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AED Design Requirements
Hydrology Study

1. General

The purpose of this document is to illustrate the technical requirements contractors shall
show in design analyses for projects requiring hydrology analysis of storm drainage
components that are part of USACE-AED projects. The guidance is provisional — meaning it
serves for the time being only until permanently replaced. The development of hydrologic
statistics in Afghanistan is an ongoing process and as new data and analyses become
available they will be incorporated into this design guide. A companion design guide
discusses technical requirements for the design of culverts and road causeways - two
hydraulic structures that require hydrologic analysis as the basis of the design.

2. Hydrology

Hydrology studies include a careful appraisal of factors affecting storm runoff to insure the
development of a drainage system or road crossing culverts are capable of providing the
required flow conveyance at the specified annual flood frequency of protection in the
contract technical requirements. If the design flood frequency is not specified, the engineer
shall base the selection of design storm magnitudes not only on the protection sought but
also on the type of construction contemplated and the consequences of storms of greater
magnitude than the design storm as specified in References 1 and 9.

Hydrologic studies for USACE-AED projects are generally concerned with the estimate of
peak flow rates for use in the hydraulic design of channels, culverts, and erosion control and
energy dissipation structures. In limited situations where ponding capacity is required, such
as detention or infiltration facilities, runoff volume estimation is required. General USACE
design information is provided in Reference 1.

Two hydrologic methods are preferred for use on USACE-AED projects: the Rational
Method and the unit hydrograph method. The Rational Method shall be used when the
catchment area draining to the structure or other point of concentration is less than one (1)
square kilometer (247 acres). The Rational Method is generally limited to the calculation of
the peak flow rate. The unit hydrograph method is required for drainage areas greater than
one square kilometer. The theory and assumptions involved with these methods are well
documented in design manuals and hydrologic engineering texts; two references which can
be obtained from U.S. Government internet sources are included in References 2 and 3.
The intent of this guide is to provide standardized data and assumptions in the use of these
methods to simplify design and review of projects.

3. Design Conditions

Ground conditions affecting runoff must be selected to be consistent with existing and
anticipated development and also with the characteristics and seasonal time of occurrence
of the design rainfall.

Design conditions for the Rational Method consist of the runoff coefficient (C), the rainfall
intensity-duration-frequency relationship, and the time of concentration. The runoff
coefficient is a single parameter that considers soil type, land use cover (bare, vegetation, or
pavement) and slope. There are several sources for C values that are acceptable provided
they are accompanied by a complete reference in the design analysis. Generally the more
information that is used in the C-value evaluation, the more accurate the flow estimation will
be. A suggested chart is included in the next section that has compiled C values from
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several references.

In the majority of areas such as military, industrial, and cantonment areas, the design storm
will normally be based on rainfall of 10-year frequency. This is equivalent to an annual
probability of being equaled or exceeded equal to ten percent each year (Probability=1/10=
0.1, or 10 percent expresses as a percent). Potential damage or operational requirements
may warrant a more severe criterion which shall usually be stated in the contract technical
requirements. A lesser criterion may also be employed in regions where storms of an
appreciable magnitude are infrequent and either damages or operational capabilities are
such that large expenditures for drainage are not justified. The design of roadway culverts
will normally be based on 10-year rainfall. Examples of conditions where greater than 10-
year rainfall may be used are areas of steep slope in which overflows would cause severe
erosion damage; high road fills that impound large quantities of water; and primary diversion
structures, important bridges, and critical facilities where uninterrupted operation is
imperative.

4. Runoff Computation Methods

The design procedures for drainage facilities involve computations to convert the rainfall
intensities expected from the design storm into runoff rates which can be used to size the
various elements of the storm drainage system. As previously stated, there are two basic
approaches: direct estimates of the proportion of the average rainfall intensity which will
appear as the peak rate of runoff (Rational Method) and unit hydrograph methods which
account for losses such as infiltration and for the effects of flow over the surface to the point
of design. The Rational Method approach can be used successfully by experienced
designers for drainage areas up to 100 hectares in size and is discussed first. For
watershed sizes greater than one square kilometer a second approach shall be used
to compute peak runoff that includes techniques to generate hydrographs, or
calculation of a continuous flow rate over time, for surface runoff where studies of
large drainage areas or complex conditions of storage require hydrographs are
required.

4.1. Rational Method
To compute peak runoff using the Rational Method the following equation is used.

Q=kCIA

Where
Q=peak flow (m*/sec.)
k=0.278 (dimensionless)
C=runoff coefficient (dimensionless)
I=rainfall intensity (mm/hr)
A=drainage area (km?)

The k value in the above equation is a conversion factor to convert the peak flow into units
of m¥second.

a) Runoff Coefficient. The runoff coefficient (C) is a variable of the Rational Method
that requires significant judgment and understanding on the part of the designer.
The coefficient must account for all the factors affecting the relation of peak flow to
average rainfall intensity other than area and response time. A range of C-values is
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typically offered to account for slope, condition of cover, soil moisture condition prior
to the storm, and other factors that may influence runoff quantities. Good
engineering judgment must be used when selecting a C-value for design and peak
flow values because a typical coefficient represents the integrated effects of many
drainage basin parameters. When available, design and peak flows should be
checked against observed flood data. The following discussion considers only the
effects of soil groups, land use, and average land slope.

As the slope of the drainage basin increases, the selected C-value should also
increase. This is because as the slope of the drainage area increases, the velocity of
overland and channel flow will increase, allowing less opportunity for water to
infiltrate the ground surface. Thus, more of the rainfall will become runoff from the
drainage area. The lowest range of C-values should be used for flat areas where the
majority of grades and slopes are less than 2 percent. The average range of C-
values should be used for intermediate areas where the majority of grades and
slopes range from 2 to 5 percent. The highest range of C-values should be used for
steep areas (grades greater than 5 percent), for impervious areas, and for
development in clay soil areas.

It is often desirable to develop a composite runoff coefficient based on the
percentage of different surface types in the drainage area. The composite procedure
can be applied to an entire drainage area or to typical "sample" blocks as a guide to
selection of reasonable values of the coefficient for an entire area. Impervious areas
such as roadways, need to be accounted for in actual design. An example table of
runoff coefficient values is provided Table 1.

Table 1. Runoff Coefficient Values (10-year storm frequency)

Rational Method Runoff C Coefficients

Rolling
Type of 2% to |Mountains
Cover Soil Type Flat 10% over10%
Buildings and roofs 0.90 0.90 0.90
Concrete pavedsurfaces 0.80 0.90 095
Asphalt pavedsurfaces 0.70 0.80 0.90
bare &
Earth embankments |compacted 0.60 0.60 060
Gravel road shoulders 0.50 0.55 0.60
Sidewalks | 0.80 0.82 085
Grassed areas sandy 0.10 0.15 0.20
Grassed areas clay 015 0.20 030
sand &
Farmed land gravel 025 0.30 035
Farmed land clay&loam| 0.50 0.55 060
steppe forest sandy 0.10 0.15 0.20
bare &
semidesert land loose 0.10 0.20 0.30

Source: References 7 and 8
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Other values that might be more appropriate for specific projects may be used
provided they are completely referenced in the design analysis.

b) Rainfall Intensity. The rainfall intensity in millimeters/hour is generally determined
from Intensity-Duration-Frequency (IDF) curves, if available. IDF curves are
developed for regional areas as opposed to using one value for the entire sections of
the country due to the wide fluctuations in rainfall over a large area. Sufficient
information is available from sources in Afghanistan that merit the use of local data
rather than attempts to derive IDF relationships from other countries. Data obtained
from The Ministry of Energy and Water (MEW). The data was developed into IDF
curves shown in Appendix B. The curves were developed as follows:

e Maximum annual 24-hour rainfall total depth measurements were compiled
and fit to the Log Pearson Type Il probability distribution using the Corps of
Engineers computer program FFA (Reference 4); 10-, 20- , and 50- year 24-
hour peak rainfall intensities were calculated

e The peak 24-hour intensities for each frequency were multiplied by ratios to
obtain hour, one-hour, 30-minute, and 15 minute rainfall intensities for each
time duration. The ratios were based on regional rainfall intensity durations
curves obtained from MEW.

e The calculated rainfall intensity data were plotted on charts using log-log
abscissa and ordinate scales

In regions where no I-D-F curve is available, the rainfall intensity may be calculated
by the following formula:

I=(RI24)*(24/T)
Where

I=rainfall intensity (mm/hr)

R=maximum daily rainfall for design frequency (mm)

T.=time of concentration (hr)

K = a regional coefficient whose approximate value is 0.722 for Afghanistan for 10-
year storm

c) Time of Concentration. Time of concentration is the time for runoff to travel from
the most hydraulically distant point in the watershed to the point of interest within the
watershed. The time of concentration is the sum of the overland flow time, the
shallow concentrated flow time and the channel flow time. For almost all drainage
areas the maximum length of the overland flow will be approximately 100 meters.
Overland flow will normally occur at the upper ends of the drainage or installation
catchment area and will occur over relatively smooth surfaces such as parking areas
and flat slopes. In areas where shallow ditches occur, the runoff will not be overland
flow but will concentrate into shallow channels. Farther downstream the shallow
channels such as gutters and surface swales further concentrate into open channel
drainages. The following figure illustrates the concept of these flow components.
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Source: Reference 3.

The overland flow time of concentration may be determined by the following
nomograph in Figure 1. A nomograph is a chart usually containing three parallel
scales graduated for different variables so that when a straight line connects values
of any two, the related value may be read directly from the third at the point
intersected by the line. Notice that the units on this nomograph are U.S. customary
units and the result should be obtained first in this unit system and converted to Sl
units because the nomograph is based on the equation shown on it that uses
empirical constants developed in this unit system.



AED Design Requirements
Hydrology Study

Figure 1. Nomograph for Overland Flow Time of Concentration
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The overland flow time of concentration is determined by drawing a straight line
through the flow length of the overland flow and the surface type or rational runoff
coefficient and extending this line to the pivot line in the center of the nomograph. A
line is then drawn from the intersecting point of the first line and the pivot line through
the overland flow slope and extending this line to the concentration time line.
Alternately the equation given in the top of Figure 1 can be used to calculate the time
of concentration.
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Shallow concentrated flow will occur after the maximum length of overland flow;
generally within a distance of 100 to 150 meters such as in the depressions on the
side of a slope or mountain. The designer should use topographic maps to
determine where the shallow concentrated flow will begin and end such as a shallow
watercourse. Topographic maps can be obtained from project survey drawings or for
areas not within the project limits from Reference 6. The map scale for Afghanistan
topographic maps is 1:250,000, and therefore will generally be used in conjunction
with a CAD program to enlarge, scale and compute the area from an image file.

Shallow concentrated flow time of concentration is determined by dividing the flow
length by the flow velocity. The flow velocity is determined by the following
nomograph:

Figure 2. Nomograph for Shallow Concentrated Flow Velocity
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Enter the nomograph using the slope of the shallow concentrated flow path and
extend a line horizontally until the diagonal line of the appropriate surface type is
intersected. From this point, extend the line straight down to determine the average
velocity. The average velocity of the above nhomograph is expressed in ft/sec. which
is converted to m/min by multiplying by 18.29. The equations for these surfaces are:

Unpaved surface:  y=16.441*x>°%%  where: x = slope, ft/ft
Paved surface: y = 19.794 * x*48% y = average velocity, ft/s

Total time of concentration (T) is the sum of the overland and shallow travel time (To), plus
the concentrated channel travel time (Tc¢), if any. An example is provided showing the steps
necessary to calculate T using the previous concepts and equations.

Channel flow will occur in swales, ditches or underground culverts that have a sufficient
volume to adequately convey the flow. Channel flow time of concentration is determined by
dividing the flow length by the flow velocity. The channel flow velocity is determined by
Manning’s formula as shown below.

V = 1.0 *R*®" g2 n = roughness coefficient V = 1.49* R g2
n R = hydraulic radius, cross n
V = flow velocity (m/sec) sectional flow area/wetted V = flow velocity (ft/sec)
perimeter

S = channel slope (m/m)
Manning’s roughness coefficients (n) for channel surfaces are provided below in Table 2.

When designing channels for drainage collection and conveyance, stone or concrete lined
trapezoidal channels with 120 degree interior angles are strongly recommended since they
are compact, and can collect and efficiently convey significant quantities of water. Earthen
swales with side slopes of 3 Horizontal to 1 Vertical may be used in flat areas, but these
channels erode quickly when subject to high flows. Channels on AED projects shall be lined
and trapezoidal when possible. Channel design and safety factors are described below.

Size channels in the following manner: Calculate the required flow area. Add a safety
factor of 33% to both the horizontal and vertical channel dimensions to allow for sediment
buildup and trash in the bottom. Add an additional 150mm freeboard height to the channel
configuration which already includes the safety factor. More freeboard may be required at
bends in the collection system.

Channels shall not make sharp 90 degree bends, but shall have smooth curves for turns.
Conveyance systems with combinations of channels and culverts shall provide equal flow
area for both styles of conveyance to prevent creating flow restrictions and potential
flooding. Energy dissipation devices shall be provided where grades create high velocities.
Where a 90 degree bend cannot be avoided due to site constraints, a covered, manhole
type structure may be necessary to prevent spillage out of the channel.

NOTE: Even though flow calculations may indicate that smaller channels will
adequately convey flows, the smallest channel allowed on AED projects shall have a
bottom width of 400mm and a side height of 400mm. Final channel configuration
shall include the required flow area plus the 33% safety factor plus the required
freeboard.
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Table 2. Manning’s Channel Roughness Coefficient

Type of Channel and Description Minimurm MNormal Maximum
LINED CHANMNELS (Selected linings)
a. Concrele
1. Trowel finish 0.011 0.013 0.015
2. Float finish 0.013 0.015 0.016
3. Gunite, good section 0.016 0.019 0.023
b. Asphalt
1. 8mooth 0.012 0.013 -
2. Rough 0.016 0.016 -
EXCAVATED OR DREDGED
a. Earth, straight and uniform
1. Clean, recently completed 0.016 0.018 0.020
2. Clean, after weathering 0.012 0.022 0.025
3. Gravel, uniform section, clean 0.022 0.025 0.030
4_'With short grass, few weeds 0.022 0.027 0.033
b. Earth, winding and sluggish
1. No vegetation 0.023 0.025 0.030
2. Grass, some weeds 0.025 0.030 0.033
3. Dense weeds or aguatic plants in deep channels  0.030 0.035 0.040
4. Earth bottom and rubble sides 0.025 0.030 0.035
5. Stony hottom and weedy sides 0.025 0.035 0.045
6. Cobble bottom and clean sides 0.030 0.040 0.050
c. Dragline excavated or dredged
1. Mo vegetation 0.025 0.028 0.033
2. Light brush on banks 0.035 0.050 0.060
d. Rock cuts
1. Smoacth and uniform 0.025 0.035 0.040
2. Jagged and irregular 0.035 0.040 0.050
e. Channels not maintained, weeds and brush uncut
1. Dense weeds, high as flow depth 0.050 0.080 0.120
2. Clean bottom, brush on sides 0.040 0.050 0.080
3. Same, highest stage of flow 0.045 0.070 0.110
4. Densebrush, high stage 0.080 0100 0.140
NATURAL STREAMS
1. Minor streams (top width at flood stage <100 ft)
a. Streams on Plain
1. Clean, straight, full stage,
no rifts or deep pools 0.025 0.030 0.033
2. Same as above, but more stonesfweeds 0.030 0.035 0.040
3. Clean, winding, some pools/shoals 0.033 0.040 0.045
4. Same as above, but some weeds/stones 0.035 0.045 0.050
5. Same as above, lower stages,
more ineffective slopes and sactions 0.040 0.048 0.055
6. Same as 4, bhut more stones 0.045 0.050 0.060
7. Sluggish reaches, weedy, deep pools 0.050 0.070 0.080
8. Very weedy reaches, deep pools, or
floodways with heavy stand of timber
and underbrush 0.075 0.100 0.150
b. Mountain streams, no vegetation in channel,
hanks usually steep, trees and brush along
hanks submerged at high stages
1. Bottom: gravels, cobbles and faw 0.030 0.040 0.050
boulders
2. Bottom: cokbles with large houlders 0.040 0.050 0.070
2. Floodplains
a. Pasture, no brush
1. Short grass 0.025 0.030 0.035
2. High grass 0.030 0.035 0.050
b. Cultivated area
1.Mo crop 0.020 0.030 0.040
2. Mature row crops 0.025 0.035 0.045
3. Mature field crops 0.030 0.040 0.050
¢. Brush
1.Scattered brush, heavy weeds 0.035 0.050 0.070
2.Light brush and trees, in winter 0.035 0.050 0.060
3_Light brush and frees, in summer 0.040 0.060 0.080
4 Medium to dense brush, in winter 0.045 0.070 0110
5. Medium to dense brush, in summer 0.700 0.100 0.160
d. Trees
1. Dense Willows, summer, straight 0.110 0.150 0.200
2 Cleared land with tree stumps, no
sprouts 0.030 0.040 0.050
3. Same as above, but with heavy
arowth of sprouts 0.050 0.060 0.080
4. Heavy stand of timber, a few down
trees, litlle undergrowth, flood stage
below branches 0.020 0.100 0.120
5.3ame as above, butwith flood stage 0.100 0120 0160
reaching branches
3. Major Streams (top width at flood stage > 100 fi)
The n-value is less than that for minor streams of
similar description, because banks offer less effective
resistance.
a. Reqular section with no boulders or brush 0.025 - 0.060
b. Irregular and rough section 0.035 - 0.100
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Several alternative methods are available for estimation of the time of concentration that are
based on empirical relationships for specific geographic areas and caution should be
exerted in their application to a specific site. For example, another method for overland time
of concentration is Kirpich’'s formula. It is based on analysis of data for watersheds in the
state of Tennessee in the United States and has not been validated for Afghanistan. Note
the units are customary US units are used in some of these methods which should be used
to provide the results because the formula is based on empirical coefficients derived in that
unit system.

4.2. Soil Conservation Service (SCS) Unit Hydrograph Method

As the drainage basin size increases, the Rational Method becomes less accurate for a
number of reasons. The principal reason is that the underlying concept behind the method,
namely that the peak rainfall intensity duration is equal to the time of concentration no longer
is a reasonable assumption. The water courses in larger basins have flood plains that will
reduce larger flood flow rates because they will store flood water in their overbank areas
thereby reducing the peak discharge rate. Large basins have more varied topography which
correlates to varying times of concentration. Because of these and other limitations,
numerous methods for developing unit hydrographs for selected watersheds have
developed. The Rational Method may significantly overestimate the peak discharge
rate for larger basins and therefore the limit of 1 square kilometer for it has evolved
from engineering experience as a useful upper limit.

A unit hydrograph is defined as the direct runoff hydrograph (flow rate versus time
relationship) from one unit of excess rainfall (usually 1 cm in Sl units) generated uniformly
over the drainage area at a constant rate for an effective duration of time. References 2
and 3 provide information on the theory and calculation details.

Because the solution to the total hydrograph computation involves successive convolutions
of unit hydrographs for the period of the storm, the method is suitable to the use of computer
programs for execution. Several programs are available from US Government agencies that
are based on a particular unit hydrograph shape known as the SCS unit dimensionless
hydrograph; reference 3 shows the location for one such program HEC-1 Flood hydrograph
package. This program allows the user to employ the SCS unit hydrograph method with a
hypothetical rainfall pattern constructed from data obtained from the intensity-duration-
frequency curves (previously described in the rational method) to compute runoff
hydrographs. In order to simplify the use of the SCS method for drainage areas in the range
of one to two square kilometers which are common on road projects in Afghanistan, graphs
have been prepared of peak discharge and runoff volumes have been computed for use
shown in Figure 3. Results for other basins sizes can be obtained by the ratio of the
drainage areas multiplied times the values from the figure. For large basins (greater than 10
sq km) a factor shown in Appendix C may be applicable.

10
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Figure 3. SCS Unit Hydrograph Results for 1 Sq Km Drainage Area
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Caution should be used applying data in Figure 3 for basins greater than two square
kilometers in size because the floodplain attenuation effects in larger watersheds are
neglected. Use of the curves requires calculating the basin lag defined as 0.6 times the time
of concentration and the approximate runoff ratio based on the rational method or from data
to develop curve numbers described below. For basins larger than 2 square kilometers or
other flood frequency (than 10-year) storms, the design should be based on calculating the
runoff using a computer model that supports the SCS method. If more than one basin
analysis is required, a computer model should be used to perform hydrologic routing of the
individual basins; Figure 3 curves do not include these affects and should not be used to
combine more than one basin results.

The SCS unit hydrograph technique is described in reference 2. There are two basic
parameters required to use this method: basin lag and basin runoff curve number (CN)
value. Basin lag is defined by the method as approximately 0.6 times the time of
concentration (previously described in the rational method). The curve number is a
dimensionless number that is an empirical function of soils slope, and land cover. It is used
in the SCS method to determine the amount of rainfall retention over time that the
watershed can hold. The excess becomes runoff. The curve numbers were derived
empirically for non urban areas in the United States following a long program of collecting
measurements at Soil Conservation Service hydrologic field stations of stream flow,
precipitation, land cover and soil moisture. Tables of CN values for different hydrologic soil

11
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groups and land use are published in several sources.

Soil types are defined as follows:

Group A:
Group B:
Group C:
Group D:

deep sands, deep loess, aggregated silts

shallow loess, sandy loam

clay loams, shallow sandy loams, and soils high in clay

soils that swell when wet, plastic clays, and certain saline soils

Soil classification is defined in the SCS soll classification textural triangle shown in Figure 4.
The availability of soil classification in regions of Afghanistan can be determined using
internet sources (see References 5 and 6). Surface soil classification from geotechnical
reports for project foundation design can also be used as a source of soil information
provided the top soil horizon is used for determination of the runoff curve number.

Figure 4. SCS Soil Classification for Soil Groups
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The following Table 3 contains an example from Reference 2 of curve number values.

12
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Table 3. SCS Curve Number for Hydrologic Soil Groups

Tabie -5

Runetl CN's for Hydrologic Soil-Cover Compiexes
{(Antecedent runoff condition i, and Iy = 0.25)

Cover Hydrologic Sail Group

Treatment or practice Hydrolagic A B C o
Land use Condition

Fallow Straight row 77 86 81 34
Row crops Straight row Poor 72 81 88 H
Good &7 78 85 89
Contoured Poor Fi:] 79 B4 83
Good 65 75 B2 85
Contoured and teraced Poor 66 74 BO 82
Good €2 71 T8 B
Small Straight row Pooar 85 76 84 84
grain Good 63 75 83 87
Contoured Poor 63 74 a2 a5
Good g1 T3 B1 84
Contoured and temraced Poor 61 T2 TG B2
Good 59 T0 T8 81
Close- seaded Straight raw Poor &6 7 &3 g9
Iogumes1 Goad 58 72 81 as
or Contoured Poor 64 75 a3 85
rotation Good 55 59 78 53
meadow Contoured and temaced Poor 53 73 80 83
Good 51 87 76 80
Pasture Paor 68 78 86 89
or ranga Fair 49 69 78 a4
Good 39 g1 74 8
Coantoursd Poor 47 &7 a1 84
Fair 25 58 75 83
Good § 35 T 79
Meadow Good 30 58 71 78
Woods Poor 45 66 77 83
Fair 38 B0 73 75
Good 25 55 70 77
Farmsteads 59 74 8z 86
Roads (dirts)’ 72 82 87 89
(hard sudaee}z 74 B84 a0 82

! Closed-drilied or broadeast,
Including right-of-way.

13
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5. Design Submittal Documentation

Design analysis reports shall summarize the results of the calculations in a tabular form.
The contents of the table shall include the following information:

basin name/ or culvert number

drainage area

calculated time of concentration

rainfall intensity for design storm

runoff coefficient in rational method for the basin

reduction for total area factor

peak flow rate at the point of concentration (for structure design)

channel sizing calculations showing equations used, assumptions, Manning
coefficients, channel dimensions including sketches with bottom, side and freeboard
dimensions, slopes, velocities, maximum capacities and anticipated conveyance due
to site-specific storm requirements.

Submittal shall include drawings or sketches that identify the catchments areas used n the
calculations.
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Topographic Map Index Information for

e =

USGS Afghani%ian_TBpographic Maps

The U5, Geological Survey (USGS]) has used TN Timips lo pre-
pare & series of 32 topographic maps of Afghanistan at a scale
of 1:230,000, in cooperation with the Afghan Geological Sur-
vey and Afghanistan Geodesy and Carwogruphy Head Uffice,
These maps provide complete coverage of the country and are
published electranically in the U/SGS Open File Report serics
as PDF map files that can be printed to scale. Each map covers
a quadrangle 1° latitude by 2° longitude in size, or portions of
several quudrangles along the border of the country. The com-
plete map references are listed on the reverse side of this page
along with a download link, and the index map to the right shows
the map areas with report numbers. A companion zeries of geo-
logic maps has also been published (see the Technical Guide
entitled USGS Afphaninan Geologic Maps),

The map compilers at the USGS used the Surfece Modeling
process in TNTmips to generate topographic contours for the
maps from Shuttle Radar Topography Mission (SRTM) 85-m
digital elevation data. The contours are overlaid on a color
shaded-reliefimage also derived from the SRTM data using the
TNT Slope, Aspect, Shading process (now the Topographic Prop-
erties process). The stream lines are selected Mow path lines
generated from tha SRTM data using the TNTmips Watcrshed

Mng ez wilh Open File Repon
Mumber {eg J005-1116-5]

gh

Cadranghe, labaed by
Saliude and longiude:
of wer |of comer

deg Latiods 34° W
Leapluds 83* £}

process. This process antomatically generates stream order at-
tribates for the flow paths, and a selection query on the Horton
stream order value was used to extract an appropriate density of
stream lines for each map. {over)

A

Portion of Topogrephic Map of Quadrangles 3665 and 3766, Balkh (218), Mazar-I-Sharif (220, Qargin (213), and Hazara Toghai (214)
Qusdrargles, Afghanistan, U5, Geolegical Survey Open File Report 2005-1083-8, complled by Robert G, Bohannon. Exiract is
shown at the published seale af 1:250,000.

Microlmages. Inc. = 11th Floor = Sharp Tower = 206 South 13th Street = Lincoln, Mebroska = €8508-2010 = USa
Voice (402M77-5354 + FAX (402M477-0559 - email infofimicroimages.com « wel wwwmicroimages.com = June 2007
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All of the 32 Afghanistan Topographic maps listed below are available for free download as POF files
from: hitp:lfpubs.usgs.gov/off2005. See the index map on the reverse side of this page for locations.

Topographic Map of Quadranglex 3764 and 3664, Jatufin (117}, Kham-4h (118),
Char Shamgho (123), ard Sheberghaen (174) Quadrangles, Afhanistan, 1§
Geological Survey Open File Report 2003-1082-B, compiled by Robert G
Holasnon,

Thpagraphic Map of Quadvmgles 1666 snd 3766, Balth (318), Hmw—a’-&-‘w{
(2008, Qawgin (213), aved Hemerrr Tagheri (2183 Quesdrargles, Afihanistan, 1
Geological Survey Open File Report 2005-1093-B, complled by Roben G.
Bohannia,

Topagraphic Map of Quadrangier 3788 and 3658, fmam-Saheb (215). Mg
{216), Bahian (22), and Talogan (223) Oradramgles, Afghaniriom, 175 Gao-
logical Survey Crpen File Report 2005-1094-B, compiled by Robert G.
Bohannon,

Teprograpivic Mag of Guadranglas 3N and 770, Maymrsnd (211), samcrf-f-
Bala {213), Fapse-Abad (217), and Farkhaw {218) Duadrangles, Afhanisian,
U5, Gealogseal Survey Open File Report 2005-1095-B, compiled by Rabest
G Bobannon

Tepographic Map of Ouadramgle T670, Jarm-Keshem (223) and Zebak (224}
niadramgles, Afghanisian, U5, Geological Survey Open File Report 2005-
1096-B, compiled by Robert (; Bohannon.

Thpograpfuc Map of Quadramgies 3772, 3774, 3672, and 3674, Gaz-Khan (313),
Sariuad {314), Kob-i-Uhagmagtin (315), Khandud (313, Deb-Chafaman (320),
and Ertfinh (321} Qouardrernygles. Afihanizim. 1.5, Geological Survey Open File
Report 2003-1087-5, cempiled by Robert G Bohaanon.

Topographic Map of Quadrangles 3560, 3562, and 3663, Siv Band [402),
Kharaja-fir (#03), Bala-Murghab (404). and Darab-I-Shor-I-Karamand (1220
Puadrangles, Afharistarn, U8, Geclogical Survey Open File Repart 2005~
1098-B, :nmpuad by Robert (G Bahannon,

Map af Quadranzic .TIIH Chahrisg Choard) (3103) ard Gorziwean

({ﬂn’} Puadrompgier, Afghanitan. U5, Geobogical Susvey Open File Repor
2005-1099-R, compiled by Robest G Bahsnnan.

Tepagraphic Map of Quadrangle 3566, Sang-Charak (5007 and Sayghan-0-
Kamarg [(302) Cuadrangles, Affaniztan, U5, Geological Survey Open File
Reporm 2003-1100-B, campiled by Bober G Bohannon,

H'pagrr{nkrc Map of Quadrangle 2558, Polekhomes (307} and Charikar (304)
 Afiphani U8, Gealogical Survey Open File Report 2005

1101-B. cmn]:llbd by Robert G Bohannon

Topographic Map of Qurdrangle 3570, Tagah-E-Murgian (305) and drmare

Kamdezh (3046) Quadrangles, Afghanintn, U.S, Geological Survey Open File
Repan 2005-1102-B, compiled by Robert (& Bohannon,

Topographic Map of Quadrangler 460 amd 3360, KalJ-Namaksar (407),
Crturyan (405, Kavte-{-MNatear (013), and Knbe-Mohmdo-Exmailfan (414)

& Afghurntinzan, 1.5, Geological Survey Open File Report 2005-
LE03-R, compéled by Roben (G Bohanson,

Topographic Moo af Ciadrangle T402, Herar (2007 and Chesit-Sharg (410)

Cuadrangles, Afghariztrs. 118, Geologicsl Survey Open File Reporn 2005-
1104-B, compiled by Robert (i Bakannon

Topagraphic Map of Guadregle 3454, Shakrk (411 and Kasi (412 Duad-
rangles, Afphanistan, 1.8, Geological Survey Open File Report 2005-1105-8,
compiled by Robert G Bahormon.

fﬂﬁwr Map of Quadrengle 3466, Lel-Sarjargal {397} and Samyan [508)
Chuadramgles, Afghaniptan. U5, Geobogical Suevey Open File Report 2005-
1106-B, compiled by Robért G Bohasncn,

Topagraphic Map of Chaadranle 3465, Chab Wardok-Seahgerd (509 and Kabu!
510 Cadraraies, Afeheaisran. UL, Gealogical Survey Open File Repart
2005-11077-B, compiled by Kobert G Boharmon,

Topegraphic ep of Quadrmgle 3470 and the Northern Edge of Quadrangle
F370, Jalal-Abad (511, Chaghasaray (513, and Narternmadt Jofi-Maydar
(317} Qundrangles, Afghanistan, U5, Geological Survey Open File Repoct
200511988, compiled by Robert G. Bohannpa,

Tepegraphic Map of Cuasrargie 3362, Thin-Dand (4 15) ard Tiksk (4761 Guad=
rangles, Afehanistan, U5, Geolagical Surviy Open File Report 2005-1 1098,
compiled by Robert G, Bakarnon,

Topographic Map of Choadrangle 3364, Pasa-Band (41 T) and Kefrar (415) Quad-
famgles, Afphoriion. 1,3, Geolugicd Survey Open File Repon 2008-1110-8,
compiled by Rabert G, Bahannen,

Topagraphite Moy of Ouodrangie 3366, Gizab (513) and Nawer {514) Cuwad-
rargles, Afpfaristan. U5, Oeological Survey Open File Report 2005-1111:8,
wompiled by Roben G Bohannon.

Topographic Map of (uadrangle 3368 and Part of (uadrangle 1570, Ghazm
(515, Gardez (516). and Part of Jaji-Meydar (517) Guadeangles, Afpharistar.

1.5, Geological Survey Open File Report 2005-1112-B, compiled by Robert
G Bohannon

Topagraphie Miap of Querdramgler 3260 anet 3160, Diash-E-Chivhe-damar [419),
Ancrdara (20), dgparan (631}, and Kang (602) Quadrangles, Afshanistan,
LS. Gealogical Survey Open File Report 2005-1113-B, compiled by Robert
(G Babannon,

Topegraphic Mep of Quadrangle 3262, Farah (421} and Hokumat-£-Pur-
Chaman [22) Quadrangles, Afghaninion. 115, Geobogical Survey Open File
Heport 2003-1114-B, compiled by Robert (3 Bohannan

Topegraphic Map of Qusdrangie 3164, Newzod-Mesa-Dale (423) e Dehrewat
(424} Choadrangles, Afphanisior. (L5, Geological Survey Open File Repont
2005-1115-B, compiled by Robert @ Balannon,

Tm-xnmﬁ:.i&.w o Cacrdemle $2dd, Chrsgom (309 and Mogur (A0 Qe
rangles, Afghanisian. U5, Goological Survey Open File Repart 2005-1116-R,
compiled by Robert G Bohannan

Topegraphie Map of Quadromgles 3165 and 7765, Yakya-Wama (708}, Wersek
{7043, Khugpr. Kot (521), qind Uirgon (523) Grasdrangles, Afighamistare. 11.5, Geo-
logical Survey Open File Repart 2005-1117-B, campiled by Robert G
Bohannon,

Topographic Map of Quadrangle 3162, Chakharsar (803) and Kotatak (504)
Cundrangles, Afphanislar. US, Geological Survey Open File Repon 2005-
1118-B, compiled by Robert G Bohannoa,

Topographic Map of Quadrangle 3164, Lashkarged (603) and Kandaiar (506)
Qurdrangles, Afghanisran, US. Geological Survey Open File Report 2005-
L119-B, eomapiled by Robert G Bohanmon

Toprographic Mep of Ouedrangle 3166, Jaldek (701 and MargNewa (702
Afghmmiztan. 115, Gealogicnl Survey Open File Repart 2005-
1120-B, comgiled by Rabest G Bohamman,

Topograpiie Mag of Quadrangles 3060 and 2960, Qeala-I-Fiugh (608), Mok
Saph-Foh (613), and Gosar-E-Sah f814) Owadrangles, Afphonistan. 115,
Geological Survey Open File Report 2005-1121-B, compdled by Robert G
Bolarmen,

Topegraphic Map of Qudsdrangles 3062 and 2062, Chardurjok (608, Khanneshin
(&1, Gawdezereh (61 5), amd Galachah (616} Quadramgles, Afgfhantstan. 1.8,
Geolagical Survey Open File Report 2005-1122-B, compiled by Roben G
Bohannon,

Tepographic Map of Quadrenples 3064, 3066, 2064, ard 2086, Laki. Sander
(6 1), Jekangir-Newerarn (612, Seh-Chena (707), ShoheExmail (51 7], Reg-
Alcizpaderi (618, and Samekhan-Kare: (713) Quadrangles, Afichaminian, US.
Geolopical Sarvey Open File Repoet 2005-1123.8, compiled by Robert G
Hohannon,

Microlmages, fnc. =

11ih Floor = Sharp Tower = 206 South 13th Street = Lincoln, Mebraska = 633058-2010 = USA
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Appendix A Example of Rational Method

A site review for a road project in Nuristan Province has determined that a culvert
should be designed based on the ten-year storm peak flow using the rational
method. The location of the project is shown on a topographic map obtained from
the internet site listed in reference 6. The web site was used to obtain a photograph
that shows the ground cover conditions. These are shown below:

Drainage area map determined using AutoCAD
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Jalalabad IDF Chart:

Rainfall intensity, mm/hr

100.0 4

Jalalabad

10.0 +

1.0 T T
10 100 1000

Rainfall duration, minutes

——e—— 10yr  —m—— 20-yr e 50-yT

10000

Based on Topographic Map:

Step

1

To = Overland flow time for concentration = 0.275%L0”"0.42)*(So”"-0.19)*(C"-1.0)

So = A Elevation = 984 Based on map contour over longest flow distance
Ls 1,273 Longest length required for flow

So = 0.77

Lo (ft) = 492 Length of shallow overland flow (Max = 150 m)

C= 0.3 Runoff coefficient from Table 1

0.3 = coefficient for greater than 10% slope, semi desert
To= 0.275%(49270.42)*(0.772-0.19)*(0.3"-1.0) = 13 minutes

Tc = Unpaved Watercourse flow time of concentration = L/Vavg = L/16.441*(Sc"0.5603)

Sc = A Elevation = 1,312 Based on map contour over longest flow distance
Lc 1,804 Based on map measurement of channel length
Sc = 0.73
Tc= 1,804 = 129 seconds = 2.2 min
16.441%(0.73"0.5603)

T = Total flow time for concentration / Rainfall Duration (minutes) =

To +Tc = 13 min + 2 min = 15 minutes
Drainage Area = 0.901 km*
Ten year storm rainfall intensity = Based on Area Rainfall Intensity Hydrograph
| = 62.0 mm/hr

Q =Flow at time of concentration (ratinoal method) = Q = 0.278*C*A*|

Q= 0.278*.3*0.901*14.0 = 4.65 m”/sec
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Appendix B Intensity-Duration-Frequency Curves for Selected Project Regions
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Jalalabad
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Ghazni
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Farah IDF
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Baghlan/Kunduz
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NOTE:

If rainfall data for a 10-year storm event is not available within a particular
project site area, a value of 50mm/hr shall be used in calculating design flows.
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FIGURE 14.1.3

Depth-area curves for reducing point rainfall to obtain areal average values. (Source: World Meteo-
rological Organization, 1983; originally published in Technical Paper 29, U. §. Weather Bureau,

1958.)
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