were found above the gravel strata, The water
table studies also indicated that the gravel strata have high water moving
capabilities,

No measurements have been made to determine seepage losses from the Shamalan
Canal and the existing laterals. Based on data from the field infiltration
tests, and laboratory disturbed permeability tests, seepage losses from the
farm ditches and small laterals should be moderate. Auger borings and pits
along the proposed West Shamalan Lateral indicate short reaches where seepage
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losses could be considerably higher and are quite probably excessive.
Provisions for lining these reaches are included in the project plan,

In view of the generally favorable inherent drainage characteristics of the
Shamalan Unit area lands, it is anticipated that the necessary drainage
facilities to correct existing problems and to meet needs under the planned
future developments can be met at moderate costs.

Drainage Problems

Although the Shamalan Unit lands in general hav: favorable drainability
characteristics, the majority of them are at present affected by drainage
problems of varying degrees. High water table conditions are prevalent in
a large part of the Unit lands which contribute to salinization of the soils
and otherwise inhibit crop growth. The only sizable contiguous block of
lands within the Unit not affected at present by high water table conditions
is the area comprising approximately the southeirn one=-third of the South
Shamalan Division where irrigation water is perennially in short supply.

The major contributing factor to existing problems is the lack of an effec-
tive, well maintained drainage system, There are no natural drainageways
within the Unit and the existing constructed drains are not adequate to
control the water table at safe levels from the standpoints of depth, loca=-
tion, spacing, and maintenance. The current existing drains are of inadequate
depth and are poorly maintained. Considering all of these factors, the
existing drains do have considerable flow, further indicating favorable
subsurface drainage characteristics.

Other factors which are now contributing to the widespread drainage problems
are irrigation system losses, poor distribution, and lack of effective and
adequate water distribution controls.

With the sizable increase in irrigation water supply to the Unit planned

in the proposed project development, accretions to the ground water will be
increased considerably and drainage problems will become more severe unless
the necessary remedial measures are provided. However, it is anticipated
that drainage development, improvement of the irrigation system and other
related developments provided for in the project plan of development will
correct existing drainage problems and will keep water tables at safe levels
under the full irrigation of the lands.

Salinity and Alkalinity

General Discussion

Investigations for salinity and alkalinity included collection and analysis
of representative soil samples from the project Unit during the detailed
land classification. Sampling was done on an intensive basis with all
appropriate horizons being sampled in all locations where sampled profiles
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were observed and lazzed, The rate of soil profile examination and sampling
exceeded the minimum requirements for detailed land classification with an
average rate of one logwed and sampled profile for each 12 hectares (30
acres). All samples were subjected to laboratory tests for electrical con-
ductivity and pH of 1:10 dilutions. A large number of selected samples

were subjected to additional analyses and tests including insoluble carbon-
ates, mechanical analysis, hydraulic conductivity, total dissolved solids,
analysis of saturation extract for soluble cations and soluble anions in
milliequivalents per liter, cation exchange capacity, extractable sodium,
soluble sodium, exchangeable sodium, and soluble boron.

Table 1 on the following page presents typical laboratory data depicting
types of analyses and typical analytic results. Data from laboratory tests
and analyses were used in conjunction with field observations to complete
the information required to accomplish a sound and complete detailed clagsi-
fication of the Unit lands. The data from these tests were applied in the
delineation of arable from nonarsble lands and in the separation of the
arable lands into classes according to limits set up for each class in the
land classification specifications. (See Table L "Land Classification
Specifications”), In part “AW, "Present Conditions" of the specifications
these limit soils in class 1 lands to electrical conductivities of the
saturation extract not to exceed ) millimhos/cm, pH less than 9,0 (1:10
dilution) and exchangeable sodium concentrations so low as to not cause any
adverse effects. Soils included in class 2 lands can have a maximum con=
ductivity of 8§ mmhos/cm, pH of 9.5 or less (1:10 dilution), and exchangeable
sodium must not exceed 10%, or 2 milliequivalents/100 grams. The maxinmum
limits permitted in the soils of class 3 lands are electrical conductivities
of 10 mmhos/cm in the surface 30 centimeters (12 inches) and 15 mmhos/cm

in the soil profile; pH not to exceed 9.8 (1:10 dilution); and exchangeable
sodium not to exceed 15% or 3 meq/100 grams. In the part of the specifica-
tions considering the lands "Following Project Development" it is assumed
that reclamation of saline and sodic soils included in the irrigable project
lands to bring them up to class 1 specifications in these respects will have
been accomplished, The only exception to this is that unreclaimable sodic
spots sufficient to reduce overall yields up to 15% will be permitted in
class 2 lands, and up to 30% reductions from this are permitted in class 3
lands. Salt limits permitted in class 3 under present conditions may appear
relatively high, but these were arrived at after careful study of the actual
erop conditions and yield measurements, correlating crop yields with galinity
levels. The salt concentrations in these areas occur in highly variable and
sporadic patterns in which the soils with maximm concentrations permitted
by the specifications are interspersed with soils varying downward to rela-
tively salt-free conditions. Furthermore, as discussed in the section on
drainage in this appendix, all of the irrigable lands of the Unit are under=-
lain by open, permeable gravel strata and drainability conditions in general
are favorable. Leaching of excess salts where needed, and control of salt
levels within safe limits can be accomplished by good irrigation practices
if the necessary drainage system, recommended in the project plan, is pro=-
vided and properly maintained. Also, nearly all of the crops now grown, or
anticipated to be grown following project development, are moderately salt
tolerant,
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Present Conditions

Salinity and exchangeable sodium constitute moderate to sewre problems on
the majority of the Shamalan Unit lands. Concentrations of both occur in
sporadic and highly variable patterns with conditions ranging from soils
which are unaffected, or only slightly affected, to those classed as totally
unsuitable for irrigation agriculture due to high levels of soluble salts,
exchangeable sodium, or combinations of both. Moderately high to high con-
centrations of boron are also found but these are consistently associated
with very high salt concentrations and exchangeable sodium concentrations.,
Only a few scattered profiles were found where boron was present in damaging
quantities where the soils were otherwise arsble.

In the Shamalan Unit approximately 82 percent of the irrigated lands are
affected by salt and/or exchangeable sodium. Of the 14otal irrigated area
approximately 30 percent is affected to 2 moderate degree by salt concen-
trations; approximately 10 percent is affected by moderate concentrations
of salt and exchangeable sodium, approximately 17 percent is affected by
combinations of relatively high salinity and exchangeable sodium, but can
be reclaimed by moderate applications of gypsum and by leaching, assuming
adequate drainage; and approximately 25 percent of these lands have such
high concentrations of salts and/or exchangeable sodium that reclamation is
not considered feasible, In the majority of the affected lands, salt and
exchangeable sodium excesses are associated with seasonal or constant high
water table conditions, but there are sizable areas of saline and/or sodie
soils where water tabl: is not a problem,

Salt and exchangeable sodium are erratic in occurrence throughout the
affected areas with wide variations in both. The moderately to severely
affected areas are typically interspersed with areas virtually free of
salts and with low exchangeable sodium percentages, Many of these un-
affected areas are too small and irregular in shape to be separated out
on the land classification map.

Potential Conditions

Because of the prevailing favorable drainability characteristics of the
project lands, their generally favorable infiltration rates, and since the
project plan of development provides for construction and maintenance of

the necessary drainage facilities and provision of ample quantities of good
quality irrigation water, no significant additional salinity or alkalinity
problems are anticipated following project development., Furthermore, it is
anticipated that most of the lands classed as arable now affected by salinity
and alkalinity can be effectively and economically reclaimed to class 1, or
near class 1 productivity levels. Lands classed as arable where soluble
salt excesses constitute the only inhibiting factor can be reclaimed by
leaching, The great majority of the lands placed in class 2 because of
moderate exchangeable sodium concentrations can be reclaimed by use of green
manures, crop residues, animal manures, and leaching. The more severely
affected sodic soils that were included in the arable lands as subclass 3sa
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will, in addition to these treatment measures, require moderate applications
of gypsum to achieve full reclamation within a reasonable length of time.
Gypsum is available locally in ample quantities to meet project needs in the
form of "gotch" averaging 60-70 percent gypsum content.

It may in the future prove feasible to reclaim part of the lands now classed
as nonarable due to excessive salts and/or exchangeable sodium. Feasibility
of reclamation of these lands can be ascertained only by appropriate re-
search studies and will depend upon effectiveness of leaching, amount of gyp-
sum necessary to reduce exchangeable sodium concentrations to safe levels,
costs of drainage and other reclamation measures required and response of
the soils to treatment.

Quality of Water

Source of Water

The Helmand River is the source of irrigation water for the Shamalan Unit
and for other irrigated lands of the Helmand Valley except where small areas
are irrigated by kareezes. The main stem of the Helmand River rises west
of Kabul on the southern slope of the Koh-i-Baba and Hazars ranges which
form part of the Hindu Kush range shd reach elevations as high as L,400
meters (1L,400 feet) a'ove mean sea level. The river flows are stored and
regulated in the Kajak~i Reservoir for irrigation and flood control purposes,
River elevation at Kaj:kai is approximately 960 meters (3,150 feet). Most
of the streamflow in the Helmand River originates either from rainfall in
the winter and spring at intermediate elevations or from snow melt in the
higher elevations during the late spring and early summer. The lower ele-
vations in the basin are desert areas with little or no runoff, except for
flash floods resulting from relatively intense, but usually local, rain-
storms,

Irrigation water for the Shamalan Unit, along with water for the Marja and
Nad-1-Ali Units, is initially diverted into the Boghra Canal from the Helmand
River at a point near Girishk, approximately 75 kilometers (LS miles) below
Kajakai Dam. The bifurcation point into the Shamalan Canal, which serves

all of the Shamalan Unit lands, is approximately 30 kilometers (18 miles)
below the Boghra Diversion near Chah-i=-Anjir,

In the project plan of development it is contemplated that the Nad-i-Ali
Wasteway will be used to carry additional irrigation water supplies from
the Boghra Canal to the lands of the West Shamalan Division of the Shamslan
Unit lying to the south of the wasteway. This will necessitate mixing the
wasteway flows, which at present consist of a combination of drain water
from Nad-i-Ali lands, with Boghra Canal water which is spilled into the
wasteway.

Suitability of Water for Irrigation

General. The characteristics of irrigation water that are most important
In determining its degree of suitability for irrigation provide a basis for
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predicting the effects of the water on the soils over long years of irrisa-
tion farming. The three principal hazards from this standpeint are salinity,
exchangeable sodium, and boron, Therefore, the characteristics of irrigation
water that are most important in determining its quality are: (1) total
soluble salts; (2) relative proportion of sodium to other cations; (3) the
bicarbonate concentration as related to the concentration of calcium plus
magnesium; and (L) concentration of boron or other elements that may be
toxic. Each of these factors is treated belsw for Helmand River waters and
for the mixed waters from the Boghra Canal and the Nad-i-Ali Wasteway.

Total Concentrations of Dissolved Salts. The total concentration of dis-
solved salts can be expressed in terms of electrical conductivity (micromhos/
cm) or by quantity (parts per million). Both means of expression provide
good indices as to the quality of water with respect to normal plant growth,
and the degree of hazardous buildup of toxic concentrations of salts in the
soil. Electrical conductivity is recognized as the more accurate guide for
making these determinations.,

Proportion of Sodium to Other Cations. The alkali or exchangeable sodium
hazard involved in the use of water for irrigation is determined by absolute
and relative concentrations of the cations. If the proportion of sodium is
high, the alkali hazard is high; and conversely if calcium and magnesium
predominate, the alkali hazard or danger of exchangeable sodium buildup is
low. The sodium-adsorption-ratio (SAR) has been found to be a useful and
reliable index for designating this hazard.

Bicarbonates and Carbonates. In waters containing high concentrations of
bilcarbonate ions there is a tendency for calcium and magnesium to precipi-
tate as carbonates as the soil solution becomes more concentrated. This
reaction does not normally go to completion, but insofar as it occurs the
concentrations of calcium and magnesium are reduced and the relative pro-
portion of sodium is increased. Thus, the relative proportions of bicar-
bonate ions must be considered in evaluation of suitability of irrigation
waters. The effect of the bicarbonate ion on water quality is expressed
in terms of residual sodium carbonate (RSC), or the amount of sodium car-
bonate that would remain in the water if all of the calcium and magnesium
were precipitated out as carbonates by reacting chemically with bicarbonate
and carbonate ions present in the water. This concept is defined in the
following equation:

RSC = (CO3 =~ + HCO3=) _ (Ca ++ + Mg*)
(Residual Sodium Carbonate) (Carbonates) (Bicarbonates) (Calcium) (Magne sium)

Lzboratory and field studies conducted by the USDA Salinity Laboratory in

the early 1950's, and substantiated by more recent research, indicate that
waters containing less than 1.25 milliequivalents/liter residual sodium
carbonate are probably safe for most irrigation purposes. Waters containing
1.25 to 2,5 meq/L are marginal and those containing more than 2.5 meq/IL are
not suitable for irrigation purposes. None of the waters being considered for
irrigation use in the Shamalan Unit contaim any residual sodium carbonates.
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Boron. Boron, although necessary in minute amounts for plant zrowth, is
hizhly toxic to plants at only a few parts per million in the soil solution.
Because boron tends to accumulate in the soil from even low concentrations
in the irrigation waters, this constituent must be considered in assessing
quality of irrization waters. Generally accepted limits of tolerance for
boron in irrigation waters are as follows:

Sensitive cropSececcscecces. 0.3 to 1.0 ppm
Semitolerant CropSesscccssse L0 to 2.0 ppm
Tolerant Crops seeeecesecses 2.0 to LD ppm

With the exception of grapes and tree fruits, all of the crops grown at
present or anticipated to be grown in the Shamalan Unit are in the boron
semitolerant to tolerant range.

Trrigation Water Classification

The analysis of irrigation water provides information on its suitability for
irrigation and alsc indicetes the management practices that should be fol-
lowed to maintain the soil in a healthy state. The successful use of irri-
gation water of a particular quality also depends upon characteristics of
the soil, drainage conditions, amount of water used and management practices.
The USDA Salinity Laboratory system of classifying irrigation waters shown
in Agriculture Handbook 60 is referred to in evaluating the irrigation waters
to be used in the Shamalan Unit. This system assumes that the waters "will
be used under average conditions with respect to soil texture, infiltration
rate, drainage, quantity of water used, climate and salt tolerance of crop".
The limitations of this classification system and its application are recog-
nized, but it is considered to be useful as a guide in evaluating the irri-
gation waters under consideration in this appendix, In general these limiting
factors will fall within the average range.

Helmand River Water. The Helmand River carries water of very good quality
for irrigation purposes. This conclusion is supported by data taken from
the International Engineering Co., Inc. "Report on Soil and Water Resources -
Southwestern Afghanistan, 1959" and is substantiated by collection and ana-
lysis of water samples from the Boghra and Shamalan Canals during 1966 and
1967. These samples were analyzed in the HAVA Planning Department Soil and
Water Laboratory at Chah-i-fnjir. There is very little difference in quality
of water as determined by the 1966 analysis and that shown in the International
Engineering Company report (1959). The results of the analytic data from
both sources are tabulated and summarized in Table 2 following this page.

The analysis shows that the waters are moderately low in soluble salts, with
an average electrical conductivity of 336 micromhos/em (215 ppm total dis-
solved solids); low in sodium content, with an average of 0,50 milliequiva-
lents/liter, or 15 percent of total cations; are very low in boron content,
with an average concentration of 0.21 ppm. The highest boron content found
was 0.28 ppm, which is so low as not to affect the most sensitive crops.
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According to the USDA Agriculture Handbook 60 diagram for classification of
irrigation waters, the Helmand River watcr would be class C2-Sl. According
to definition C2 water (medium salinity hazard) can be used on almost all
soils and on all but the most salt sensitive crops, with little danger of
accumulation of harmful salts if a moderate amount of leaching occurs,

Class 02 includes waters ranging in electrical conductivity from 250 to

750 micromhos/cm., Helmand River water with an average conductivity of 336
is well toward the low side of the C2 category approaching the Cl, or "low
salinity hazard" category. It is safe to assume that the Helmand River
water poses little or no threat of salt buildup in normal soils if adequate
irrigation water is applied, using good irrigatisn practices and if the
necessary drainage facilities are provided. mirthermore this water is of
very good quality for leaching soils presently affected by high salt concen=-
trations. Class S1 (low sodium) waters can be used on all soils with little
danzer of development of harmful levels of exchangeable sodium, This class
includes waters ranging in sodium~adsorption-ratio (SAR) values from 0 to 10,
The Boghra and Shamalan canal waters tested ranued from 0.35 to 0.55 and the
Helmand River water tested by International Engineering Company averaged
0.75 in SAR value. All of these are so low as to pose negligible exchange-
able sodium buildup hagard insofar as the quality of the water is concerned.
However, the same precautions related to irrigation management practices

and drainage conditions apply as those relating to salinity hagards. Buildup
of sodium salts in the soils can occur and can lead to buildup of exchangeable
sodium levels if high water table conditions develop or persist.

Boron concentrations ir the Helmand River water as previously stated, are
very low, and would not affect the most sensitive Crops.

There would be no residual sodium carbonate in this water.

Nad~i-Ali Wasteway = Bophra Canal Mixed Water. One of the very important
considerations in the plan of development for the Shamalan Unit is the pro-
vision of adequate water supplies to lands which are now water-short. Present
plans call for construction of a new lateral, known as the West Shamalan
Lateral and diverting from the Shamalan Canal, to supply lands of the West
Shamalan Division. In order to meet the water requirements of the irrigable
lands in the Shamalan Unit, the Nad-i-Ali Wasteway will be used to bring
additional water diverted from the Boghra Canal to the West Shamalan Lateral.
The water now carried in the wasteway during the irrigation season consists
of a combination of drain water from the Nad-i-Ali Project area and canal
water spilled from the Boghra Canal into the wasteway.

Data from measurements taken during 1966 and the first half of 1967 show
that average conditions in the wasteway are approximately 1.75 cubic meters/
second (62 efs) flow during the irrigation season, with an average approxi-
mate electrical conductivity of 1,550 micromhos/cm, and that peak flow
varies up to 2.07 cubic meters/ second (73 cfs) with an average conductivity
of approximately 1,L00 micromhos/cm, depending upon the amount of canal
water being spilled into the wasteway. During the canal shutdown period
when no irrigation water is being applied, flow in the wasteway consisting
entirely of drain water drops to an average of 0.23 to 0.25 cubic meter per



second (3-9 cfs) with electrical conductivity averaging approximately 3,400
micromhos/cm. Flow and analytic data on measurements and analysis of water
samples collected from Nad-i-Ali Wasteway from December 1961 through May
1967 are summarized in Table 2. This table also presents an analysis of

the effects on water quality of mixing Boghra Canal water with wasteway
water in a ratio of 2.5:1,0 (canal water:wasteway water) - assuming average
wasteway flow of 1,75 cubic meters/second (62 cfs) with electrical conduc-
tivity of 1,550 micromhos/cm and average ionic distribution as shown for
this water in Table 2. This rate of mix would supply a flow of approximately
6.15 cubic meters/second (217 cfs). The actual rate of mix may be more
nearly 3.0 to 3.5 parts canal water to 1.0 par’ wasteway water in which case
the salt concentrations would be proportionately lower than those presented
in the following discussion.

Concentrations of Dissolved Selids

Waters resulting from the mix for which calculaticns were made will have

an electrical conductivity of 731 micromhos/cm (468 ppm). Although the
mixed water would contain approximately double the total dissolved solids
present in the river water they would be in irrigation water class C2 (250
to 750 mieromhos/em) according to the USDA Handbook 60 irrigation water
classification diagram, They can be used on most soils and all but the
most sensitive crops w:th little danger of salt accumulation, if a moderate
amount of leaching occurs. Because of the higher salt content of these
mixed waters, greater csre will be required in use of these mixed waters
than will be required for the straight canal waters. The proposed alloca-
tion of one cubic meter/second for 571.5 hectares (1 efs for LO acres) will
provide ample irrigation to prevent buildup of harmful accumlations of
salts, and to accomplish leaching of salts where required within the arable
lands of the Unit. The plan of development provides for construction of an
adequate drainage system to meet drainage requirements, and the project
lands have generally favorable drainability characteristics. These mixed
waters can therefore be considered suitable for irrigation purposes provided
reasonable care is exercised in their use,

Proportion of Sodium to Other Cations.

Based on direct laboratory analysis, sodium content of the mixed water would
be 2,59 milliequivalents/liter (35% of total cations) for the 2.5:1.0 ratio
mix considered (canal water:wasteway water at 1,75 cubie meters/second

(62 cfs) flow in the wasteway with ECXlOg of 1,550) and the SAR value would
be 1,6, Assuming that all bicarbonates and carbonates reacted with caleium
and magnesium and were precipitated out as insoluble carbonates, the mixed
water would then have 58% sodium and an SAR value of 2.3. This water would
be well toward the lower side of class S1 (low sodium hazard) according to
the U. S. Salinity Laboratory Standards.
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Bicarbonates

The relative proportions of bicarbonates plus carbonates to calcium plus
magnesium are low in the mixed water considered and there would be no re-
sidual sodium carbonate.

Boron

Boron content would be low in the mixed Boghra Canal and Nad-i=-Ali Wasteway
waters averaging 0§37 in the 2.5:1,0 ratio mixed waters. Boron in these
concentrations would not be toxic to any of the crops now grown or antici=-
pated to be grown following project development.,

Land Classification

Objectives., The land classification survey was made to determine the extent
and character of the lands and to classify them according to their ecapa-
bility, under a proper agriculture program, to produce higher agricultural
yvields and returns. Land classification also provides definite, sound and
relatively permanent data which are essential in the solving of agronomic,
economic and engineering problems.

Factors Considered. The basic factors considered in the land classification
were soils, topography, and drainage. Within each of the basic factors the
following characteristics were considered in determining the land class
delineations.

Soils Topography Drainage
Texture Surface relief Soil texture
Depth Position Infiltration rates
Structure Field size & shape Subsurface permeability
Compaction Elevations Depth to drainage barrier
Infiltration Development costs Irrigation water quality
Permeability Preparation costs Outlets and relief
Water holding capacity Management costs Water table conditions
Fertility (None of the pro- Nature of understrata
Drainability Ject lands have Soil salinity and alkalinity

Salinity & alkalinity slopes exceeding
1% and cover is

(411 of the project not a significant

soils are very low in factor).

organic matter, show

little or no calcareous

development and are free

from rock or cobble.)
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These physical factors are correlated with the economic factors related
to productivity and costs of production to obtain relative income and
benefit level,

Segregations Involved

The classification involved separating the arable from the nonarable lands
and delineating the arable lands into three classes on the basis of pro-
ductive capacity. The three arable classes were further subdivided into
subclasses on the basis of factors or deficiencies involved in limiting
the land class.,

Type of Survey

The survey was a detailed land classification. Land features were examined
and recorded in sufficient detail to provide information as to the extent
and character of the lands to a high degree of accuracy. Basic data with
respect to pertinent detail were obtained to determine proper land use,
size of farm units, irrigable area, irrigation requirements, irrigation
and drainage systems, land development requirements, and agricultural bene-
fits anticipated under project development. Minimum requirements for a
detailed land classification are presented in Table 3 following this page.

Previous Survey

A general utilitarian type of soil survey/land classification was made

in the Helmand and Arghandab valleys by International Engineering Co.,Inc,
(1952-1958). The survey was primarily reconnaissance by nature and does

not supply the detail necessary for a feasibility study by Bureau of Recla=-
mation standards, Full advantage was taken of this survey during the pre-
liminary stages of the detailed land classification treated in this appendix.,
It was found that many changes had taken place in salinity and alkalinity
conditions, water tables, land development, ete., to the extent that much

of the information from the previous survey was negated. DNone of the pre=-
vious information was carried over to the present classification.

Base Maps

Base maps used for the classification were rectified aerial photographic
enlargements with a scale of 1:5,000, or 1 cm = 50 meters (1" = J16.67'),
The scale on which the photos were flown is 1:10,000. Horizontal control
used for rectification of the photographic enlargements consisted of a
surveyed triangulation grid. Each photographic enlargement is 50 x 51
centimeters (20" x 20.4") in size. Match lines were put on the sheets
prior to their use in the field, exercising care to confine the area to be
utilized on each sheet to the part where the rectification would be most
accurate, and to avoid, insofar as possible, using outside areas where some
distortion might be present.
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TABLE 3

Minimum Requirements of the Detalled Land Classification

Land classes recognized sveeeeectescescarosess 1 =2 =3=26
Scale Of DasSe MAPS . evraeerstvecacsrenonnsassa 1:5,000
Maximum distances between traverses, ~

KiLOMEters veeveeennnenacnns e Dok sems eeee b (425 mile)
Accuracy « PerceNtecececcecvecsecsssaoscssns .ee 97

Field progress per day (one land
classifier and crew) - hectares............. 32-65 (80-160 acres)

Minimum area of class 6 to be segregated
from larger arable areas - hectares ¢....... o1 (.2 acre)

Minimum area for change to lower class
of arable land - hectares eeeeeeon. et e, 8 (2 acres)

Minimum area for change to higher class
of arable land - hectares.,iveeenvesccenesae U (10 acres)

Minimum soil and substrata examination

Borings or pits (1.5 meters, or 5 feet)
per square kilometer .....eceeee . « 6 (16 per square mile)

Deep holes (3 meters, or 10 feet) per
100 square Kilometers....c.eeeesevsnesss vesse 27 (25 per township)

Methods and Procedures

The delineations were made in the field after careful examination and
appraisal of all significant physical factors. The deficiencies which
caused the land to be graded down in class were designated in the nmumer-
ator of the mapping symbol by letters: soil deficiency by the letter "s";
topographic deficiency by the letter “t"; and drainage deficiency by the
letter "d". Salinity and alkalinity problems were indicated by the letter
"a" and water table problems by the letter "w" immediately to the right of
the fractional symbol. The accumlative effects of two or more defieiencies
usually caused the land to be placed in a lower class. The following is an
illustrative example of a typical land classification symbol with the natures
of the factors and deficiencies indicated:
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Land Soils Topography Drainage
Class Deficiency Deficiency Deficiency

" 3std 4&5’}& &

—————

€227 W yatertable

La.nd/ ;“‘ " Land

" Use Produétivity Development

-

As shown in the example, the number preceding the numerator indieates the
land class, while the letters and numbers in the denominator indicate, in
sequence, present land use, productivity and land development requirements.

The land classification data, except for the profile logs, were recorded
directly on the aerial photo enlargements in the field., ZLocations were
determined by discernible Physical features on the photos or by pacing
from known locations. Soil borings were made by hand auger at intervals
consistent with complexity of land patterns to meet the accuracy require-
ments of the detailed land classification. The soil profile of each boring
was studied in detail with regard to soil depth, texture, color, structure,
indications of drainage problems and other factors pertinent to the land

classification.

All soil profiles were checked for lime by use of dilute hydrochloric acid
throughout the first year of the classification, or approximately the first
half of the period during which the classification was made. It was found
that all the soils consistently reacted strongly throughout the profiles,

80 this test was discontinued in the field. Tt was, however, continued
throughout the classification on approximately 20% of the samples submitted
to the laboratory, selected at random, and the same strong reaction was con-
sistently obtained. Quantitative lime tests performed on selected labora-
tory samples showed 20-27% lime comtent.

Soil profile logs, noting the observed data, were recorded in peg books in
the field, and samples were taken from each horizon of each logged soil
profile and submitted to the soil and water laboratory at Chah-i=-Anjir for
testing and analysis. As deseribed in the section on salinity and alkalinity
of this appendix, determinations of salinity and pH were made on all samples.
Selected samples were subjected to additional analysis and testing including
insoluble carbonates; gypsum; hydraulic conductivity; mechanical analysis;
total dissolved solids; analysis of saturation extract for soluble cations
and anions; extractable, soluble and exchangeable sodium; and soluble boron.

All soil profile logs,including the results of the laboratory analysis were

recorded on the backs of the field sheets and the results of the laboratory
analysis were incorporated with the field observations to arrive at the
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final classification of the lands. The land classification sheets were
checked for accuracy of detail and matched with adjoining sheets. The
completed field sheets provide a permanent record of the classification,

After the field sheets were completed, the land classification was traced
ont> rectified reproducible grid sheets of the same scale (1:5,000) as the
field sheets, with four square kilometers ( 2 km x 2 km) on each sheet, for
reproduction. Prints were made from the tracings and each sheet was then
planimetered by subclass tracts within each square kilometer. The results
were tabulated and a summary of the tabulation is presented in Table 5,
"Results of Land Classification, (Present Conditions) - Shamalan Unit -
Helmand Valley Project, Afghanistan". The soil profile logs, complete with
the laboratory data, were also recorded on reproducible sheets from which
prints can be made.

Detail of Coverage

Due to the complexities found in a number of factors entering into the
classification of these lands, and the nearly total lack of existing basic
information concerning the Unit lands, detail of coverace considerably ex-
ceeds minimum Bureau -f Reclamation requirements for a detailed land c¢lassi-
fication of new lands. This was done, even though all of the Shamalan Unit
Project lands have been farmed under irrigation for many years. For example,
the frequency of logzed and sampled soil profiles in the Shamalan Unit
classification averaged approximately one per six hectares (15 acres) as
compared with the USBR minimum requirements of one per 16 hectares (LO acres)
on new lands.and one per 65 hectares (160 acres) on fully developed or highly
uniform new land areas. Deep borings of three meters (10 feet) or more ave-
rage approximately one per LO hectares (100 acres) as compared with the mini-
mum USER requirement of one per 2,225 hectares (5,500 acres) for new lands
end one per L,L50 hectares (11,000 acres) for developed or highly uniform
new lands. Laboratory tests and analyses were performed on a correspondingly
intensive scale,

Traverses never exceeded 300 meters (990 feet, or 3/16 mile) except on large
areas of obviously nonarable lands, and averaged approximately 200 meters
(720 feet, or 2/16 mile). Spacing of traverses and frequency of soil borings
were greatest in the lower classes of arable land as the class 1 lands and
large tracts of obviously class 6 lands were considerably more uniform in
character than the areas predominantly class 3 and class 2.

Classification Specifications

The land classification specifications which were used in the Shamalan Unit
were developed by the Project Plamning Division of the USBR team in Bost.
They are based on a correlation of the physical factors of soil topography
and drainage with land development costs, production costs, and anticipated
erop production under irrigation farming, assuming a full water supply and
improved agricultural practices, as discussed in the Agricultural Feonomics
Appendix.
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The specifications are divided into two parts: Part A, "Present Conditions"
and Part B "Conditions Following Project Development". Part A depicts the
specifications applied in the field land classification of the Unit, reflect~
ing existing land conditions. In general these conform with those outlined
in Volume V of the Bureau of Reclamation Manual except that modifications
have been made in allowable limits of salinity and pH. These changes were
based on studies of the lands and crop conditions in the Unit and fit the
classes as defined. Certain factors in the general specifications are not
applicable in the Shamalan Unit, including dept! to shale or rock, depth

to penetrable lime zone, and rock clearing. Non» of the lands are underlain
by shale or rock formations within applicable do;»shs; none of the soils have
discernible lime accumulation zones; and no roc:: ~learing will be required
on the project lands, Very limited information was available for use in
evolving land development costs and potential productivity of the Unit lands,
hence factors related to these items were based almost entirely on estimates.
The only significant positive information on productivity was that derived
from results of wheat yield and related economic studies conducted jointly
by economic and land classification personnel in 1965. In these studies
typical tracts of land classes 1, 2, 3 and 6, as being mapped in the detailed
land classification, were selected, yield measurements were made, and informa-
tion was obtained from the cultivators relative to nroduction practices,
costs, and related economic considerations. The results of these studies
bore out the separation of classes as heing mapped on the basis of produc-
tivity under present conditions.

Part B of the land cla :ification specifications sets forth the limits for
the final land classes following development or under full pioject conditions.
Only noncorrectable deficiencies are considered in this part of the speci-
fications and no development costs are indicated., This part of the speci-

fications is applied in showing the potential economic land class after
requirements for development measures including drainage, land leveling,
leaching, gypsum application, etc. have been met. The land classification
specifications are presented in Table L.

General Description of Land Classes

Land Classes Under Present Conditions

Class 1 - Arable. Class 1 lands are highly suitable for irrigation farming
in every respect, capable of providing sustained and relatively high yields
of a wide range of adapted crops at reasonable production costs. They have
smooth surfaces and are nearly level to gently sloping, with maximum slopes
of less tnan one percent. The soils are deep, with moderately fine to moder-
ately sandy textures; mellow open structures, allowing easy penetration of
roots, air and water; have free drainage, yet have good water holding capa=-
cities; and are free from harmful accumulations of soluble salts or exchange-
able sodium. Soil, topography, present water table levels and understrata
conditions are such that no specific farm drainage requirements are antici-
pated. Erosion hazard from irrigetion is minimal and land development can
be accomplished at relatively low costs,
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Class 2 = Arable. Class 2 lands are moderately well suited t» irrigation
agriculture under present conditions, but are of measurably lower productive
capacity than class 1 lands because of slight to moderate deficiencies in
one or more of the factors considered in the classification. The bulk of
the class 2 lands in the Shamalan Unit were so classed because of inter-
mediate levels of salt and/or exchangeable sodium, frequently associated
with drainage problems. These conditions, if allowed to persist, will de-
crease crop yields, but are correctable at reasonable costs to class 1
levels. VWhen correction has been fully accomplished these lands will have
class 1 productivity levels. However,in the interim period yields will be
lower than for class 1 lands and additional ex.er.ses for correction will be
incurred.

A lesser part of the class 2 lands have shallower soils, coarser soil tex-
tures, higher leveling costs, and less favorable drainage characteristics
than are permitted in class 1 lands. The drainaze and topographic deficien-
cies in class 2 lands are correctable at reasonable costs.

Class 3 - Arable. Class 3 lands are suitable for irrigation development

but are restricted to near marginality because of more extreme deficiencies
in soil, topographic and drainage characteristics than are permitted in
class 2 lands, The limitation(s) may consist of a single greater deficiency
in one of the factors, or may be the result of two or more factors of class
2 magnitude. The bulk of class 3 lands have smooth topography, favorable
soil textures and depths, but have moderately high concentrations of salines
and exchangeable sodivii, frequently aggravated by inadequate drainage con=
ditions. The remainder of the class 3 lands have either limiting soil
depths, coarser soil textures than are permitted in class 2 lands, or topo-
graphic deficiencies which can be corrected by leveling. Where deficiencies
in the class 3 lands (present conditions) are correctable, costs will be
moderately high but within the limits of economic feasibility.,

Class 6 - Nonarable. Class 6 lands include those considered permanently
nonarable because they do not meet minimum requirements for other classes
of land. They also include small isolated arable tracts within class 6
areas not large enough to warrent segregation. Class 6 lands consist of
those having strongly saline-sodic soils, shallow soils over gravel or sand,
excessively coarse textured soils, unfavorable topography, excessive drain-
age deficiencies, and include the sand dune areas lying within the Unit
boundaries.

Class 6 lands include L,497.2 hectares (11,112.7 acres) of land now irri-
gated, and 8,110,7 hectares (20,115.8 acres) which are not irrigated.

Land Classes Following Development

As previously stated, this part of the classification shows the potential
economic land class following full development of the lands and considers
noncorrectable deficiencies only,



Class 1 - Arable. Class 1 lands potentially meet the same requirements
outlined for class 1 under present conditions. They will include, however,
all lands that can be brought to meet class 1 specifications through leach-
ing, use of calcium amendments, provision of required drainage facilities,
land leveling and any other required reclamation measures. It is estimated
that all of the lands places in class 2 and 90% of those placed in class 3
due to salinity, exchangeable sodium and/or drainage deficiencies will be
in class 1 following development and reclamation,

Class 2 - Arable. Lands in this category include those lands meeting the
requirements for, but permanently limited to, class 2 capabilities because
of noncorrectable topographic deficiencies, soil depths and textures and
saline=-sodic soils that can be raised from their present class 3 status

to class 2 level by reclamation., It is estimated that 10% of the lands
placed in class 3 due to salinity, exchangeable sodium and/or drainage
deficiencies will be in class 2 following development and reclamation.

Class 3 - Arable. These lands are permanently limited to ¢lass 3 because
of noncorrectable deficiencies, including soil texture and depth, and non-
correctable topographic deficiencies.

Class 6 = Nonarable. Class 6 lands are those classed as permanently non-
arable because they do not meet the minimum requirements for the arable
classes.

Description of Subelasses

As described earlier in this appendix, the field land classification of the
Shamalan Unit was based on and depicts existing land conditions. The classi-
fication is also being interpreted as to potential land classes and land sube
classes following full development of the landse

The land classification of the Unit showing present conditions includes the
delineation of class 1 land and 10 subclasses in classes 2 and 3. The sub-
classes were delineated and so desigmated to show the deficiency factors

of “gh, wgM and td" for soil, topography and drainage.

The land classification tabulation showing the potential land classes and
subclasses includes class 1 and 0 subclasses of classes 2 and 3. The sub=
classes were designated to show the deficiency factors of "s" and 't!,

No drainage deficiencies will remain in the irrigable lands after project
developmsnt,

Class 1. Lands designated as class 1, under present conditions, comprise
20,7 percent of the project irrigable area. These lands are largely located
on the second terrace level. They have no limiting soil, topographic or
drainage deficiency. The soils are deep, moderately fine to moderately
sandy textured, with medium textures predominating, have good physical
characteristics and have good moisture holding capacities, They are free

- 10 -



from harmful concentrations of salts and exchangeable sodium and have no
limiting drainage problems. Their topozraphy is smooth with nearly level
slopes.

Lands categorized as class 1 following drainage and reclamation comprise
93.2 percent of the Unit arable lands. These, in addition to the lands in
class 1 under present conditions, will include those now affected by
limiting concentrations of salines and exchangeable sodium and/or drainage
deficiencies which can be reclaimed. Following reclamation they will meet
the requirements of class 1 as described under present eonditions. It is
estimated that all of the lands placed in class 2 and 90 percent of the
lands placed in class 3 because of salinity, alkalinity, and drainage de=~
ficiencies will become class 1 after project development.

Subelass 2sa. This subclass includes 41.5 percent of the Unit irrigable
lands under present conditions. They mect the specifications for class 1
lands except for moderate concentrations of salts and/or exchangeable
sodium, frequently associated with drainage problems, Typically this sube
class consists of lands where saline or alkali spots are interspersed with
salt- and alkali-free lands in a heterogenesus pattern. Crop yields on
these lands may be reduced by up to 15 percent below class 1 levels, due

to salt and exchangzeable sodium conditions. All lands classed as subclass
2sa under present conditions are reclaimable at reasonable cost, and are
potentially class 1 lands following project development and reclamation.
Lands placed in subclass 2sa following project development include ten
percent of those classified as 3sa and 3sd under present conditions. Their
capabilities and limitations will be similar to the lands classified as 2sa
under present conditions. They comprise 3.0 percent of the total irrigable
lands.

Subclass 2sd, This subclass comprises 3,7 percent >f the Unit irrigable
lands under present conditions. These lands have moderate limiting drainage
and salt problems sufficient to lower their productivity to class 2 levels.
They are reclaimable, at reasonable costs, to class 1. No lands were cate-
gorized as 2sd after project development.

Subclasses 2sk, 2st, and 2sv. These three subclasses comprise only 0,8,

0.1 and 0.5 percent respectively of the total irrigable lands of the Unit
and thus are not of sufficient significance to warrent detailed description.
Subclass 2sk lands include lands with soils shallower to gravel than are
permitted in class 1 but meet class 2 requirements; subclass 2st lands have
a combination of minor noncorrectable soil and topographic deficiencies
limitinz them to class 23 and 2sk lands have soils with sandier textures
than are permitted in class 1 but meet class 2 requirements. These lands
will be in the same respective subclasses after project development.

Subclass 3sa. This subclass comprises 22,7 percent ~f the Unit irrigable
lands under present conditions. They have either general moderately high
levels of salt and/or exchangeable sodium concentrations which limit crop
yields to class 3 levels, »r have sufficient highly saline and sodic spots

-4l -



interspersed with relatively salt- and alkali-free soils to limit overall
production t> class 3 levels, as defined in the land classification speci=
fications. These lands meet class 1 specifications in all other respects.
Approximately 90 percent of these lands are fully reclaimable to class 1
levels and the other 10 percent to class 2.

Subclass 3sds Subclass 3sd lands under present conditions, constitute 7.4
percent of the Unit irrigable lands. They have maderately severe combina-
tions of drainage deficiencies and salt or exchangeable sodium concentrations
which limit the present productivity t> class 3 levels. In other respects
they meet class 1 specifications. The deficiencies in these lands are either
totally or partially correctable. Approximately 90 percent of these lands
are reclaimable to class 1 and ten percent to class 2 levels.

Subclasses 3sk, 3st and 3sv. These subclasses constitute only 0.9, 0.9,
and 9,7 percent, respectively, of the total irriszable area of the Unit.
Subclass 3sk includes shallower soils over gravel than are permitted in
land class 2 and may have moderate amounts of gravel throughout the soil
profile; subclass 3st inecludes lands with combinations of noncorrectable
soil and topographic deficiencies which limit them to permanent class 3
status. The soil deficiencies include limiting depths and sandy textures
and the topographic deficiencies are related to field size and shapes.,
Subclass 3sv lands have sandy textured soils which limit their productive
capacity to class 3 levels,

Table 5 presents a tabulation of the arable lands by classes and subclasses
under present conditions for each division and for the total Unit. Table 6
presents a summary of the potential arable land classes and subclasses by
hectares and acres following project development for the entire Shamalan
Unit.

- )2 -



0°9E6°€9 | B8°STT0Z| L°ZTTTT| 9°L0L°ZE | 8°L9°0T| $°8Tz 0°T62 8°027°z §$'9l2 O-TTI¢L B TLZTST | $76ST T°TT  2°922T T°$S2 6°€6S°ET | 0°88L°9 saaoy

STWLBtsz | LTOTI®8 | ZTLEWM | MU9LZCET | 67806 | 78R LTLTT 9%6L6  6°TIT £°TIO VC08T‘9 |6°29  LT9T €796 ZUEOT £°TOS‘S |T-LwLSz seaeqosy
IIN NVIVHYHS — STYI0L

ToLIG6T | €7986°8 | WULSYY | TUERE'9 | 2°SETT | TUEET L%z WULE. TUEE 6°M06°T TTEYE (M9 T'0 LA 20l 8 90c€ | 0°LES §320Y¢

9°080‘8 L*9E9°E | 8°%88°T | 0°655°C | T°%98 6°¢S 80T T°ST TET 6°0LL | 9TLLYT |97z - 7°80T  %°8¢ 2°8LC°T |€°LTe saxel09y
NOISIATA NYIVWVHS HIAOS

TOLTLILT | 77L62°% | 9°9T2°C | T-€02°OT | $°22€‘C | 2°28  $°€T2 9°€89  2°25T O°T6Tz 77898°C | 8'UMT 672z TUSLS 6786 L €e0‘C |£°zTO‘C saaoy

0°0L1¢L To6€L°T | LUTOE'T | T62TY | S™MECT | 27€C 198 9794z 9°T9  L°988 | S°S9S°T |8'6S €6  L'z€z  0°OY L°€22°T | T°6T2‘T saaeoey
NOISTAIQ NYIYWVHS ISvd

L°SSTTe | €7262'S | 6°TSS 2 | S TTE‘CT | 8*sey | - 8°Te  L*W29°T L6838  9'8Wsfz | 87L20°9 | - Z°8T 8l 6798 6°5L9°S |8°866°C saa0y

9°19¢‘8 L thtee N 8°ZEOT | T°L8E‘S |o*WElT | - 88 §°L99  £79€  MUTEOCT | §téevtr | - WL €°00T  8°ME 0762z | 9°€TeT seamqoey
_ NOISTAIG NYIVAVHS ISAM

6°560°S 8°6£5°T m 4°989 77698z | 2506 '€ 0%6C  T°SL T §796L | €MeLT €01 98¢t nL8S ‘T [6°6€T saI0y

£'290%2 z°ee9 _ 6°Llz Z°T9T°T | €799¢ €T  LTT Troe 9°0  €£zee | 8°L69 $°0 675 KA S T°L6 §aIe308y
: | NOISTAIQ NYIYAVHS HIHON

PaTITISSELD 9 ss2r) _ geely  STamav ¢ SeRl0 A0 98¢ PeC ASE  =Sg Z SSeT)  ASz 35z psg %8z eS¢ T
=391 Fraatuoy peqedraar 12107 12307 18107

S9SS®TOQNG pU® S8SSel) DUT]

SUOTFTPUO) JUBSAIy

UOTIBdTITESRT) Pu®r] JO SqTnsay

¢ ITEYL

43



TABLE 6

Results of land Classification
Following Project Development

Arable Land Classes and Subclasses

Land Class or Percent of
Subclass Hectares Acres Arable Area
Class 1 12,336.6 30,483.7 9342
2sa, 399.0 986.0 3.0
2sk 103.2 255.1 0.8
2st 16.7 h.1 0.l
2sv 62.9 155,k 0.5
Subtotal Class 2 581.8 1,h37.9 Lol
3sk 111.9 276.5 0.8
3st 117.7 291.0 0.9
3sv 884 218.5 OeT
Subtotal Class 3 318.0 78640 2.l
TOTAL, Arable 13,236.L 32,7076 100.0

Determination of Irrigable Area

Al)l of the arable and a sizable part of the nonarable lands in the Shamalan
Unit are now irrigated. Project water will be provided for essentially all
of the lands of the thres arable classes, excluding only a few very small
areas that occur in bodies too small to be included in farm units. Engin-
eering studies indicate that approximately six percent of the lands will be
taken up by rights-of-way, etc., but that juis which will be leveled and
become project lands now occupy about two percent of the arable area. There-
fore, the irrigable area was determined by deducting four percent from the
total arable lands.

Results of Selection

The project irrigable area is the part of the arable acreage which will be
included in farm units and for which project water will be provided. The
farm unit boundaries have not as yet been determined. A summary of the
irrigable acreage figures reflecting potential conditions following project
development is presented by hectares, acres and percent of irrigable area
in Table 7 "Summary of Irrigable Area" which follows.,
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There are lj,497 hectares (11,112 acres) of irrigated class 6 lands (class
6W) within the project area. Capacity will be provided in the irrigation
system to supply water to these lands on the same basis as prior to project
development. They will not, however, be provided with any additional pro=-
ject facilities.

TABLE 7

Summary of Irrigable Area Following Project Developrent

Shamalan Unit

Land Class or Irrigable Irrigable Percent of
Subclass Hectares Acres Irrigsble Area
Class 1 11,843.0 29,26l .14 93.2
2sa 383.1 9L6.7 3.0
2sk 99.1 2)4)4.9 008
2st 16.0 39.5 0.1
2sv 60-’4 1’-1903 005
Subtotal Class 2 55846 1,380.4 b.h
3sk 1074k 2654l 0.8
3st 113:0 2793 0.9
3sv 8L 209,8 0.7
Subtotal Class 3 305.3 754.5 2.4
TOTAL 12,706.9 31,399.3 100,0

Total Unit Land Area

A total of 25,87L.5 hectares (63,936.0 acres) was classified in the Shamalan
Unit land classification. Of this, 12,706.9 hectares (31,339.3 acres) were
classed as irrigable and will be divided into farm units., In addition to
the irrigable land the gross area includes 4,L497.3 hectares (11,112,9 acres)
of class 6 land now irrigated (class 6W), 529.6 hectares (1,308,3 acres)

for rights-of-way, etc., and 8,140,7 hectares (20,115.8 acres) of nonirrie-
gated class 6 lands,

Conclusions

Suitability for Development

The Shamalan Unit is suitable for development as an irrigation project. The
irrigable lands are capable of sustaining good production under irrigation,
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provided the necessary improvements in agricultural practices are effected.
Additional construction, rehabilitation, and operation and maintenance
costs can be justified by increased returns from the land.,

Soils

The soils are generally deep, of moderately firm to moderately sandy tex-
tures, with medium textures predominating. They are river terraces which
have been deposited by the Helmand River.

Topography

The project area consists of a relatively uniform, very gently sloping to
nearly level river terrace paralleling the Heluaad River with an average
north-south gradient of approximately 1.3 mete:rs per kilometer (6.9 feet
per mile). East-west gradients are nearly level. Ieveling costs will be
low to moderate on the arable lands to achieve efficient irrigation water
distribution.

Drainage

Although the majority of the lands are now affected by drainage problems,
the irrigable lands in general have favorable drainability characteristics.
The open, porous gravel understrata underlying the soils of the Unit will
provide excellent internal drainage. Surface wastes will not create a
serious problem and can be effectively removed by the planned drainage
system. Drainage requirements can be met at reasonable cost.

Other Features

The irrigable lands of the Shamalan Unit are not susceptible to flooding.
All of the lower-lying lands which would be subject to periodiec flonding
have been excluded from the arable lands. Flood control is therefore not
considered a problem.

Supporting Data

The following supporting data of the land classification investigations for
the Shamalan Unit are on file in the Bureau of Reclamation office at Bost,
Afghanista.n.
(1) Land classification field sheets and soil profiles.
(2) Soil laboratory analyses data, including total soluble salts, pH,
lime, mechanical analysis, hydraulic conductivity rates, analysis
of saturation extract for soluble cations and anions, exchangeable
sodium (milliequivalents/liter and $) cation exchange capacity.
(3) Water analysis, results from the Helmand River, Nad-i~Ali Wasteway,
and drains within the Unit.
(k) Area tabulations by land classes, reported in hectares and acress \\\*
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Appendix B

DRAINAGE

General

In general, lands classified as irrigable in the Shamalan Project area have
good to excellent drainage characteristics, An excellent drainage aquifer
underlies practically all of the project area. It is defined as the zome
above the effective horizontal drainage barrier through which most of the
ground water movement occurs, In the Shamalan Project area this zone extends
from the top of the ground water table down to 8-12 meters (26-39 feet) below
the ground surface,

Over practically all of the project area the drainage aquifer is comprised of
two parts, The uppér part is a stratum of loam to loamy sand material 2-4
meters (6.6-13.0 feet) thick encountered 2-l meters below the ground surface.
The lower part is a stratum of unconsolidated rounded and subrounded gravelly
material usually with a loamy sand or sandy matrix, This part of the drainage
aquifer is 6-8 meters (20-26 feet) thick and generally overlies a sandstone
stratum encountered 10-12 meters (33-39 feet) below the ground surface. In a
few places it overlies a stratum of conglomerate material 8-10 meters (26-33
feet) below the ground surface., Deep exploration holes showed the sandstone
stratum to be more than 30 meters (98 fest) thick.

Both the sandstone and conglomerate strata constitute effective horizontal
drainage barriers,

Permeability rates in the upper part of the drainage aquifer range from 2-10
meters per day (3.3-16.L inches per hour), increasing with depth. The lower
part of the drainage aguifer has permeability rates on the order of 10-50
meters and higher per day (16-82 inches per hour).

There is little indication of vertical drainage barriers within the drainage
aquifer, and shallow horizontal drainage barriers above the gravelly stratum
apparently do not affect extensive areas of irrigable lands, Over practically
all of the project area there should be no critical resistance to movement of
ground water downward and toward existing and proposed drains.

Effective open drains can easily be constructed to depths of 2-4 meters, (7-13
feet) in stable material with bottoms of drains being in and over strata that
offers noncritical resistance to movement of ground water upward into drains,

On irrigable lands, the soil surface infiltration rates are low to moderate,
If reasonably good irrigation and water management is practiced, leaching can
be accomplished without excessive additions to the ground water table.

Because of the good to excellent guality of the irrigation water supply, the
leaching requirement is only about 10-15% of irrigation input,
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The project arca has & relatively uniform and gentle slope down the valley,
with few excessive irregularities to causc accumulation of surface and ground
water, Most project lainds are situvated rclatively high above outlets to the
river, and the general slope of the land permits orderly layout and construc-
tion of adequate distribution and drainage systems with gravity flow. Due

to low rainfall intensities and the gentle slope of the.lands, surface drainage
and protection of project works from storm runoff is not a significant problem.

Some undesirable characteristics of the Shamalan Project area which create
drainage problems and make the cost of drainage and development higher do
existe The drainage system requires long outlet drains because of the short-
age of suitable outlets to the river, the gentle slope of the lands, and the
position of the lands in relation to the Shamalan Canal and the river, Some
potentially good areas have such location, slope and elevation that adequate
relief by drains with gravity flow is not possible, The general direction of
ground water movement is along the river valley, not toward the river, Over
large areas under present conditions the ground water has to travel more than
10 kilometers (6 miles) befors reaching an effective drain or the river,

The location of existing project facilities, such as the Shamalan Canal and
most major outlet drains, hinders orderly planning and results in more expen-
sive construction of an adequate drainage and distribution system.

The operation of the Marja and Nad-i-Ali Projects creates drainage problems

in the Shamalan Project aresa, Operational waste water and subsurface drain
water from these projects flows across the Shamalan Valley in two major
wasteway-outlet drains. The Marja Wasteway in particular interferes with the
movement of ground water down the river valley, and seepage from this wasteway
adds to the ground water table.

High runoff of the Helmand River during the spring raises the level of the
river significantly, more than 1.5 meters (5 feet), thus affecting drainage

of lands near the river and restricting flow of outlet drains where they empty
into the river. Present operations of Kajakai Reservoir for flood control
substantially reduce duration of high level flows below the reservoir, How-
ever, the high rate of sediment deposition in the reservoir will greatly
reduce its effectiveness for flood control in the future.

Existing Drainagc System

General. The existing drainage system consists mostly of outlet drains con-
structed in topographic lows that meander along the river valley. Few lateral
interceptor or lateral relief drains to intercept the water table slope have
been constructed. The location of all existing drains is shown on Project Map,
Drawing Nos. 501-130 through 13L.

The outlet drains were built to conform to the existing jui system. They serve

as combination outlet and relief drains and give fairly adequate drainage
protection to most lands adjacent to the Shamalan Canal which receive adequate
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waters On some of these lands, irrigation and resultant deep percolation
losses are excessive, The existing drainage system provides little relief to
lands more distant from the Shamalan Canal,

Engineering surveys and observations show most existing drains have bottom
widths too wide, 2-L meters, and side slopes too flat, 2,0:1.0 to 3.0:1.0.
Recent construction and maintenance in the Shamalan and Darweshan areas indi-
cate that, in most areas, material in which the drains have been excavated
will permit side slopes of 1.5:1.0 to 1.0:1.0.

The excessively wide bottom width causes poor flow characteristics with re-
sulting increass in sedimentation and vegetative growth, Proper bottom widths
would create higher velocities, thus carrying out sediment and restricting
vegetative growth,

In summary, because of the type of design and construction, existing drain
costs were higher than necessary due to excessive excavation, more land was
taken out of cultivation than needed, maintenance costs are increased, and
drains are not as effective as they should be,

Observations indicate that during most of the year nearly all drain flow re-
sults from subsurface water coming in from the drainage aquifer through the
bottom of drains, During the "drain-out" periods all of the flow is from this
subsurface source. Inspection of the drain cross section also shows that there
are no shallow horizontal drainage barriers above the drain bottoms,

Drain Outflow

Most drain flow measurements were made during drain-out periods when the
Shamalan Canal was closed. During the period of investigation there were

three drain-out periods: December 8, 196 ~ February 12, 1965; December 12,
1965 - January 26, 1966; and December 22, 1966-= February 16, 1967. Represent-
ative drain flow measursments are shown on the following pages.

These measurements indicate that total outflow of subsurface drainwater from
the drainage system during the drain-out period December 22, 1966 to

February 16, 1967 varies from 1.27 to 3.5L cubic meters per second (L5 to 125
cubic feet per second), Presently about 15.58 cubic meters per second (550 cfs)
of irrigation water is delivered to the project area on a sustained basis.
There is probably some additional outflow of ground water directly to the river
Wwhich cannot be estimated accurately., Total outflow of ground water from the
Project area is greatest when water tables are highest during the early spring,
and from November to the start of the drain-out period, The outflow of ground
water is at a minimum during the last part of the drain-out period and during
the summer when ground water table drops significantly because of high evapo-
transpiration. It is notable that cleaning vegetation from Drain "Cn, Station
No, 9, resulted in an increass in drain flow from 0,11 to 0.15 cubic meters

per second (4.0 to 5.7 cubic feet per second) from the beginning to the end of
the drain-out period,
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Outlet Drains

Generally the location and position of most of the outlet drains make them
less than fully effective in collecting ground water directly from the
drainage aquifer, since they do not cross or intercept the general ground
water slope, However, some of the outlet drains, "D, “E#, "G" and "H", are
more effective in collecting water directly from the drainage aquifer, because
they are positioned in good topographic lows. These drains have an average
depth of about 2,5 meters (8,2 feet) and fairly uniform bottom grades with a
?éoge of ?bout 0,0012, Effective depth of the drains averages about 2.0 meters
«6 feet),

Other outlet drains, "B", "C" and "F", collect and dispose of considerable
quantities of ground water, which is especially significant considering their
location, position, shallow depth, slope, and condition of maintenance. The
main accounting for the relatively high drain flow is the apparent high trans-
missibility (thickness times permeability) of the drainage aquifer underlying
the project area, Another reason could be excessive additions to the ground
water table through deep percolation from irrigation of lands adjacent to the
canal and seepage from the Shamalan Canal, Most lands near the canal are
irrigated heavily and laterals, sublaterals, and farm ditches run almost con-
tinuously during most of the irrigation season,

Outlet drains "A", "D", "EM, "G" and "H" were constructed deep enough through
most sections, but long segments of the other outlet drains, "B", "C" and "F",
are less than 2 meters (6.6 feet) deep. Their effective depth is further
reduced by the deep flow of water in the drains, primarily due to poor flow
characteristics resulting from vegetative growth, obstructions, excessive
bottom width, and irregular bottom grade., With proper maintenance and a
limited amount of rehabilitation, the flow characteristics could be greatly
improved.

The Zarest Drain and Zarest Drain Spur 1 are very effective in collecting and
disposing of ground water, although the large area they serve receives a
limited amount of irrigation water and correspondingly small deep percolation
and seepage losses. Seepage from the Marja Wasteway causes ground water flow
down the valley toward the Zarest Drain,

Through most of its length the Zarest Drain has an effective depth of about

1.8 meters (5,9 feet) and a bottom grade of 0,001, Outflow of the drain during
most of the year is about 0.1l cubic meter per second (5 cubic feet per second)
and consists mostly of subsurface drainwater since there is no surface waste
from irrigation in this water short area. The effectiveness of the Zarest
Drain indicates that drainability of the western part of the project area is
good. This, together with water table studies, deep hole drilling and sampling,
and permeability tests, supports drainage plans for providing drainage pro-
tection to irrigable lands lying toward the western side of the project.



Lateral Drains

Lateral drain "B - Spir 3" is the only effective lateral drain that has been
built. It gives excellent drainage protection to the adjacent lands that
receive a nearly adequate irrigation water supply. It is the best example

in the project area of how effective lateral drains can be if they are de-
signed, located and constructed properly, It has a length of 1,168 meters
(3,832 feet), an average depth of about 3 meters (9.8 feet) and a bottom

grade of ,0003, Water table observations show that its range of effectiveness
is wide, as water tables about 1,000 meters (3,281 feet) above it and 500
meters (1,640 feet) below it are generally in gravelly material more than two
meters below the ground surface. Maximum ground water outflow from lateral
drain "B - Spur 3" is about 0.65 cubic meter per second (2.3 cfs). Effective-
ness of lateral drain "B - Spur 3" greatly influonced the lateral drain re-
quirement determinations made through this investigation.

Lateral drains "1", 2" and "3" emptying into Outlet Drain "B" are not ef-
fective in collecting ground water since the land between them receives
practically no irrigation, Also, drain "3" is blocked by high level flow in
Outlet Drain "B" resulting from constriction of flow due to an inadequate
Size culvert at the road crossing below confluence of "B - Spur 1",

The lateral drain, named "Outlet Drain F - 1%, emptying into Outlet Drain "F®
does not collect and remove any ground water since it is practically level
and its effective depth is less than 1.0 meter.

Lateral drains in the Zarest area, emptying into the Marja Wasteway are
practically ineffective due to their shallow depth of laess than 1,0 meter,
alinement with ground water slope, and the fact their outlets are blocked by
high flow level in the Marja Wasteway during most of the irrigation season.
The water level through some sections of the Marja Wasteway in the Zarest
Area is actually higher than adjacent lands during most of the year,

It is notable that during the shutdown periods when Boghra Canal water is
shut off from the Marja Project, the water level in the Marja Wasteway falls,
permitting the wasteway and the lateral drains emptying into it to function
as relief and interceptor drains to lower the ground water table in the
Zarest area, Measuremsnts of drain flow show that during drain-out periods,
the Marja Wasteway above Outlet Drain "F" intercepts, collects, and carries
out ground water at the rate of 3.3 cubic meters per second (11,7 cubic feet
per second),

Conclusions

Although the existing drainage system is not laid out, designed, and con-
structed properly, and generally is in a poor state of maintenance, it is
effective in collecting and disposing of ground water to provide fairly
adequate drainage protection to nearly all lands adjacent to the Shamalan
Canal, which presently receive most of the irrigation water for the project
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areca, The existing drainage system cannot give adequate drainage protection
to large areas in the West and South Divisions which are far removed from the
existing drains, Most existing drains could be made much more effective if
flow characteristics were improved by cleaning and shaping bottom cross
sections,

Although the existing drainage system is effective in collecting and disposing
of ground water, much more drainage protection could have been realized if

the drains had been constructed diagonally southeasterly toward the river
with sufficient grade to maintain velocity of flow. Drains in this alinement
would cross or intercept the general ground water slope and be fully effective
in collscting and disposing of ground water,

The existing drainage and distribution system interferes greatly with orderly
planning of a proposed adequate drainage and distribution system, It will be
costly in much of the area to construct an adequate system to the existing
facilities as they are now located. Had the Shamalan Canal been located
toward the west side of the project area, there would have been little need
for outlet drains which have taken land out of cultivation and added un-
necessarily to construction and maintenance costs,

Effect of Marja and Nad~i-Ali Projects. Drainage of project lands is affected
in areas where wasteways from the Marja and Nad-i-Ali Projects cross the
Shamalan area, The Marja Wasteway creates drainage problems in the southern
part of the project area by restricting ground water movement down the valley,
and by adding to ground water through seepage. During much of the year, the
level of water in the Marja Wasteway is actually higher than surrounding
lands. The Marja Wasteway crossing of Shamalan Canal is not adequate to
handle present flows and without expensive rehabilitation the wasteway cannot
be used to remove additional drain and waste water flow resulting from planned
increased water supply,.

The Nad-i-Ali Wasteway is located and positioned so that it aids drainage in
the project area., It provides an outlet for Outlet Drain "A" and probably
provides some other drainage relief since it intercepts the ground water slope
down the valley.

There is probably some ground water movement under the desert and into the
project area resulting from sespage losses of the Nad-i-Ali Wasteway on the
desert before it enters the project. Limited studies indicate that ground
water movement under the desert directly from the Marja and Nad-i-Ali Projects
is not enough to significantly affect drainage of project lands after instal-
lation of the proposed drainage system,

Investigations

General

Drainage investigations were made to evaluate drainability of project lands,



determine effectiveness of existing drainage system, estimate drainage re-
quirements for proposed project development, and prepare plans and estimate
cost for an adequate drainage system,

Water table studies were made to determine source, movement and fluctuation
of ground water. Deposition and permeability of substrata were determined
through deep hole exploration and permeability tests, The effectiveness of
the existing drainage system was evaluated through drain flow measurements
and general field observations,

As much use as possible was made of previous investigations in determining
future drainage requirements and preparing plans for a drainage system. How-
ever, most plans and determinations were based on data collected during this
investigation,

Previous Drainage Investigations

Previous drainage investigations of the Shamalan area have been primarily of
a reconnaissance nature, Two reconnaissance soils, irrigation, and drainage
studies have been made of the area by Charles R. Maierhofer, Head, Office of
Drainage and Ground Water Engineer, Bureau of Reclamation, United States
Pepartment of the Interior, The first study was made during the summer of
1953, and, "Drainags anl Related Problems of Irrigation Development in the
Helmand Valley of Afghauistan', with findings and recommendations was pub=
lished in 155Ls In this study, Mr. Maierhofer inspected lards over a wide
area of southwestern Afghanistan, principally lands supplied with water from
the Helmand and Arghandab Rivers, One section of the report is on the
Shamalan branch of the Boghra Canal system, which is referred to as the
Shamalan Unit throughout this report.,

Mr. Maierhofer made a second reconnaissance study of the Helmand Valley Project
during November 1960, at the request of the Project Manager, Bureau of Recla-
mation, The findings of this study, titled, "Helmand Valley Development
Project, Afghanistan, Drainage and Related Problems", was published in April
1961, Both of the above studies covered wide areas in a relatively short
period of time, and only very general observations were made with recommenda-
tions based on experience in other similar areas.

A general drainage investigation was made of the Shamalan area during 1953

by International Engineering Company in conjunction with their general study
and economic analysis of irrigated lands in the Helmand-Arghandab River
Valleys. Discussion of drainage conditions and problems is very general in
their report. Apparently there was no separate drainage appendix published
and much of the basic data and field notes have been lost or misfiled, Based
on information gained from the report and office files, the investigation
would be classified as reconnaissance grade according to Bureau of Reclamation
standards,

Other drainage studies were made in the Shamalan area in conjunction with
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operation, maintenance, and development of the Helmand Valley project. They
included specific problem areas where development was anticipated and were
usually made under the direction and supervision of the United States Bureau
of Reclamation engineers. Basic data from these drainage investigations have
been used in the Shamalan Unit study,

Since completion of the above studies and investigations, some additional
drains and new laterals and sublaterals have been constructed. These facil-
ities have significantly affected ground water additions, movement, and
fluctuations.

Operation of the Marja and Nad-i-Ali Projects has also affected drainage and
operation of the Shamalan areajy

Water Table Studies

Since November 1964, L10 ground water observation wells were established at
succeeding intervals of the investigations to measure depth to water table,
Location of most observation wells is shown on Drainage Investigation Map,
Drawing Nos. 501-151 through 155, Except for established village wells, all
of the observation wells consist of open pits or holes dug with a hand augers
No pipe or casing was svailable for installation in the auger holes and con=~
sequently they were dificult to maintain, Measurements of depth to water
table were made in most observation wells every 3-l weeks during most of the
year, and every l-2 weeks during drain-out periods.

Depth to water table hydrographs of about 25% of the observation wells are
shown on Drawing Nos. 501-1L} through 150, To avoid bias in presenting
observation well data, a hydrograph was made of every other well on alternate
lines across the river valley,

Study of the hydrographs shows that the general water table over the project
area rises during the early spring irrigation season after water is put in
the Shamalan Canal, then drops significantly during the summer due to in-
creased evapo-transpiration, The water table rises during fall and early
winter months and falls rapidly during the drain-out period., Over most of
the project area the water table is generally highest during April and early
December, Rapid fall of the water table during the drain-out period indicates
that the drainage aquifer has a very high transmissibility over most of the
project area, During the drain-out period there is no irrigation; moisture
movement upward or downward through the unsaturated zone is negligible; evapo-
transpiration balances moisture added from precipitation; and ground water
movement and fluctuwation is not affected by seepage from or level of water in
the canals and juis,

The lowering of the water table is especially significant, considering that
over some areas the ground water has to move as much as 10 kilometers

(6 miles) before reaching the ground surface at outlet drains. In some of
the wells nearer the outlet drains, whers both the ground and water table



slope are toward the drains, the rate of fall was as much as 5 centimeters
(2 inches) a day during the first part of the drain-out periods. The flow
level in some outlet drains, particularly the Marja Wasteway, drops signifi-
cantly, resulting in less interference with natural movement of ground water,

A map showing depth to water table over the project area for high water
table period during April 1967 was made, This map, Drawing Nos, 501-138
through 142, also shows water table contours, topography, and location of
existing project facilities,

Seepage and Deep Percolation

Since permeability rates generally increase with depth over the project area,
deep percolation losses from irrigation and seepage losses from the canals,
laterals, and farm ditches are largely influenced by infiltration rates into
and through the upper soil zone. Topography, irrigation practices, and
distribution system operation and maintenance also affect deep percolation
and seepage losses,

Field infiltration tests conducted over the area to determine moisture
penetration rates into and through the upper soil zones gave rates ranging
from approximately 0.2 o 4.0 ¢entimeters per hour (0.08 inch.. to 1.57
inches per hour), aver:ging approximately 1.0 cm/hr (0.39 inch per hour),
Laboratory permeability rates averaged 2/3 the fisld rates. Observations
of farm irrigation showed that infiltration rates and laters’. movement of
moisture is low to moderate. Deep percolation from irrigation, assuming good
irrigation practices, will be from 10-15% of net input, which is sufficient
to meet leaching requirements. Over large areas of the project irrigation
water will have to be ponded to insure sufficient infiltration to saturate
crop root zone and accomplish leaching,

Important data is lacking on seepage losses from the Shamalan Canal., No

data was found on seepage loss measurements and during the investigation
period no ponding tests or flow measurements were made to determine seepage
losses from the Shamalan Canal or lateral canals, Based on data from cylinder
infiltrometer tests, seepage from most sublaterals and farm ditches should

be low to moderate, Seepage losses from Shamalan Canal and lateral canals
could be much higher and excessive in some reaches,

During the spring runoff period, water diverted at the Boghra Diversion Dam

is silt laden, Most of this silt is deposited on the land or in sublaterals
and farm ditches, but a significant portion of it is laid down in the supply
and main lateral canals, Examination of the Shamalan Canal during shutdown
periods showed that it was armoured with silt and other fine materials through
much of its length, although in some reaches it was badly scoured,

Deep Hole Drilling, Sampling, and Testing

Shallow well pump-out permeability tests were conducted at 850 sites from
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June 1965 through April 1967. The test sites were on an approximate 500

meter grid (1,640 feet) over most of the north, east, west, and part of the
south Shamalan Project Area. Where the water tablc was high over broad

areas, the tests were made on a closer grid of about 250 meters (820 fect).
Tests were generally not conducted where the water table was in the gravelly
stratum or more than three meters (10 feet) below the ground surface, Drainage
Investigation Map, Drawing Nos. 501-151 through 155, shows the location of

the above auger hole pump~out permeability test sites conducted during this
investigation, and 50 sites where tests were conducted in previous drainage
investigations,

A gravelly stratum usually encountered about L meters (13 feet) beneath the
ground surface was difficult or impossible to drill with a hand auger. Per-
meability tests made where the gravelly material was augered into showed the
Stratum to have permeability rates on the order of 10-50 meters per day
(16-82 inches per hour) and higher, Permeability at sites where tests were
conducted in zones just above the gravelly material showed very high rates,
which were probably influenced by nearness to gravel stratum. The other
main difficulty encountered in obtaining accurate data from the pump-out
permeability tests was sloughing of fine loamy sand or sandy material into
the auger hole during the test, The use of casing at these sites was tried
without good results, If better casing had been available, the results would
probably have been sati-factory, The tests, however, did show that the 1-2
meter (3.3-6.6 feet) *lici loamy sand or sandy material strata above the
gravelly stratum had pumsability rates ranging from 2-10 meters per day
(343-16.l inches per hour)s

A log was made of the material in the auger holes in instances where no
ground water table was encountered, No pump-in type permeability tests were
conducted, since pump-out type permeability tests in similar materials in
adjacent areas usually did not indicate extensive shallow horizontal drainage
barriers above the gravelly stratum. Also, water table studies and observa-
tion of existing drains showed no shallow horizontal barrier of extensive

area in the project, Very few pump-out permeability test results showed
shallow horizontal drainage barriers, Vhere pump-out tests did show a shallow
horizontal drainage barrier, additional pump-out tests were conducted at the
same sites or sites nearby, The additional pump-out permeability tests always
showed that possible shallow horizontal barriers indicated were not extensive
in area. Sloughing of material into the auger hole during some of the above
tests probably gave results indicative of a shallow horizontal drainage
barrier,

Core Drilling and Piezometer Type Permeability Tests

From October 1965 to March 1966 a core drill was used for exploration into
and through the gravelly stratum. Holes were drilled at 22 sites in the West
Shamalan study area and at eight sites on the desert between the Shamalan
area and the Marja area. A four-inch power auger was also used for deep
exploration at 132 locations. Location of the above core drill and power
auger hole sites is shown on Drainage Investigation Map, Drawing Nos., 501-151
through 155,
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Due to nonavailability of adequate drilling equipment and inaccessability
over much of the area, fewer deep exploration holes were dug into and through
the gravelly stratum than would have been desirable, However, one line of
holes was dug with the core drill on about 500 meter (1,640 feet) spacing
across the central and widest part of the west Shamalan study area., A
multiple profile of the holes along the above east-west line showing strata
deposition and computed permeability rates is shown on Drawing No. 501-1L3,

The method of drilling the core drill holes was to drive casing into the
material, break the material up by churning with a drill bit, and then washing
the broken material to the surface by hydraulics, No attempt was made to
determine permeability of material drilled through by any testing procedure

on holes CD1, CDlA, CD2, and CD3. Much of the gravelly material encountered
wasS very permeable since it was difficult to wash the dug material to the
surface even when the casing was driven into this material,

In order to estimate the permeability of the various strata in the other core-
drill holes, piezometer type permeability tests were conducted. The piezo-
meter type pump-out testing procedurs used was as follows: A hole was dug
below the bottom of the driven casing by churning with the drill bit and
washing the loosened material to the surface. Water was bailed out of the
hole, and a recording was made of the rate of rccovery, or the rate of rise

in the casing. From the estimated dimensions of the cavity below the casing,
the diameter of the casing, and the rate of recovery, the permeability rate
was computed for the material in which the cavity was located,

Permeability rates, as computed, are not accurate since it was impossible to
construct or make accurate measurements of a uniform or natural cavity in
the gravelly material below the casing, Also the churning action of the
drill bit would compact the material and the hydraulic action of the drill
water would wash fine material out of the gravelly stratum. The end result
was that the computed permeability rates could be either very much greater
or very much less than the actual rates, However, the piezometer type per-
meability tests are valuable in that they do give an indication of the
relative permeability of the gravel stratum and probable location of hori-
zontal drainage barriers, Piezometer type permeability tests conducted in
the sandstone below the gravelly stratum show this stratum to be a definite
effective horizontal drainage barrier,

No equipment was available to conduct more accurate tests such as pumping

wells, observing drawdown through observation wells, and computing the average
permeability rates from drawdown and discharge measurements,

Holes Drilled with Power Auger

A four-inch power auger was used for deep exploration at 132 sites in the
project area, Most sites are along lands adjacent to canals and drains since
it was nearly impossible to move the equipment in areas away from roads. The
power auger could not drill completely through the gravelly stratum at any
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site, Usually it would be stopped by large rock about 8-10 meters (26-33
feet) below the ground surface., At most of the sites the power auger was
able to penetrate the gravel stratum 4-6 meters (13-20 feet) without augering
material out of the holes. FEase of penetration indicated that the gravel
stratum was loose and unconsolidated, TFine gravel material augered out at a
few sites usuvally had a loamy sand or sand matrix,

In summary, exploration with the powsr auger and core drill showed that a
Stratum of unconsolidated gravelly material underlies most of the project area.
The stratum is usually -6 meters (13-20 feet) below the ground surface and
6-8 meters (20-26 feet) thick, Logs of the deep exploration holes show the
various strata of materials to be fairly homogeneous in disposition and the
Sandstone or conglomerate strata that constitubes a horizontal drainage
barrier not undulating enough to form vertical drainage barriers, The piezo-
meter type permeability tests, although not very accurate, do show the
gravelly stratum to be heterogeneous as to hydraulic conductivity and water
moving capabilities,

Drainage Requirements

Requirement for outlet Arains can be determined by studying topography and
planning outlet drainz io fit in with existing outlet drains and proposed
lateral canals, Later~l drain requirements cannot be determined as easily
because of the many variable indeterminate factors affecting spacing and
location of lateral drains,.

Principal factors affecting spacing, location, and cost of lateral drains are:
Depth of drain, depth to drainage barrier, permeability of various strata down
to the drainage barrier, and ground water additions, Since open lateral
drains are proposed, lateral draih spacing influences and is influenced by
layout of farm unit boundaries and sublateral canals,

All of the above factors, except permeability of various strata down to the
drainage barrier, could be determined or estimated accurately enough to use
in drain spacing computations, With available equipment it was not possibls
to measure accurately the permeability of the gravelly stratum underlying
most of the project area. However, through deep hole exploration, water table
studies, and observation of existing drainage system functioning, it was
determined that the gravelly stratum has high transmissibility., This stratum
constitutes the lower part of the drainage aquifer described previously,

Considering the characteristics of the drainage aquifer and other factors, it
was determined that lateral drains dug 2.5 meters (8 feet) deep and spaced
500-1500 meters (1,6L0-k,920 feet) apart will provide adequate drainage \\\\
protection by keeping the water table more than 1.5 meters (5 feet) below

the ground surface, Spacing depends mostly on transmissibility and homo-
geneity of the drainage aquifer. Where existing and proposed outlet drains
provide adsquate drainage relief there will be no requirement for lateral
drains,



Width and length of farm units and distance between sublaterals will vary
from 500-1,000 meters depending upon land distribution.

To reduce requirement for rights-of-way, lateral drains, roads, and sublateral
canals should be planned to occupy contiguous strips between farm units where
possible, Construction costs can then be reduced by constructing these
facilities at the same time since material excavated during construction of
the drains could be used to build up the base of roads and sublaterals where

needed,

Considering all of the above factors it was estimated that 91 kilometers \\\\Q
(5645 miles) of lateral drains dug 2.5 meters (8.2 feet) deep will provide
adequate drainage protection to the project after rehabilitation of existing
drains and counstruction of proposed outlet drains,

Lateral drain requirement will be greatest in the West and South Shamalan
Divisions. Planned improvement of existing outlet drains in the North and
East Divisions should substantially reduce the requirement for lateral drains
in these areas,

Requirements for Future Investigations

that more accurate determinations can be made for spacing, location, and
construction of lateral drains. The initial phase of development should
include rehabilitating existing drains and constructing new outlet drains,
Observation wells should be established for water table studiss to determins
effectiveness of improved existing and new outlet and lateral drains. Lateral
drain requirements will be reduced where outlet drain effectiveness is signi-
ficant.

During development of the project, drainage investigations should continuq\i:\J

Additional deep exploration with well drilling equipment is needed to determine
drainage aquifer characteristics,

Transmissibility of drainage aquifer could be more accurately measured if
wells were pumped and drawdown was observed in observation wells,

Horizontal and vertical drainage barriers need to be better defined., It is
possible that a portable refraction seismograph can be used for this purpose.
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Appendix B

PLANS AND ESTIMATES

General

The major engineering features which form the framework of the facilities
that are required for the full development of the Shamalan Unit are shown
on the Project Map Drawings No's. 501-130 through 501-13L4 and on the Key
Map Drawing No. 501-91. They include improvement of the Shamalan Canal,
rehabilitation of the Nad-i-Ali Wasteway and Drain (which provides a means
of introducing additional water into the Shamalan system from the Boghra
Canal), the principal water distribution laterals, and the proposed outlet
drains,

Supply Canals

The Shamalan Canal, which is the only existing supply canal into the Pro-
Ject area, was designed to carry 21.2L cubic meters per second (750 cubic
feet per second). Presently it is operated at a maximum capacity of about
15.57 cubic meters per second (550 cubic feet per second). It is estimated
that a supply canal capaéity of about 27,75 cubic meters per second (980
cfs) into the Project area is required to furnish a full irrigation water
supply during the summer peak demand period to 12,707 hectares (31,399
acres) of irrigable lands proposed to be developed., Most of the nonirri-
gable lands with a prior water right will be supplied with water only during
the spring, fall, and winter months as they are now. )

Planned rehabilitation of the Shamalan Canal to bring it to design capacity
is limited to the protection of drop structures by extending the concrete
transition sections and adding riprap., A reconnaissance survey was made

to determine the approximate yardage of concrete and riprap required at
each structure, Estimated capital costs for rehabilitation of the Shamalan
Canal are $29,000 including 25% for contingencies.

With the Shamalan Canal operating at its designed capacity, there would
still be a shortage of supply into the Project area of about 6.51 cubic
meters per second (230 cfs). This can be solved by improving the existing
Nad-i-Ali Wasteway so that water diverted into it from the Boghra Canal
can be brought into the Project area. The Nad-i-Ali Wasteway (now divert-
ing into the Nad-i-Ali Drain) passes through the Shamalan Project area
carrying subsurface drain and irrigation waste water from the Nad-i-Ali
Project. Flow of the Nad-i-Ali Wasteway during the peak irrigation demand
period is about 1.75 cubic meters per second (62 cfs) of water unsuitable
for irrigation use., Additional water, about 5,92 cubic meters per second
(209 cfs), diverted from the Boghra Canal into the Nad-i-Ali Wasteway,
would result in a mixture of water suitable for irrigation. Total flow of
the Nad-i-Ali Wasteway would then be about 7.67 cubic meters per second
(271 cfs). After supply canal losses, estimated to be about 20%, flow of
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the Nad-i-Ali Wasteway into the Project to meet lateral canal requirements
would be about 6.1L cubic meters per second (217 cfs).

The principal improvement of Nad-i-Ali Wasteway and Drain required to fur-
nish the supplemental water supply to the Shamalan area is cleaning the
existing channel and constructing and reshaping the cross section to hy-
draulic design. Based upon engineering survey data and general observa-
tions it is estimated that 10,7 kilometers (6.6 miles) of the wasteway
would require improvement. Cleaning and shaping the bottom cross section
is estimated to cost $1.60 per liglear meter, and bank stabilization and
construction is estimated to cost $0.60 per linear meter. The total es-
timated capital cost is $21,000 including 25% for contingencies.

Main Distribution Laterals

The plan of development for the Shamalan Unit includes the construction of
the proposcd new West Shamalan Lateral, and the re-design and realinement
of the remaining jui lateral and sublateral system presently serving the
major land segments exclusive of the West Shamalan Division.

The West Shamalan Lateral would divert from Shamalan Canal near the drop
structure at Station 22+610. It is designed for an initial capacity of 6.1
cubic meters per second (215 cfs) from its point of diversion to its crossing
at Nad-i-Ali Wasteway and Drain. After the crossing the design capacity is
reduced to L.7 cubic meters per second (165 c¢fs). At the crossing a struc-~
ture would be provided to divert releases made from the Boghra Canal via
Nad~i-Ali Wasteway and Drain into the West Shamalan Lateral. Releases
carried by the wasteway in excess of the lateral capacity would by-pass the
diversion structure and continue on down the wasteway to Outlet Drain naAM,

From Nad-i-Ali Wasteway and Drain to approximately Station 13+820, the West
Shamalan Lateral would be located along the toe of the escarpment which
borders the western side of the Helmand Valley. From Station 13+820 to its
end, the lateral would follow generally the location of an old existing jui
in the West Shamalan Division.

Soil auger borings were made and test pits constructed for observation of
the materials along the line of location from the beginning of West Shamalan
Lateral to Station 13+820. Logs of materials classification were plotted
on the plan and profile sheets of the proposed location. These studies
indicated that approximately two kilometers of the location would require
lining in reaches along the toe of the escarpment.

Estimates of quantities for the main distribution system laterals are based
upon design criteria obtained from capacity requirements and field location
surveys, and include yardage for excavation, borrow, and compaction. Esti-
mates of quantities, including concrete, structural excavation, compacted
backfill, pipe, and miscellaneous metal were made for control structures,
turnouts, and crossings. All laterals and sublaterals are considered to
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be unlined except for two kilometers of West Shamalan Lateral. Quantities
and prices for lining portions of West Shamalan Lateral are based upon the
use of concrete.

Requirements for acquisition of rights-of-way for the main laterals ard
drainage system were determined but no monetary values have been assigned,
It is the intention of the RGA to purchase the project lands for develop-
ment purposes and after development to re-allocate the lands to the pros-
pective project farmers.

Sublateral Distribution System

Cost estimates for the sublateral system are based upon a paper layout
for a representative area comprising 2,263 acres of the Shamalan Unit.
Structural quantities were developed from this layout for sublaterals,
farm ditches, control structures, turnouts,crossings and surface drains
to arrive at an estimated capital cost of $90 per acre, including 25%
contingencies. This unit cost was projected over the irrigable acreage
of the Project (31,399 acres) to obtain the total project estimated cost
for sublaterals of $2,826,000,

Land Development

Land development costs include leveling of the project lands for efficient
irrigation and the removal of trees from the existing jui banks to permit
leveling of the old jui system to make way for a modern, controlled dis-
tribution system.

Based upon sample layouts, estimated average quantities and costs for land
leveling were developed as follows:

(Metric System)

Average cubic meters of earth to be moved per hectare 350 em
Estimated cost per cubic meter $0.30
Total leveling cost per hectare $105,00

(English System)

Average cubic yards of earth to be moved per acre 185 cy
Estimated cost per cubic yard $0.23
Total leveling cost per acre $L2.50

Leveling of the juis is estimated to cost $18.50 per hectare ($7.50 per
acre).

No capital cost is assigned to the removal of trees from the jui banks as
the salvage value of the wood is estimated to equal the cost of clearing.
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Total estimated capital costs for land development of the Shamalan Unit
are $12, per hectare ($50 per acre) for 12,707 hectares (31,399 acres),
or $1,570,000,

The following is a tabulation of construction costs including 25% contin-

gencies for the distribution system and land development, by divisions of
the Shamalan Unit.

West Shamalan (12,779 irrigable acres)

Laterals $561,000
Sublaterals $1,150,000
Land development $639,000

North Shamalan (2,755 irrigable acres)

Laterals $67,000
Sublaterals $247,800
Land development $138,000

East Shamalan (9,795 irrigable acres)

Laterals $335,000
Sublaterals $861,500
Land development $L89,500

South Shamalan (6,070 irrigable acres)

Laterals $152,000
Sublaterals $5L6,300
land development $303,500

Subtotals - All Divisions

Laterals $1,215,000
Sublaterals $2,826,000
Land development $1,570,000

TOTAL 35,511,000

Drainage System

Existing Outlet Drains. The plan of development includes costs for the
rehabilitation of the existing outlet drains in the Shamalan Unit. The
work would consist of cleaning, reshaping, and restoring to grade the
bottom cross sections; spreading and hauling spoil; rehabilitating exist-
ing and constructing new road cross sections at two kilometer intervals;
the construction of river protection works to lessen erosion of project
lands and drain outlets; and the construction required to lower Marja
Wasteway crossing.
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Cleaning and shaping 118 kilometers of existing

outlet drains i $195,500
Rehabilitation of existing, and construction of new,
road crossings $50, 500
River protection works $27,500
Marja Wasteway crossing at Shamalan Canal $L8 , 000
$321,500
Plus contingencies @ 25% ¥ of total $80,500
TOTAL $L,02,000

New Outlet Drains. Approximately 28.5 kilometers (17.7 miles) of new
outlet drains are planned for construction in the Shamalan Unit. Cost
estimates are based upon the following design criteria: average depth,
3.5 meters (11,5 feet); side slopes, 1:0:1.0; and bottom width, 1.0 meter
(3.3 feet)e An allowance of 25% is made for over-excavation where less
stable materials might be encountered. The adopted unit price for excava=-
tion is $0.30 per cubic meter ($0.23 per cubic yard). Road crossings
utilizing 36 inch reinforced concrete pipe for culverts are estimated to
cost $825 per installation.

Outlet Drain ngn

Length 8,000 meters (Le97 miles)
Excavation $L7,250
Road crossings, L @ $825 $3,300

Outlet Drain nKn

Length 13,200 meters (8.20 miles)

Excavation $77,960
Road crossings, 5 @ $825 $4,130
Crossing under Shamalan Canal $L8,000

Outlet Drain "In

Length 3,600 meters (2,24 miles)
Excavation $21,260
Road crossings, 2 @ $825 $1,650

Outlet Drain "Mn

Length 3,700 meters (2.30 miles)

Excavation $21,850

Road crossings, 2 @ $825 $1,650
Summary

Outlet Drain "Jgn $50,550

Outlet Drain #K® $130,090
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Outlet Drain "Lt $22,910

Outlet Drain uMn $23,500
Subtotal $227,050
Plus contingencies @ 25% $56,950

TOTAL P

Lateral Drainm:. Project costs for lateral drains are estimated on the
requirement for 91 kilometers (56.l miles) with the following design
criteria: average depth 2.5 meters (8.2 feet); side slopes, 1.0:1.0; and
bottom width, 1.0 meters (3.3 feet). Road crossings utilizing 2l inch
reinforced concfete pipe are estimated to cost $5L0 per installation.

The estimated cost for lateral drains is:

Excavation $298,594L
Road crossings (182) @ $5L40 $98,280
Surface inlets (5L46) @ $100 $5L,600
Subtotal ’
Plus contingencies @ 25% * $112,526
TOTAL $561;,000

Unit Prices

Unit prices adopted for determining estimated project costs were derived
from records of actual cost data developed by the Helmand Arghandab Valley
Authority in constructing irrigation works during recent years. Adjustments
were made where applicable to reflect present construction cost trends and
situations.

Unit Prices

Item Unit Price

Structural excavation cubic meters $ 2.60
Excavation from borrow " n 0.40
Excavation for canal " U 0.35
Excavation for surface drains n " 0,30
Excavation for stripping " n 0.40
Excavation for roadway " n 0.32
Trimming earth foundation for

concrete lining " n 0.32
Overhaul kilometer-meter 0.24
Compacting embankments cubic meter 0.L6
Backfill about structures n n 1,00
Compacting backfill about structures il n 3.30
Riprap " n 6.50
Gravel surfacing " " L.00
Sand and gravel bedding for riprap " " L.00
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Ttem

Unit

Price

Concrete in structures

Concrete in canal lining
Furnishing and handling cement
Furnishing and placing reinforcing

Nonreinforced concrete pipe
10"
12"
lh“
181

Reinforced concrete pipe
ghn
36u
L,8n

Miscellaneous metal

Lumber
Class 1
Class 2
Class 3
Class L

Fstimates

Estimates of the construction costs for the Shamalan Unit

cubic meters
L 11

bbls

pounds

per linear meter
1] "t "

n n 1"t
n " ft

per linear meter
tt " 1]

L n n
" ] 1t

per pound

per board foot

n u ]

the Basic Estimate, DC~1l's on the following pages.
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100.00
50,00
7.50
0.20

L.30
5.20
6.72
15.85

23.70
36,70
60,80

0.75

0.0L
0.03
0,03
0,04

are shown in
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Alternate Considerations

The West Shamalan Division is the largest single body of land in the
Shamalan Unit, comprising about 12,300 irrigable acres. It is bounded

on the west by the escarpment and on the east by Outlet Drain upn, the
Shamalan Canal, and OQutlet Drain "F", (See Key Map Drawing No. 501-91,)
It is a body of land which readily lends itself to alternate consideration
of plans for its full development.

Study of the area indicates that an orderly layout of lands to form recom-
mended farm sizes, and provide the irrigation and drainage system which
would be adaptable to both present and hoped-for future farming practices,
could be accommodated by constructing the sublaterals, lateral drains, and
roads parallel and adjacent to each other in a combined right-of-way. Op-
timum spacing requirement of the engineering facilities to form recommended
farm sizes would be 500-700 meters. Lateral dreins dug two to three meters
(6.6 to 8.0 feet) deep on this spacing would provide sufficient drainage
protection to a majority of the project lands. In some areas such spacing
would provide more than adequate protection. In the relative few areas
where the adopted 500-700 meter spacing would not provide necessary drainage,
intermediate lateral drains could be provided and the initial drains uti-
lized to serve as outlets for farm subsurface drains which might be needed.

Development as outlined above would not only insure adequate drainage pro-
tection but would save on right-of-way acquisition and construction costs.
Each farm unit would be provided a lateral drain and road at its upper and
lower boundary. Drains would be accessible for maintenance work by the
farmers themselves, About 200 meters (656 feet) of lateral drain would
have to be constructed and mintained for each 12 hectares (29.6 acres).
Besides providing subsurface drainage relief, each lateral drain would
serve as an outlet for disposing of farm irrigation surface waste.

In view of the above considerations an alternative plan for the West
Shamalan Division would be: eliminate proposed Outlet Drains "J" and
"K", and laterals 39,745, 13.82 and 21.2L; extend existing Outlet Drain
UF' o a point near Station 39+750 on the Shamalan Canal; redesign and
relocate the proposed West Shamalan Lateral from Station 13+820 to skirt
along the western edge of the project lands; and implement the layout for
the sublaterals, lateral drains, and roads, as discussed above, to lie in
common right-of-way about 500-700 meters apart depending upon require-
ments for farm sizing.

Time has not permitted the development of estimated costs of above alter-
nate considerations for the purpose of this report., Studies will continue
and this aspect of the plan will be given further consideration in definite
plan stages.

Further consideration should also be given to the feasibility of construct-
ing concrete~lined sublaterals in connection with the alternate plan.
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Materials excavated in constructing the lateral drains would be suitable
for compacting pads in which to place the sublateral section. Principal
benefits to be obtained from the use of concrete lining would be better
operation and control, reduced maintenance, and significant decrease in
irrigation wastes and seepage losses., Lateral drains would be more
effective and easier to maintain and outlet drains would be required to
carry less flow,

Estimate of the Cost of Operation and Maintenance

The following is an estimate of the probable costs of operating and main-
taining the Helmand Arghandab Valley Project after all of the irrigation
canals, laterals and drains are completed and the 296,100 acres of land
tabulated in Table 1 are completely developed and receiving delivery of
irrigation water,

Due to the shortage of data relative to the cost of operating and main-
taining irrigation facilities in this area, it was necessary to make numerous
assumptions and build up cost information from many sources and revise it

to best fit conditions.

Although the entire 296,100 acres will not be develored for some time and
may possibly never be, it was necessary to use a figure to base the re-
quirements on for ultimate development. A complement of men, equipment,
materials and supplies was assumed as the requirements to opecrate and
maintain the 296,100 acre project. The cost of operating this complement
for one year was the basis used to arrive at the estimated cost of opera-
tion and maintenance per acre per annum,

Using this method, the cost arrived at was $2,73 per acrey $0,75 of which
was for operations and $1.98 for maintenance. The cost figures used for
estimating were based on the present pay scale shown in Table 2. It is
believed that these salaries will have to be revised upward in the future
and this increase could bring the cost of operation and maintenance to
$3.00 per acre.

It is realized that the cost per acre using the acreage in Table 1 as a
basis would be less than using a smaller acreage if total development is
not reached. If the acreage is reduced, the complement of equipment,
labor, supplies and materials could also be reduced broportionately and
the cost per acre would remain approximately the same.

The following is a tabulation of the approximate acreages considered as
the vltimate development and it is this total that is used as the basis
to determine costs per acre. The complement of labor, equipment and
material is also based on the requirements for this acreage.
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TABLE 1

Project Acreage

Kajakai to Shamalan 36,000 acres
Seraj area 35,000 v
Nad-i-Ali 13,000 n
Marja 20,000
Shamalan 40,000 n
Darweshan LO,000 n
North Arghandab 27,000 n
Central Arghandab 68,000 n
North Tarnak 15,000 o
South Tarnak 2,100 o
TOTAL 296,100 acres

Table 2 is a tabulation of the present salaries paid to classified permanent
employees of Helmand Arghandab Valley Region. Code No. 112 indicates the
base pay annually for each grade. Each employee also receives afs, 1,080
per year as a food allowance for the noon meal under Code No. 136. All
classified employees of HAVA receive 50% of their base pPay as an extra for
working in the Helmand Arghandab area. This is paid under Code No. 138.
Another additive under Code No. 133 is the extra pay allowance for educa-
tion., If the individual has completed the 9th grade he receives afs. 6§00 -
extra, 12th grade afs. 1,200, BA or BS Degree afs. 2,400, and afs. 3,600
for a M.A. Degree. This amount is added to the subtotal in column 5 to
get the total salary for each grade for each individual person,

TABIE 2

Salaries of Afghan Permanent Classified Employees

Grade Code 112 Code 136 Code 138 Subtotal
Number Annual Food HAVA Extra Cost of
Salary Allowance Allowance Position

1 68,400 1,080 34,200 103,680

2 57,600 1,080 28,800 87,L80

3 46,800 1,080 23,400 71,280

I 32,400 1,080 16,200 L9,680

5 28,800 1,080 1hL,400 L),280

6 25,200 1,080 12,600 38,880

7 21,600 1,080 10,800 33,L80

8 18,000 1,080 9,000 28,080

9 16,200 1,080 8,100 25,380
10 1,400 1,080 7,200 22,680
11 12,600 1,080 6,300 19,980
12 11,520 1,080 5,760 18,360
13 10,800 1,080 5,400 17,280
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Table 3 indicates the salaries paid to contract employees who work in
various labor categories.

TABLE 3

Salaries of Afghan Contract Employees

Employee Code 11k
Grade Annual
Number Salary Description
1 L,8,600 Skilled technicians
2 ls)., 1400 Foremen
3 34,200 Assistant foremen
L 30,600 Skilled equipment operator
H.D. mechanic
5 23,400 Welders, Jr. operators
6 19,800 H.D. Truck drivers and labor foremen
7 16,200 Drivers for officials
8 12,600 Truck drivers
9 10,440
10 9, 360
11 8,280 Apprentice to skilled laborers
12 7,920
13 7,560
1 7,200 Laborers, permanent
15 6,8L0
16 6,480
17 6,120 Janitors, watchmen, temporary laborers

Requirements for Personnel

The attached organization chart indicates the personnel that would be re-
quired to man the 0 & M organization. The classified employees are placed
in various grades and salary classifications as shown on page 88.

The unclassified or wage board type of employees are classified as contract
employees in various categories as shown on this rarzo,
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The above organization is set up to handle the completed 296,100 acre
project. If the entire acreage is not developed the complete organization
will not be required. It is estimated that a reduced acreage will also
mean a corresponding reduction in personnel which should maintain costs

at about the same rate per acre.

Overhead Cost

If the present program of HAVA is carried out for the next year it is esti-
mated that 55% of a1l funds programmed will be spent under the direction
of the Engineering and Technical Department. The amount of afs., 8,960,267
is allocated to overhead above the office of the Director General of Opera-
tion and Maintenance, Fifty-five percent of this amount would be afs.
4,928,156, which would be charged as overhead to Operation and Maintenance,
Engineering Division, Land Development and Plamming and the Architectural
Division. Assuming LOF of afs. 4,928,156 is charged directly to Operation.
and Maintenance, a rounded figure of afs, 2,000,000 is used as the overhead
charged to O & M above the Director General's office.
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TABIE L

Operations Cost
Overhead Director General's Office

Unit
Description Number Cost Amount Totals
HAVA Overhead 2,000,000
0 & M Office
Director General G-3 1 74,880 74,880
Assistant Director G-4 1 53,280 53,280
Engineer G-6 1 h2,480 Lh2,480
Programs Officer G-6 1 h2,480 L2,480
Secretary G-7 1 34,680 34,680
Typist G~-10 1 25,060 25,080
Officeman c-7 1 16,200 16,200
Drivers c-7 2 16,200 32,00
Doorman c-13 1 7,560 7,560 329,040
3 cars @ 40,000 @ 6 afs. ' 720,000 720,000
Misc. Office Expense 100,000 100, 000
Overhead Director's Office 1,149,040
Administrative Branch
Branch Chief G-k 1 53,280 53,280
Chief Clerks G-7 L 35,880 143,520
Clerks G-10 8 25,080 200,640 _ 397,440
Misc. Office Expense 160, 000 100,000
Administrative Branch Overhead L9T,440
Total Overhead, Afs. 3,646,480
Distribution of Overhead
Maintenance = Afs. 2,000,000
Kandahar Area
1;2 190 y 2,000,000 = Afs. 757,177
3
Helmand-Bost Area
18
2—9%:—?% X 2,000,000 = Afs. 1,212,823
Operations = Afs. 1,646,480
Kandahar Area
ngzilgg X 1,6L6,480 = Afs., 623,338
Helmand-Bost Area
18L,000
—glgfm X 1,6L6,480 = Afs. 1,023,142



Proposed Method of Operating the Irrigation System

It is proposed that the present system of handling irrigation water
deliveries be revised and updated to use a water dispatcher system. 4
digpatching office would be located in the main office at Bost to handle
all releases and water deliveries from Kajakai Dam. A dispatching office
in Kandahar would handle all releases and deliveries from Arghandab Reser-
voir, Diversions and deliveries from Darweshan Diversion Dam would be
controlled from Bost., Under this system the ditchrider would d¢ollect all
water order forms from locked boxes located throughout the system. These
orders would be read by radio to the dispatching office. The dispatcher
would make up a schedule of all deliveries and advise the ditchrider of
the turns of each water user in the rotation of each irrigation head. He
would direct the ditchrider on duty as to all adjustments in the irriga-
tion system. The ditchrider would be contacting the water user, measuring
irrigation deliveries and advising the dispatchers as to the amount of
water being delivered and estimating the turnoff time for each head of
water being delivered,

Approximately two hours before each irrigation is finished he would advise
the dispatcher who would give:him the name of the next water user so that
He could be alerted. A schedule board would be 1located in at least one
Place in each ditchrider's beat and the schedule posted and kept current
by radio communications between the dispatcher and ditchrider. Any water
user could check the schedule and determine his turn in the rotation of
irrigation heads and the approximate time he would get water.

There would be one ditchrider on duty at all times for each 10,000 acres
of irrigated land. He would make all readings in the field, call them

by radio to the dispatcher who would make 211 computations of the amounts
of water flowing and request the ditchrider to make any adjustments neces-
sary to insure proper delivery.

With this system, the complete over-all control of the water would be in

the hands of one person who could see the entire picture, dand because of

this, he could make decisions for changes necessary before minor troubles
could develop into major difficulties.

Each ditchrider would be required to turn on and turn off each head of
water and he would be expected to check and measure each head of water
in his beat twice each eight-hour shift and report it to the dispatcher.
He would be required to do only the work he is instructed to do by the
dispatcher. He would work eight hours per day, five days each week. He
would have two consecutive days off each week and once each four weeks he
would have four consecutive days off.

The dispatcher would record all the water measurements called in by the
ditehriders and make the cards charging the water to the various accounts.

The cards would be checked by the Water Accounting office persomnel and
charges made directly to each water user's ledger account,
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Each water user would be provided with a set of rules and regulations
to govern the delivery of irrigation water. These rules should be re-
vised from time to time to include changes appropriate to fit existing
conditions., The following is a suggested set of regulations for con-
trolling the delivery of water:

Proposed Regulations for the Helmand Arghandab Valley Authority

1.

3-

Water Orders

a. All orders for water shall be placed with the ditchrider or de-
posited in the collection box located in the area. Wherever possible
orders shall be placed not later than noon on Wednesday for the week
beginning the following Friday at 12:01 a.m. Placing of the order at
this time will greatly facilitate the scheduling of water in advance;
however, if the water order cannot be placed prior to noon on Wednesday
for the following week, water orders will be accepted and scheduled
later, but the water user making the request will have to take his turn
after others are through with the water.

b, The following information is required for each order:

(1) Name of water user.

Serial number of owner or user.
Canal system, lateral and turnout.
Size of irrigation head in cfs.
Number of jiribs to be irrigated.
Estimated hours of the run.

AN~~~
AN wWw
N e st o St

Water Schedules and Notice to Water User

a. Upon the receipt of water orders, the schedule of deliveries and
the order of rotation will be established by the dispatcher. At any
time a water user contacts a ditchrider, the ditchrider shall conmtact
the dispatcher and advise the water user as to the estimated time of
his turnon. The ditchrider shall also maintain a schedule board at

a central location in each ditchrider's beat. The schedule board will
indicate the rotation of each head of water in the beat and show the
estimated turnon and turnoff time to each water user.

Water Measurements

a. The exact turnon and turnoff time will be observed by the ditch-
rider and transmitted to the ditchpatcher who shall record it and
shall keep an accurate record of all observations taken during the
irrigation run to each water user, These records will be received
and recorded by the dispatcher and will become offiecial records and
the basis for all water charges. Actual elapsed time and the average
of all water measurements will be used in determining the quentity of
water delivered. Allowance for cerriage losses will be made whenever
measurements for farm deliveries are made in the lateral system above
the farmer's turnout.
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TABLE &

Operations Coet
Overhead, Division Office

Unit

Deseription Noo Comt Anpgunt Totals
Divisicn Office

Division Chief G-l ) 52,080 383000

Chief' Clerk GG 1 L0, 080 - 30,080

Office Clerk G 1 29,280 294280

Pydrographer (-6 1 L0 ,080 10,080

Field Clerk G-8 1 29,280 2942080

Urivers =10 2 23,280 146,560

Doorman Gw13 1 17,280 17,2860

2 Cars 20,000 Miles @ Afs, 6 Iﬁﬁlﬁﬁﬁ

Misc. Office Expense _73:655 Lk9,6L0
Water Accounting Office

Chief Clerk [ 1 40,080 410,080

Water Clerks G-8 3 29,280 87,840

Accounting Equip. Deprec. 75,000

Misc. Office Supplies 150,000 352,920
Dispatcher Office

Chief Dispatcher G=b6 1 Lo,080 40,080

Dispatchers G-7 L 3L,680 138,720

Radio Equip. 37500

Misc. Office Expensa, Ik, J30 350,440

TOTAL , Afs, 1,153,000

Distribution of Overhead

Kandahar Area

112,100
m X 1,153,000 = Afs, b.36,512

RHelmand Bost Area ‘
18L,000 I _
m—d X 1,153,000 = Afs, 716,488

Afs, 1,188,000 oo



TABLE 6

, Operations Cost
Helmand-Bost Area ~ 18),000 Acres

Unit

Description No., Cost Amount Totals
General Overhead 1,023,142
Division Office Overhead 716,488
Kajakai Dam

Superintendent G-5 1 46,680 16,680

Clerk G-B 1 29’ 280 29, 280

Operator C-k 2 30,600 61,200

Jr. Operator c-5 2 23,400 L6,800

Painter c-5 1 23,h00 23,400

Mechanic c-5 2 23,400 46,800

Laborer c-17 6 6,120 36,720

Misc. Office Expense 75,000

Car Mileage 20,000 Miles @ afs., 8 160,000

Materials and Supplies 449,120

Total Cost Operation 975,000
Chief Watermaster!s Office

Chief Waternmasicr G-5 L 45,480 45,480

Assistant Chief

Watermaster G=6 1 40,080 40,080

2 Pickups - 40,000 Miles @ afs. 8 320,000

Misc. Office Expense 89,140 495,000
Marja Area, 20,000 Acres

Watermaster G-6 1 40,080 40,080

Ditchriders G-8 8 29,280 23k,240

3 Pickups - 100,000 Miles @ afs. 8 800,000

Misc. Expense 15,680 1,090,000
Nad-i-Ali Area, 13,000 Acres

Watermaster G-6 1 40,080 40,080

Ditchriders G-8 L 29,280 117,120

2 Pickups - 60,000 Miles @ afs., 8 480,000

Mis¢. Expense 2,800 640,000

Page 1 of 2 pages,
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TABLE &

= Continved

Unit

Description Ho, Cost Amount Totals
Shemalan Area 10,900 Acras

Watermaster G- 1 40,080 40, 080

Ditchrider G-7 1 34,680 34,680

Ditchrider ¢-8 16 29,280 h68, 160

5 Pickups - 180,000 ¥iles @ Afs, 8 1,140,000

Misc. Kxpernse 6,760 1,990,000
Darweshan Area [0,000 Acros

Wetermaster Gwd 1L 40,080 40,080

Ditchrider G-7 1 34,680 3680

Ditehrider G=6 16 29,280 W68, 180

5 Pickups - 180,000 Miles @ AfS. 8 1,400,000

Misc. Expense 6,760 L, 990,000
Boghra Dive Dem Lo Shamalan ¥d, 16,000 scras

Watermaster G 1TTRG,080 T Lo, 080

Ditchriders G=8 U 29,280 113,120

Wabchmen C-17 2 6,120 12 hoo

2 Pickups. - 60,000 Miles @ Afg, B 4L180,000

Misc. Expense I, 1100 650,000
Seraj Area 35,000 Acresm

Watermaster Geb ) Lo, 080 40,080

Ditchrider G~7 L 34,680 3L, 680

Ditchrider 3-8 & 29,280 234 ,2L0

3 Pickups - 100,000 Miles @ Afg, 8 800,000

Misc,., Expense 6,000 1,115,000
Kajakai to Seraj Ares 20,000 Acres

l%aﬁmas'ﬁer Gwb 1 10,080 ;0,080

Ditchrider -8 8§ 29,280 23h, 240

Watchmen C-17 2 6,120 12,400

3 Pickups ~ 100,000 Miles @ Afg. B 800,000 '

Misc. Expencs 3,280 1,090,000
Field Radio Equ:‘;.gg@e_zpj:

Moblle units

Cost to own & operute

setls 3{..] ) 3813522

Contingency 1iam o 3,003 BLE

TOTAL 13,800,000
Afs. 13,800,000 AT 8. 75

1,000 Acres

[

of 2 pages,



T4BLE 7

Operations Cost

Eenoshar fArea - 112,100 Acren

Unit
Description He. ot Amonik Tedels
Ho A V. 4. Overheag LY EPERE
Opersations Office Overhesd e 436,512
handab D.

gupeJE"fE"tht G=5 1 L6680 156 , 680

Clerk G 1 29,280 292,280

Operators c-h 2 30,600 61,200

Jdre Operators Cvh 2 23,h00 L, 8GO

Painffar C"E’ 1 23,‘-{0\) 53 31100

Mechanic C~5 1 23,400 23,4400

Electrician c~5 1 23,400 23,400

Leborers 0=17 6 6,120 36,720

Misc, Office Wxapenss 7% .00

1 Plckup - 20,000 Miles @ Afm. 8 180,000

Materlels and Supplies . 31k, 120 840,000
Chlef Watermaster's Office

" Chiel Watermastor — Go&~ 1 45,480 bs,hL8e

Assigtant Chief G-6 1 40,080 L0, 080

2 Pickups ~ 40,000 Miles @ Afae. 8 320,000

Misa Qffice Expsnse 89,00 L9% 000
Central Kandahar Area 68,000 feres

Watermaster et L L0,080 Lo, 080
- Ditchrider G=7 2 34,680 69, 360

Ditehrider G-8 20 29,280 585,600

Watchmen o~17 2 6,120 2,240

6 Pickups - 240,000 Milss @ Afs, B 1,920,000

Misc., Expense ﬁ:. 20 2,680,000
Noxrth Avghandel 27,000 Acres

VWatermastor Gt L 40,080 40,080

Ditchrider G- 8 29,200 234,240

Watchmen C-17 2 6,120 12,240

3 Pickups - 100,000 Miles & Afs. 8 SﬁﬂjOJO

Misc. Bxpense 13,440 1,160,000
No« & B50s Tarnsk 17,000 Acres
T Watermaster oAb i 40,080 ko, 080

Ditchriders g6-8 U 29,280 1&;;1 0

2 Pickups ~ 60,000 Milés @ Afg. 8 486,000

Misc. Expense - 22,800 660,000

- 104 - Page 1 of 2 pages,



TABLE 7 « continued

Unit
Description No. Cost Amount Totals
Field Radio Equipment
Cost to own and operate
sets 16 each 203,478 203,478
Contingencies 1,369,172
Kandahar - Grand Total 8,407,500

8,407,500

m = Afs, 75 per acre

Page 2 of 2 pages.
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TABLE &

Cost of Radio Equipment

Baged on Muiorola Equipment
Quotations November 1, 1966

Parmanent Tpstallations
BOILPS-1I{BA Thdaor Traunsistorized
Base Station; 500 Watis, R.P. Power
output, 25-50 Mi=-TF-RCYR

117 V-A.Ce 50/80 cpe,

Remote Control Console
T.U=5324 Microphone

TAB-10%0A Slim Profile coaxial
antenna

Cost b permanent station equipment
inland freight to New York
Ccean freight to Karachi
Transportation Karachi to Bost
Installation costs

Estimeted Cost L Zase Tustsllations
or $k4,250,00 each station
Bost Station
Kandahar Station
Kajekai Dam Station
Arghandah Dam Station

Portable Car Installed Radios
U7 -TI00-20 50 /o -Motrac 7y
Radio with channe) elewnents.
100 watts, 12 volts, IF-TMTR«IF-
RCVR, Positive gromnd, with Truck
mounting accessoriecs
Estimated Cost Chicsgo
Inland fyeight to Kew York
Oesan freighc to Karachi
Transportetion Kerachi to Bost
Installation charges
Estimated Cost &0 Portable Radios

~ 106 -

Iy each $3,100,00 $12,400.,00
L each 200,00 800,00
J_L each 2 ? @ 75 111 ® OO
L each 96,50 386,00
$13,697.,00
303.00
1,000.00
500,00
1,500,00
BN i bl S
$17,000,00

$4,250,00

L, 250,00

L4250,00

h,250,00
60 each 895.00  $53,700,00
1,100,00
2,000,000
1,000.00
60 20,00 1,200,090
. $50,000. 05

Page 1 of 2 peges.



TARIE & < conbiroms

tadioc Equipment Cost

Distribution of llost,
Base Stations Installed

Depreclation 1C years 100%
50% to Operations
S5C% to Maintenance

Maintenance Chargss
Permanent Stations
50% ¥ $17,000 % 10 years = depreciation
Repair Cost 5% of depreciation
Interest 33% on 559 of $17,000.00
Contingencies

Annual Charges to Maintenancs
$1700.00 @ Afs. 75 = Afs, 127,500

Operations Charges
Permanent Stations
Same as Maintenance Charges
Annuwal Charge to Operations
$1700.00 @ Afg, 75 = Afg. 127,500

Maintenance Chargss - 1l sets
PYortaole Hadio Sebts

$59,000.00 & 60 sets £ 1) sets & 10 yrs = Depreciation
L] 1 o &

Repairs 50% of depreciation

Interest at 354 X 55% of $59,000.00 £ 14/60

Contingencies

Annuel Cost to own znd operate 1l Portabiie Radios
$2L00.00 @ Afs. 75 = $1,00 = Afs. 180,000

Operations Charge Lb sets
Portable Hadio Sets

$57,000.00 * 60 sets X L6 sets 3 10 yrs = Depreciation

Repairs SU% of depreciation

Interest at 337 X 55% of $59,000.00 X L&/40

Contingencies ‘

AnnualtCost to owg and operate 46 Pertable. Radios
Digtribuption Cost 46 sets used 1 seratd

Boit ﬁeimané Ereg ed in Operstions

30/L6 X $7800,00 = $5086.96 @ Afs. 75 = 1.00 = Afs,

Kandahar Area

$17,00:2,00

856,00
125,00
327,25

9775

1,70690,00

$1,700.00

$1,376.66
688,33
265,00
70,01

~$2 L0000

$1:,523,32
2,261 .66
870,75
1Lk, 27

.” -

381,522

16/L6 X $7800.00 = £2713.0k @ Afs. 75 = $1.00 = Afs. 203,478

rage 2 of 2 pages.
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Cost of Owning and Operating O & M Equipment

The complement of heavy equipment listed in Table 9 was established as
the requirement to properly maintain the 296,100 acre.irrigation projecti
Very little information is available on the cost of operating heavy equip-
ment in this area so it was necessary to make various assumptions and to
build up the information on the cost of operating the equipment. The cost
information that is available would not necessarily indicate that the same
cost would apply to new equipment, especially if it is to be used under
different conditions.

Some information was available on purchase cost of new equipment but in
many instances it was necessary to estimate this cost plus the various
additives to get the delivered price.

For depreciation purposes all heavy equipment was estimated to have a
useful life of 10 years. The cost of maintenance and repairs was esti-
mated at 50% of the depreciation charges. The tabulation indicates that
$77,900 or afs. 5,842,500 is allocated to the repairs on equipment annually.
The labor charges in the repair shop amount to afs. 1,255,800, Of this
amount it is estimated afs, 1,000,000 will go into repairing equipment,
leaving afs. 4,842,500 for repair parts. The other afs. 255,800 of labor
charges incurred in the shop is allocated to shop orders for repairing
structures or work other than equipment.

The average anmual cost of interest is based on the average value of the
equipment during its useful life, This value was obtained by establishing
a schedule of values for the beginning of each year that the equipment is
to be used. The following illustrates the method of determining the aver-
age value of equipment:

Original cost of equipment $25,000
Estimated useful life = § years

Anmual cost of depreciation, $25,000 % 5 5,000

Beginning Cumulative Value of

of Year Depreciation Equipment

y 0 $25,000

2 5,000 20,000

3 10,000 15,000

L 15,000 10,000

5 20,000 5,000

6 25,000 0

Total Value Equipment $75,000

Average value $75,000 % 5 = $15,000

Average value as % of original cost

m15’°°° X 100 = 60%

3
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Thus the average value of equipment having an estimated life of five years
is 60% of the original cost. Using this method of computations the follow-
ing formula will give the average value in ¥ of the original cost:

Average value = 1+ ngnx 100 . % of original cost.

n = number of years in depreciation period.

The following is a schedule of average values for equipment for various
years of life:

Estimated Average Value
Average as ¢ of
Life Original Cost
2 75.00
3 66.67
L 62,50
5 60,00
6 58.33
7 57.14
8 56.25
9 55.55
10 55.00
11 5445k
12 54417

This method was used to compute interest cost and the rate was 3%% anmially.

The quantity of fuel :consumed by the internal combustion engines was esti-
mated at 0,04 gallon per H.P. hour for diesel engines and 0.06 gallon per
H.P. hour for gas engines. It is also estimated that the equipment will
work L5 minutes of each hour and that 80% of the H.P. will be used. The
time factor will be L45/60 X 100 or 75%. If the H.P. factor is 80 percent
the overall efficiency will be 60%, so based on the above assumptions the
60% factor was used except for the gasoline engine driven motor in the
small Gradall carrier where it was further reduced to 50% under the assump-
tion that the truck motor in the small Gradall will not be used as much as
other engines,

The quantity of lubricating oil used by the various engines was estimated
considering the size of the crankcase and that oil would be changed every
120 hours of use. The quantity of oil consumed between changes was esti-
mated and added to the amount required for each change of oil. The follow-
ing formula was used to estimate the lubricating oil required:
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Q = H.P. ¥ 0,6 X 0,006 1bs H.P. Hr.

C
7.0, 1bs per gal T

Where: Q = Quantity of oil consumed gallon per hour.
HP = Rated H.P. of engine.
C = Capacity of crankcase.
T = Number of hours between changes.
0.60 = Operating efficiency factor.

The entire operating personnel's annual pay is charged into the cost of
operating the equipment.

Six trucks smaller than the 10 cu. yd, dump trucks are charged on a lump
sum basis and passenger cars, regular pickups, and the six-man cab pickups
were charged into either operations or maintenance on an estimated mileage
basis as follows: passenger car, afs. 6 per mile; regular pickups, afs. 8
per mile; and the six-man cab pickups at afs. 10 per mile.
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Model 955 P. & H. Dragline
Cat. D337 Diesel Engine extra
Wide Track pads extra
Long Track assembly
fortra sheeve in crown block
2?2 Cu. Yd. M.D. Dragline Bucket
2 Cu. Yd. L.D. Perforated Dragline Bucket
2 Cu. Yd, Clamshell Bucket
Boom Extensions
Inland freight to New Yori
Ocean freight t¢ Karachi
Transportetion Karachi to Bost
Light plant and lights

Total cost delivered to Bost

Operate 1,600 hours per year @ 60% efficiency.

Diesel engine 185 H.P., Crank case capacity 8% gallons.

Change oil 120 hours. Iub. oil 60¢ gallon.
Diesel fuel 16¢ gallon.

Depreciate 100% in 10 years.

Average investment 55% of original cost.

Pixed Costs Anmially
Depreciation $100,004,00 & 10 years =
Repairs, 504 of depreciation
Interest 33% on 55% of original cost
Anmial Fixed Cost

Hourly Cost of Operaticn
Fixed cost $16,975.00 & 1,800 hours = $10,58
Fuel cost 185 H,P, X 60f ¥ 0.0 gal. X .16 = «TL
Tub, oil cost

185 H.P, X '50% I OwOOé 1bs Bogﬂ
- = Q
7.5 165, + 1o X -60 o0
Operator's wages
Afs. 30,600 @ Afs, 75 = $1.00 & 1,600 hours = 425
Oller's wages »
Afs, 10,400 @ Afs. 75 = $1.00 & 1,600 hours = .09

$1L.72

Total Hourly Cost to Own and Operate

Hourly Cest in Afs. $11.72 X Afs. 75 = $1.00 = Afs. 879

Annual Cost $11.72 X 1,600 Hrs. = $18,752,00

$£70,200.00

2,000,000
2,000.00

$10,000,00

5,000.00
1,925,00

DIy FEbe

Anrual Cost in Afs. $18,752.00 X Afs. 75 = $1.00 = Afs. 1,L06,L00
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TABLE 11

Operation Cost - Truckcrane

Estimated cost 30-ton Truckecrane
Boom extensions 5' and 10t

2 sheeve in crown block

30-ton crane hook, 2 sheeves

3/4 cu. yd. heavy dragline bucket
3/l cu. yd light perforated bucket
Tagline winder

3/L cu. yd. clam bucket
Independent boom hoist

Power lowering

Lightplant and lighting

Inland freight to New York
Freight, New York to Karachi
Transportation Karachi to Bost

Total cost delivered to Bost

Crane motor D.E.D. - 148 H.P.

Crankcase capacity 6 gallons @ 60¢ gallon.
Truck motor D.E.,D. - 238 H,P,

Crankcase capacity 7 gallons @ 60¢.
Depreciate unit in 10 years.,

Average cost 55%.

Operate 2,000 hours per year.

Fixed Costs
Depreciation $60,000 + 10 years
Repairs 50% of depreciation
Interest 33% X $33,000,00
Annual Fixed Cost

Hourly Operating Cost :
Fixed cost $10,155 ¢ 2,000 hours

Fuel cost crane
148 X 0.6 X 0,04 X 16¢
Fuel cost carrier
238 X 0,6 X 0.04 X 16¢
Lub. 0il crane
1,8 X o;?hx 0,006 N Igv X 60¢
Lub, o0il carrier
238 x o%?hx 0.006 | I%G X 60¢
Operator's wages afs. 30,600 & 2
Driver's wages afs. 19,800 ¢ 2,0
Hourly Cost of Operation

3
5

Annual cost $7.09 X 2,000 hours
Hourly cost @ afs, 75 = $1.00 = afs, 532
Annual cost @ afs, 75 = $1,00 = afs, 1,063,500
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$40,000,00
15600‘.00
500,00
300,00
1,600.00
900,00
600,00
1,200,00
1,200,00
2,400,00
1,000,00
2,000,00
5,000.00
1,700.00

0,000.0

$5.08
0.57
0.91

0.08

0,10

0.21
0.1

$14,180.00



TABLE 12

Operating Cost - Gl000 Gradall

Model G1000 Gradall $87,000.00
A1l diesel engines 4,200.00
34" Exec. 1 cu. yd. bucket 1,060,00
48" Exc. 1% cu. yd. bucket 1,225.00
8 ft. l—3/h" cu., yd. cleaning bucket 1,150,00
9 ft. grading blade 690,00
8 ft. boom extension 1,395.00
Radiator guard 50.00
15 ton Hydraulic jack 50,00
Spare tire, tube and wheel 320,00
Front tow hook 30,00
Inland freight to New York 1,800,00
Ocean freight New York to Karachi 3,600.00
Transportation Karachi to Bost 1,430,00

Total delivered cost to Bost $10L;, 000,00

Depreciate 2,000 hours per year for 10 years.
Average investment 55%.
Repairs = 50% of depreciation.

Fixed Costs
Depreciation $10L,000.00 < 10 years $10,400,00
Repairs = ig% of depreclatlon 5,200,00
Interest 35% X $57,200,00 2,002,00
Annual Fixed Cost L7 ,602,00

Carrier engine 225 H.P.

Excavator engine 108 H.P.

Crankease capacity, carrier engine 7 gallons.
Crankcase capacity, excavator engine 6 gallons.
Fuel @ 16¢; Lub. oil @ 60¢ gallon.

Hourly Operat;ig Cost

~ Fixed cost 317,602.00 ¢+ 2,000 = $8.80
Fuel cost, carrier

225 X 0.6 X 0,0 X 0,16 = 0.86
Fuel cost, excavator

2 X 108 X 0,6 X 0,04 X 0.16 = 0.82
Lu?. oil

2X 108) + 225 X 0.6 X 0.006 . 13 }
T * 155 X 0. 60 0.19

Operator's wages afs. 30,600 = 2,000 = 75 = 0.21
Driver's wages afs. 23, hOO : 2 OOO 2 75 = 0,16

Hourly cost of operation $11,0hL

Annual cost $11,0L4 X 2,000 hours $22,080,00

afs. 828

Hourly cost afs. @ 75 per $1.00
afs. 1,656,000

Anmual cost afs. @ 75 per $1.00
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TABIE 13

Operating Cost - G=600 Gradall

Model G-600 Gradall 6X6
Upperstructure GMC~3031-D Engine
Heater, upper cab
Defroster, upper eab
Carrier

Torque converter

Heater and defroster
Spare wheel, tube and tire
Hydraulic jack
MBL13 - 24" bucket
M2429 - 60" ditch cleaning bucket
M2LhO - 72! dredge bucket
Inland freight to New York
Ocean freight to Karachi
Transportation Karachi to Bost

Total cost delivered to Bost

Fixed Costs
Depreciation $55,000 % 10 years
Repairs = 50% of depreciation
Interest 33% X 55% of $55,000.00
Annual Fixed Cost

Upperstructure engine DED-76 H.P.
Crankcase capacity 5 gallons.
Carrier engine G.E.D. 214 H.P.
Crankcase capacity 5 gallons.

Depreciate 2,000 hours per year for 10 years.

Average investment 55%.

Diesel fuel, 16¢ gallon; Gas 20¢ gallon; 0il 60¢.

Hourly Operating Cost

Fixed cost $9,308.75 + 2,000
Fuel cost, carrier

214 H.P, X 0.5 X 0,06 X 0.20
Fuel cost, upperstructure

76 H.P. X 006 X o.oh X 0016
Lub, o0il, carrier

21y X Q%th 0.006 a I%ﬁ X 0.60
Lub. o0il, upperstructure

76 X 0.6 X 0,006 5

Y + 150 X 0,60

Operator's woges afs. 30,600 + 2,000
Driver's wages afs. 23,L00 £ 2,000

Hourly Cost of Operation

Anmual cost $6.73 X 2,000 hours

$L.65
= 1,29

= 0,29

0,08

0.05

0.21
0,16

$6 .73

Hourly cost afs @ 75 per $1.00 = afs. 505
Annual cost afs @ 75 per $1.00 = afs. 1,009,500

- 115 -

$41,L50.00
2,095,00
80,00
30.00

1,200400
110400
2L0400

50400
650400
770400

1,140.00

2,000400

3,600,00

1,585.00

$55,000.00

5,500,00
2,750,00
1,058475
—$9,308.75



\ hL.E: l !.l

Operating Cost
D-8 Tractor and Dezer

Caterpillar D« Truccor, electric start on gasoline
starting engine, 22" grousers, Hydraulic track

adjusters, direct drive with suction fan $L0,300,00
Crankcase guaxi 399.00
Hook for froni pulling 64,00
Track roller guard 530,00
84 dozer angle tlade 5,L90.00
128 Double drum eavie control 43170,00
Cable guides fer suraper operation 7.00
Packing cost, fractor 65,00
Packing cost, doner 5.00
Inland freight to Hew York 606,00
Freight New York to Karachi 3,728.00
Transportation ¥aiyachi to Bost 1,496,000

Cost deliverad to Bost $57,000,00

Depreciate 2CIKY nours per year for 10 years.
Valua = E; % oft anont
Repairs SO? of devreciation.

Fixed Oosts
" TDepreciation ﬁST?UOO # 10 years = 5,700,00
Repairs 50% of iepreciation = 2,850.00
Interest 33% of 55% of $57,000 1 09? 50
Annual Fixed Cost 250

Engine horee power 235
Operating factor 0%

Fuel cost 16¢ ner gallon
Crankcase capacity 9.5 gallon.
Lub. 0il cost, &g per gallon

Bourly operating cuat

Fixed cost $:;|L, .50 ¢ 2000 hours $l 482
Fuel cost,m £0 8% X O 6 = 0.51
. ol X 0,
Lub. oil, Z kla; XX 9 I?ﬁ'x 0.60 0,12
Operator's wagews, Afsg. 30,600 # 2000 hrs & 75 0.21
Total Hourly Cowst . §5.06
Annual cost $6.05 ¥ 2000 hr. $12,120.,00

Hourly cost @ Afs, 75 per $1.00 = Afg, US55
Annual cost @ Afs. 15 per $1.00 = Afs. 909,000
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TABLE 15

Operating Cost

D=7 Tractor and Dozer

Caterpillar D-7 Tractor, electric start on gasoline

starting engine, 20" grousers, Hydraulic teack

adjusters, direct drive with suction fan
Crankcase guard
Hook for front pull
Track roller guards
Dozer angle blade
Double drum power cable control unit
Cable guides for scraper
Packing charges, tractor
Packing charges, dozer
Inland freight to New York
Freight New York to Karachi
Transportation Karachi to Bost

Total cost delivered to Bost

Depreciate 2,000 hours per year for 10 years.

Repairs 50% of depreciation.
Interest 33% X 55% of $hl,000.00

Fixed Costs
Depreciation $4L,000 = 10 years
Repairs 50% of depreciation
Interest 33% on 24,200.00
Annual Fixed Cost

Engine horsepower 180
Operating factor 60%

Fuel costs 16¢ per gallon.
Crankcase capacity 6.5 gallons.

Lub. oil cost 60¢ per gallon; change oil @ 120 hours.

Hourly Operating Cost
Fixed cost $7,L47.00 < 2,000 hours
Fuel cost, 180 X 0.6 X 0,04 X .16

([N 120

Operator's wages, afs. 30,600 £ 2,000 = 75

Total Hourly Cost

Annual Cost $L.72 X 2,000 hours
Hourly Cost @ afs. 75 per $1.00
Annual Cost @ afs. 75 per $1.00

afs. 354
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afs. 708,000

$3.73
0469

0.09

0.21
d .72

$30,500,00
320.00
52.00
L,25.00
L,400,00
3,400,00
120.00
65.00
5.00
500,00
3,000.00
1,213.00

3L}, 000,00

$L,400.00
2,200.00
8L7.00
$7,LL7.00

$9,L40.00



TABLE 16

Operating Cost
Motor Crader

Caterpillar No. 12 Motor Grader $23,50C.00
Cost of attachmants 3,000,00
Freight and handiivg costs 30%t 7 45006 00

“GiL, 00000

Total Cost to Amortize
Depreciate 2000 hours per year for 10 years,
Cost of repairs 50% of depreciation
Interest 3zi of 5% of cost.

Fixed Costs

Depreciation $3!,000.00 ¢ 10 = $3,4L00,00
Repairs,‘SO» of Gepreclation 1,700,00
Interest 3% of &18,700.00 654 .50

Amual Fixed Soet ﬁB,(BE-bG

Engine horse powsr 115

Operating facthor 60%

Fuel cost 144 pur gallon

Crankcase oil c¢apacity 7.0 gallon.

Lub, 0il cest &0¢ per galloni change oil each 120 hours.

Hourly operating cost

Fixed cost $€,T;:¢€O $¢ 2000 hours = $2.,88
Fuel cost, 1195 X 0.06 X 0.04 X .16 = Oelily
Lub' Oil E-_:_l_[: .K‘Oaé X 00006 + 7.0 X .60 O‘O"Z
? 'l‘ le E-O-

Cutting edgas $22»OO per set and

one set par 80 hours 0.28
Operator's wagas Afsg. 30,600 021
Total Hourly Dest B

Annual cost to own snd operate 2000 hours $7,760,00

Hourly cost @ Afwm. 75 per $1.00 = Afs, 291
Annual cost @ 4fs, 75 per $1.00 = 582,000
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Operating Cost
Shoval Loader

955K Traxcavator: Series K, 46 inah gauge,
Diasel engins, bhlower fan, crankcsse guard,
hood side deor, power shift transmission,
15 inch triple arousers, hydraulic track
adjusters, 1-3/ cu, yd, bucket, gas starting
engine, 12 velh slectric starter

Track roller guards

Packing charges

Inland freight to Wew York

Estimated forwarding charges

Ccean freight to Kerachi

Transportation Kevrachi Yo Bost
Total cost delivered to Bost

Depreciate 200C hours per year for 10 vears.
Repairs 508 of depreciation,
Interest 3% o YBd of original cost,

Fixed Costs
Depreciation $27,000,00 § 10 vesrs
Repairs, 50% of depreciation
Interest 33F of $14,85¢.00
Annual Flxsd Dot

Engine horsepcws: 100

Operation factor 60%

Crankcase capneity I gallons.

Fuel cost 14 par gallon.

Lub. o0il, 6Up yper gallon; change 120 hours

Hourly operating wust
Fixed cost P55 & 2000 hours =
WA ’.: "l 17 X -4 ' . .’j =
gﬁﬁ% ggifsiﬁﬁtﬁglxy095éxxa?ﬁ R g X o60
7ol 120

Operator’s wages Afg. 30,600

Afs. 30,600 ¢ 2000 & 75 =
Total Hourly Coav

Annual cost §2,92 i 2000 hours
Hourly cost @ Afs. 75 per $1.00 = Afe, 220
Anmual cost @ Afw. 75 per $1.,00 = Afs. 139,500
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$2.28
0.38
O. Oé

Gs2

$2.93

$23,L00.00
310,00
$23,710,00
50,00
279,00
25,00
1,h0kL.00

1&}!532.Q9
#2714 000,00

52.700.00
1,350,080
. 51%9.75

$5,860.00



TABLE 18

Operating Cost
10 Cu, Yd. Dump Truck

THC ~ F1800 Truck with
Tandem rear drive 6 x L
6 cylinder gas engine BD-282 @ 140 HP
Cost and freight Karachi
Dump body, extra
Transportation Karachi to Bost

Total Cost Delivered to Bost

Depreciate 1,000 hours per year for 10 years.
Repairs 50% of depreciation.
Interest 33% of 55% of original value.

Fixed Costs
Depreciation $13,000.00 & 10 years
Repairs 50¢ of depreciation
Interest 33% X $7,150.00
Annual Fixed Cost

Engine horsepower 140

Crankcase capacity 2 gallons @ 60¢
Gas @ $0.,20 per gallon.

1,000 hours use per year @ 60%

Hourly Operating Cost
Fixed cost $2,200,25 & 1,000 hours
Fuel cost, 140 X 0.6 X 0,06 X .20

Iub. oil, 140 X ?:ﬁ Sk + %‘gos X .60

Operator's wages afs. 19,800
19,800 < 1,000 = 75
Total Hourly Cost

Annual Cost $3.39 X 1,000 hours
Hourly cost @ afs. 75 per $1.00 = afs, 254
Anmual cost @ afs. 75 per $1,00 = afs, 254,250
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$2.20
1.01

0,05

0.13

$9,721,00
2,000400

1,279.,00
$13,000.00

$1, 300,00
650,00
250,25

$2,200.25

$3,390.00



TABLE 19

Operating Cost
5-Ton Flat Bed Truck

THC Flat Bed Truck
Tandem rear drive
6 cylinder gas engine
Oversize clutch, oversize radiator
l, speed transmission
0il bath air cleaner
Outside rear view mirror
Heater and defroster

Safety kit
Heavy duty battery
Delivered to Karachi $k, 400,00
Transportation to Bost 600.00
Total cost delivered to Bost $5,000.00

Depreciate 5 years - 1,000 hours per year.

Repairs 50% of depreciation.

Interest 33% on 60% of original cost.

Engine H.P. 120, Crankcase capacity 2 gallons @ 60¢.
Change oil @ 120 hours.

Fixed Costs
Depreciation $5,000 £ § $1,000,00
Repairs 50% of depreciation 500.00
Interest 31% X 60% of $5,000,00 105 .00
Total Anmual Fixed Cost $1,605.00

Hourly Operating Cost
Fixed cost $1,605.00 & 1,000
Fuel cost, 120 H.P. X 0.6 X 0,06 X ,20
Lub. oil
120 H.P. X 0.6 X 0,006 , 2,0
7.’.‘. +,T'26 x .60 Oloh
Operator's wages afs. 19,800 + 1,000 = 0.26
Total Hourly Cost $2.16

$1,60
0.86

Amual cost $2.76 X 1,000 hours $2,760,00
Hourly cost @ afs, 75 per $1.00 = afs. 207
Annual cost @ afs. 75 per $1.00 = afs, 207,000
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TABLE 20

Operating Cost
2% Ton Cargo Truck

2% Ton Cargo Truck
Tandem rear drive
6 cylinder gas engine
H.D. oversize clute¢h; oversize radiator
ly speed transmission
0il bath air cleaner
Outside rear view mirror
Heater and defroster
Safety kit; heavy duty battery

Delivered to Karachi $3,500,00
Transportation to Bost 500,00
Total cost delivered to Bost §ly,000,00

Depreciate 5 years @ 1,000 hours per year.

Repairs 50% of depreciation,

Interest 33% on 60% of original cost.

Engine H.P, 120. Crankcase capacity, 2 gallons @ 60¢.
0il change 120 hours.

Fixed Costs
Depreciation $4,000,00 + 5 $800,00
Repairs 50% of depreciation 400.00
Interest 33% X 60% of $l,000,00 8, .00
Total Annual Fixed Cost $1,28L.00
Hourly Operating Cost
Fixed cost $1,20L.00 = 1,000 hours = $1,28
Lub, oil
120 H.P. X 604 X 0,006 2.0
7.,40% + 12_0' X 060 = Oooh
Operator's wages afs. 19,800 3 1,000 hours @ afs 75 = $1 = 0,26
Total Hourly Cost $2.LL
Annual eost $2.44 X 1,000 hours $2,440,00

Hourly cost @ afs. 75 = $1,00 X 2.31 = afs, 183
Anmual cost @ afs. 75 = $1,00 X 2,310 = afs. 183,000
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TABIE 21

Operating Cost
Reg. Pickup 3/l Ton

I.H.C. 3/L Ton Pickup Truck
BeG. 265 Engine, extra
T-115 li~speed transmission
Tool kit
Addigional 1y gallon fuel tank and valve
Oversized cooling system
H.Ds oil bath air cleaner
Rear bumper
Heater and defroster
Outside rear view mirror
Heavy duty battery, extra
Heavy duty clutch
Safety kit
Crating
Export processing
Inland freight to New York
Ocean freight to Karachi
Transportation Karachi to Bost
Spot lamp top of cab

I.H.C. Reg. Cab Pickup
Contingencies

Charges out @ afs. 8 per mile.

Repairs estimated @ $200.00 each pickup per year.
Fixed Costs

Depreciation in five years $3,000 + 5 years

Repairs 33-1/3 of depreciation

Interest 33% X 60% of original cost
Total Annual Fixed Cost
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$1,L97.00
L3475
49,00
17400
63.00
7475
9450
15,75
50,50
14.25
7.75
7.75
48.75
12,00
9.25
120,00
650-00
300,00
35.00

32,958,00

42,00

3,000,00

$600,00
200,00
63.00
$963.00



TABLE 22

Operatiﬁg Cost
Pickup Truck 6-Man Cab

I.H.C. Heavy Duty Pickup Trugk: 6-Man Cab
B.G. 265 Engine, extra
T-115-L speed transmission:
Toel kit
Additional 14 gal. fuel tank and valve
Oversige coollng system
H.D. oil bath air cleaner
Rear bumper ‘
Heater and defroster
Qutsids rear view mirror
Heavy duty battery
Heavy duty clutch
Safety kit
Crating
Export processing
Inland freight to New York
Ocean freight tc Karachi
Transportation Karachi to Bost

I.H.C. Heavy Duty 6~Man Cab Pickup
Contingencies

Charged out @ Afs. 10 per mile.

Fixed Costs
Depreciation in five years $3500 ¢ 5 years
Repairs
Interest 34% X 608 of $3500.00
Total Annual Fixed Cost

- 12k -

$1 957 .00
L3.75

. L%.00
« 17400
© 63400
775
9450
15.75
£0.50
15,25
T+75
775
L8.75
12,00
925
120,00
650.00
300,00
$3,023.00
17,00

$3 +500,00

$ 700,00
200,00
15.60

'—5



TABLE 23

Operation and Maintenance Cost

Aut.omobile
5 Passenger 2 door sedan $1,800,00
Low compression engine L0.00
Tool kit 17,00
Oversize cooling system 8.00
H.De. 0il bath air cleaner 10.00
Heater and defroster 50,00
Outside rear view mirror 15,00
Heavy duty tattery, extra 8.00
Heavy duty clutch 8.00
Safety kit 50,00
Crating 12,00
Export processing 10.00
Inland freight to New York 120.00
Ocean freight to Karachi 600,00
Transportation Karachi to Bost 200,00
Contingencies 52.00
Sedan Delivered to Bost $3,000,00

To be charged out at afs. 6 per mile.
Depreciation $600,00

Repairs 200,00
Interest 63.00
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TABLE 2l

Assignment of Transportation Equipment:

General Director

Assistant Direcitor

Office Engineer
Superintendsnt Maintenance
Adminigtrative Branch Chief
Warehouse Managsr

Shop Foreman

Field Mechanic

Heavy Equipment Foreman
Equipment Cperators

Hand Labor Foremsan
Structure Maintenance Foreman
Structure Field Crew
Welders

Bost Helmand Area Operations

Kandahar Area Operations

TOTALS

Passenger 3/L Ton - 6fedan Tab

Cars Pickupe  Pickups
1
1
1
1
1
1
1
1
1
b
L
2
h
3
30
16
e e e~ e e
3 53 16
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TABLE 26

Hed V.A.
Equipment Requirement - Bost Helmand Operations

3/L Ton Pickup Truck, Radio Equipment with Spotlight on Top of Cab.

Chief Irrigation Operation Division 1

Hydrographer 1
Bost Helmand Area

Chief Watermaster 1

Assigtant Chief 1
Kajakai Dam 1
Marja Area

Watermaster 1

Ditchriders 2

Nad=-i-Ali Area

Watermaster 1

Ditchrider ol
Shamalan Area

Watermaster 1

Ditchriders L
Darweshan Area -

Watermaster 1

Ditchriders Iy
Boghra Dam to Shamalan Area

Watermaster 1

Ditchriders 1
Seraj Area

Watermaster 1

Ditchriders 2
Kajakai to Seraj Area

Watermaster 1

Ditchriders 2
Extra Equipment for Spares 2

TOTAL 30
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TABLE 26

H.A'V GA‘
Eguipment Reguirements - Kandahar Ares

3/L Ton Pickup Trucks, Radic Equipment and Spotlight on Top of Cab.

Arghandab Dam 1L
Kandahsr Office
Chief Watermaster 1
Assistant Chief L

Kandahar Central Aresa

Watermaster 1

Ditehriders 24
North Arghandab Arvea

Watermaster x

Ditchriders 2
North and Scuth Tarnsk Area

Watermaster 1

Ditehriders 1
Extra Equipnent for Spares 2

TOTAL 16
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The cost of operating the warehouse facilities is estimated in the
following table. This cost is charged as an expense item and for esti-
mating purposes the cost is not distributed and charged into:the ¥alue
of warehoused items.

TABLE 27

Description Number Unit Cost Amount Total
Manager G-5 1 L6,680 L6,680
Clerk G-10 1 23,880 23,880
Clerk G-11 1 21,180 21,180
Equipment Operator c-4 1 30,600 30,600
Laborers c-1y 2 7,200  1h,l00
Watchmen Cc-17 2 6,120 12,240 148,980
Miscellaneous office expense 100,000
Materials and supplies 100,000

Warehousing Cost $3L8,980
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TABLE 28

0 & M Cost
Structure Maintenance
Description Nos, Unit Cost Amount Total
Bost Helmand Area
oreman . c-3 1 34,200 3hL,200
Clerk 6G-8 1 29,280 29,280
Carpenter -l 3 30,600 91,800
Concrete Finisher C-L4 2 30,600 61,200
Painters C-h 2 30,600 61,200
Welders C- 1 30,600 30,600
Truck Driver c-8 1 12,600 12,600
Laborer 6 6,120 36,720 357,600
Kandahar Area
oreman c-3 1 34,200 34,200
Clerk a-8 1 29,280 29,280
Carpenter c-4 2 30,600 61,200
Concrete finisher C-bL 1 30,600 30,600
Painter C-h 1 30,600 30,600
Welder Cely 1 30,600 30,600
Truck Driver c-8 1 12,600 124600
Laborers L 6,120 2L 80 253,560
Equipment )
H.D. Pickup & man Cab
144,000 miles 4 10 1,Lh0,000
2% Ton Trucks, 48,000 miles 2 15 720,000
Misc., Equipment Lump Swum : 800,000 2,960,000
Supplies and Material 1,500,000 1,500,000
Cables, pipe, paint,
Form lumber, resteel,
fabricated steel, welding rod,
gate parts, conc. materials, etc. 255,800 255,800
Total Structure Maintenance Cost Afe. 5,326,960
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TABLE 29

0 & M Cost
Hand Labor Crews

Description No. _ Unit Cost _Amownt _ Tobsls
Foreman C=6 L 19,800 -T9,200 ‘
Laborers C~17 100 6,120 632,000 652,200
Transportation :
4 Pickups 80,000 miles Afe, & 480,000
Materials ' 14;000,000
TOTAL, Afs, 2,171,200
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TABLE 30

0 & M Cost
Repair Shop

Description No, Unit Cost Amount Total
Shop Foreman C-2 1 L1 ho0 L1 000
Assistant Shop Foreman c-3 1 34,200 3,200
Shop Clerk G~-8 1 294280 29,280
Janitor | C-17 1 6,120 6,120
Watchman 0-17 2 6,120 12,240
Tool Crib man C-7 1 16,200 16,200 129,440
Heavy Equipment Shop B

Foreman =3 1 3,200 34,200

HeD. Mechanic C-L 6 30,600 183,600

H.D. Mechanic Apprentice C-11 6 8,260 LS, 680

Laborers C-17 2 6,120 12,240 279,720
Automotive Repair Shop - .

Foreman C~3 1 34,200 344,200

Auto. Mechanic c-h 6 30,600 183,600

Auto. Mechanic Apprentice (-11 & 8,280 119,680

Leborer C~17 1 6,120 6,120 293,600
Machine Shop

Machinis?. G- 1 30,600 30,600

fiachinist Apprentice C-11 2 8,280 16,560 47,160
Diesel & Auto Electric

Foreman c-3 1 3k, 200 3h,200

Battery man C-i 1 30,600 30,600

Auto Electrician . -l 1 30,600 30,600

Diesel Fuel System Mech, C-i 1. 30,600 30,600

Apprentice C-11 3 8,280 2h, 80 - 150,840
Blacksmith and Welding Shop

Foreman C«3 1 30,200 3,200

Slacksmith ORI 30,600 30,600

Welders C-5 2 23,00 16,600

tpprentice c-11 3 8,280 2, 840 136,440
Paint & Body Shop

Body & Fender man C=ly 1 30,600 30,600

Painter C-4 3 30,600 30,600

Apprentice C-11 1 8,280 8,280 69,480
Lubrication Shop

Foreman -4 1 30,600 30,600

Serviceman c-7 2 16,200 32,500

Steam Cleaners c-7 2 16,200 32,400

Car Washers c-8 @2 12,600 25,200

Tireman c-7 ° 2 16,200 32,400

Laborer _ o C-17 1 6,120 £,120 159,120

TOTAL, Afs. 1,255,800
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