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Chapter A- 1 

STREAM GAGING 

Stream-Gaging Network 

1.1 The extension and improvements that we have planned and 

executed for the previously existing stream-gaging network i s  geared to  

the proposed development program in Iraq. The network of stream gages 

that has provided reasonably reliable records a s  far  back a s  1930 has been 

very useful in planning work to date. However, several of these gages 
' were in need of improvement, and additional gages were needed for future 

planning and operational purposes. 

1.2 The purpose of the stream-gaging program can best be demon- 

strated by reference to Exhibit A-1. The new gage at  Tusan i s  intended 

to furnish data for possible future international discussion of available 

waters of the Tigris River. The new stations at  Ifraz, Goma Zerdala, 

and Narrows replace old stations nearby where the quality of records was 

undependable because of the location of the old gages. The new stations 

at  Jindian and Balikian were intended to give more intensive data on the 

runoff from the Ruwanduz Basin. These stations, in conjunction with 

more intensive meteorological and snow survey installations, will facili- 

tate hydrologic investigations to add to the knowledge of the runoff char- 

acteristics of the mountainous regions of Iraq. The improvements noted 

at five other stations (Zakho, Tusan, Manquba, Dokan Ferry,  and Fatha) 

a r e  for the purpose of raising the standard of data at these stations that 

a r e  of prime importance in planning and operation. 



1.3 The locations at  which we have made new gaging installations 

or  improvements to existing stations a r e  described in detail in Annex A-1 

at  the end of this appendix. The description of each station includes the 

location, description of the installation, and statements concerning flow 

characteristics and control. Site sketches and sections of the gages a r e  

shown on Exhibit A-2. 

Measurement Procedures 

1.4 The following procedures and standards a r e  recommended for 

discharge observations in Iraq. They a re  based on experience elsewhere 

modified by local experience to take into account both conditions and prior 

usage in Iraq. The procedures were developed by the Hydrological Survey 

after consultation and agreement with representatives of the Irrigation 

Directorate. 

Frequency - of Discharge Measurements 

1.5 The frequency of discharge measurements for a particular w 

station should be decided by the supervisor. The general rule should be 

to obtain two measurements a month during low flow and at least one each w 

week at  other times, with a measurement near the peak of each significant 
*il 

r ise.  Measurements should be more frequent for new stations and for 

stations subject to shifting of the stage-discharge relationship. 
is 

Preliminary Steps 
*u 

1.6 When visiting a station, the discharge observer should f irst  

read al l  gages, both inside and outside the gage structure, and enter the ha 

readings, the time, and the name of the river and station on the measurement 
\E, 



form and the recorder chart. He then should wind the clock, taking care  

that the clock weight cable on the drum does not overlap itself, a s  this 

might stop the clock. He should next remove the used portion of the re -  

corder chart i f  i t  has been six weeks or more since it was last removed. 

He should also check the chart supply roll and install a new roll i f  there 

i s  any likelihood that the supply roll will be exhausted before the observer 

again visits the gage. He should then flush the intake pipes a s  described 

in Chapter A-3. After flushing the intake pipe sufficient time should be 

allowed for the water level in the gage well to return to r iver level. The 

recorder should finally be restarted and al l  gages read again. The follow- 

ing should be written on the chart: 

a. Name of the river and station, 

b. Date and time opposite a time mark formed by a slight 
movement of the float wheel, 

c. Readings of a l l  gages, 

d. The statement "Intake pipe flushed, " 
e. The observer's name, 

f. Any other pertinent information. 

1.7 The observer should then prepare his equipment for the discharge 

measurement and read and record a l l  gage readings again immediately be- 

fore starting the actual measurement and immediately after the measure- 

ment. He should check the operation of the automatic recorder again be- 

fore leaving the station. 

Number - of Measuring Sections 

1.8 The discharge observer should plan the number of vertical sections 

to be used. He will  know from previous measurements the approximate 



width of the river and should space the measuring verticals to give about 

30 sections. The discharge measurement form has space for about 20 

sections, so two sheets will usually be required. An example of a com- 

pleted discharge measurement form i s  shown on Exhibit A-4. The dis-  

tance between verticals should be smaller where the flow i s  greatest, and 

an effort should be made to avoid having more than five percent of the 

total flow represented by any one vertical. Special conditions of turbu- 

lence and non-uniform flow, for example near bridge piers, may require 

additional verticals in the cross  section. 

Soundings - and Angles 

1.9 The current of the river will cause the current meter to be 

carried downstream somewhat so that the sounding line will not be verti- 

cal. It therefore i s  necessary to make corrections to the apparent sound- 

ing depth in order to obtain the true depth of the river. The "wet line" 

correction i s  necessary for that part of the sounding line below the water 

surface. An "air line" correction must be applied for the length of line 

above the water unless the "tag" method i s  used. The tag method speeds 

field measurements and office computations and i s  more accurate; thus it 

i s  preferable to the a i r  line correction method. Both methods require 

that the vertical angle of the sounding line be measured. 

1.10 In the tag method pieces of cloth or rubber about ten centimeters 

long a re  taped to the sounding line at known distances above the bottom of 

the sounding weight spaced at  one or two-meter intervals. The various 

tags should be of different colors to help in identification. The current 

meter i s  lowered into the water until the last tag that can be submerged i s  

level with the water surface. If this tag should be, say, four meters  



above the bottom of the sounding weight, the depth indcator i s  then set at  

four meters  and the sounding weight lowered to the bottom. The vertical 

angle will change very little in this distance, so the depth indicator will 

register a depth that need be adjusted only for the wet line correction. 

The spacing of the tags should be checked before each discharge measure- 

ment and any loosetags reset and taped firmly to the line. Exhibit A-4 

shows both the wet line correction and the dry line correction (for use when 

applicable) for various vertical angles. 

1.11 The two-table method must be used in correcting soundings for 

vertical angle i f  tags a r e  not used. The a i r  line correction i s  made first  

and the wet line correction last. The use of the tables is illustrated by the 

following example: For a specific sounding, the distance from the water 

surface to the sounding reel  or sheave i s  four meters.  The bottom of the 

weight i s  positioned so that it barely touches the water surface, and the 

depth indicator i s  set at  zero. The weight i s  then lowered until i t  just 

touches the bottom of the river a s  indicated by the pull on the sounding line. 

At this point the depth indicator reads, say, 8.40 meters, while the sound- 

ing line i s  carried downstream ten degrees from the vertical. The a i r  

line correction table i s  entered on the line containing the number "4" in 

the f irst  column. The correction i s  found on this line in the column headed 

lo0 and i s  six centimeters. This i s  subtrated from the apparent sounding 

of 8.40 and shows that the length of line (including meter and weight) actually 

in the water i s  8.34 meters. Since the wet line i s  slightly curved, a fur- 

thur correction must be made to determine the vertical distance between 

the water surface and the bottom. This i s  done by entering the second or 

"wet line" table with the value 8.34 in the f irst  column and obtaining the 

wet line correction of four centimeters (to the nearest centimeter) in the 



column headed 10'. The corrected sounding therefore will be 8.34 meters  

minus four centimeters or 8.30 meters. Interpolation, both vertically 

and horizontally, will usually be required, but this can be done visually 

with sufficient accuracy. 

1.12 It is  necessary to make a horizontal angle correction for the 

angle of the current at any section where i t  i s  not perpendicular to the 

measuring section. The corrected velocity i s  the measured velocity times 

either the cosine of the angle of deviation from the perpendicular or the 

sine of the angle between the current and the cross section. Special columns 

a re  provided for these corrections on the discharge-measurement forms. 

Computations and Accuracy 

1.13 The computations of discharge a r e  based on the measurements 

of width, depth, and average velocity a t  each vertical. Computations 

should be made by the mid-section method, in which the depth and velo- 

city at each vertical a r e  considered to be applicable halfway to the ad- 

jacent verticals on either side. Computations a r e  made directly on the 

measurement forms, which are  self-explanatory. An example of a com- 

pleted discharge measurement i s  shown on Exhibit A-4, where the number 

of sections has been reduced below the desirable number so that the entire 

example could be shown on one sheet. 

1.14 The discharge observer, where competent to  do so, should rate 

the measurement for probable accuracy. Measurements a r e  considered 

"excellent" if the e r ro r  i s  believed to  be less than two percent, "good" if 

less than five percent, "fair" i f  less than eight percent, and "poor" if 

more than eight percent. 



Operation and Maintenance of Gaging Stations - - 
1.15 The discharge observer i s  responsible, under the general 

direction of his supervisor, for the operation and minor maintenance of 

the stream-gaging station or stations assigned to him. He will be as -  

sisted by the gage reader, to whom some of the responsibility for main- 

tenance can be delegated. 

Responsibilities -- of the Observer 

1.16 The discharge observer should make a thorough check of the 

operation of the gage prior to each discharge measurement, a s  explained 

elsewhere. If he lives at the station, he should make a casual check each 

working day and a thorough check at least once a week. 

1.17 Maintenance items include keeping silt deposits away from 

staff gages and intake pipes, removing accumulated sediment from the 

gage well, flushing the intake pipes, and keeping the appearance of the 

station generally neat. 

1.18 Items of maintenance that can best be performed by special 

maintenance personnel include periodic lubrication of cableways, repaint- 

ting of station markings on cableways, and annual lubrication of the auto- 

matic recorder with special lubricant. The clock on the automatic re -  

corder should be cleaned annually by a watch repair specialist, preferably 

in Baghdad. Adequate spare clocks a r e  available so  that operation of the 

recorder need not be interrupted. 

1.19 The discharge observer should make i t  a point to  learn al l  he 

can about the cableway and its component parts,  specifically al l  parts that 

require maintenance. This can be accomplished by assisting the 



maintenance crew. He should see  that all equipment i s  properly maintained 

and in good running order .  He should report  immediately to h is  super-  

visor  any deficiency that he cannot co r rec t  himself. 

1.20 The intake pipe should be flushed before each discharge 

measurement  and a t  other t imes  if required. The normal  procedure is to 

place the stopper in  the flushing tank drain pipe and then close the valve by 

turning the control wheel in a clockwise direction. The purpose of the 

valve i s  t o  prevent water  f rom flowing f rom the flushing tank into the gage 

well during the flushing operation. The flushing tank should then be filled 

with water by pumping o r  with a bucket. If i t  i s  necessary  to  pr ime the 

pump, the discharge pipe should be filled with water.  The discharge ob- 

se rve r  should then take a position overlooking the end of the intake pipe 

that i s  in  the r iver  and instruct  h is  assis tant  to remove the plug f rom the 

tank. If the flushing action i s  effective, he will see  muddy water and air 

bubbles emitted f rom the intake pipe. The flushing action should be r e -  

peated if resul ts  a r e  not satisfactory. If two intake pipes a r e  fitted for 

flushing, they should be flushed separately.  

1.21 The amount of accumulated sediment in  the bottom of the gage 

well  should then be measured  with a stick, and i f  i t  i s  within 25 cent imeters  

of the lowest intake pipe i t  should a l l  be removed. The r ecorde r  float and 

counterweight should be carefully ra i sed  to  a position that will avoid darn- 

age while removing the sediment. 

1.22 It i s  ve ry  important that the valve on the intake pipe be opened 

by turning the control wheel in  a counterclockwise direction af ter  flushing 

the intake pipe o r  removing sediment f rom the gage well. 

1.23 The discharge observer  should submit a writ ten report  to h is  

supervisor  each month, mentioning the discharge measurements  he has 



made, al l  items of repair o r  maintenance that need to be done at his stations, 

and any suggested ideas for improvement. Problems of a more urgent 

nature, like a defective clock, should be reported immediately. 

1.24 The discharge observer should keep a diary, making daily entries 

in it of the work at his stations, such a s  flushing the intake pipe, discharge 

measurements, recorder check, and so forth. He should supply a l l  infor- 

mation and dates for his monthly report from the diary rather than from 

memory. The diary should be presented for inspection if  requested. 

The Gage Reader - 
1.25 The automatic recorder, if operating properly, will provide a 

complete record of gage height. A gage reader should be employed at 

each station, if possible, to make regular readings of the external staff 

gage so  that no record will be lost if the recorder becomes inoperative or  

i f  the intake pipe from the river to the gage well becomes plugged with 

sediment between flushings. The gage reader should assist  the discharge 

observer in making discharge measurements and in performing minor main- 

tenance tasks. The supervisor should decide whether to supervise the gage 

reader directly or to delegate the supervision to  the discharge observer. 

1.26 The gage readings ought to consist of a daily reading of the 

external staff gage, with more frequent readings a s  requested by the super- 

visor during high flows or during periods when the automatic recorder i s  

inoperative. 

1.27 The gage reader should never touch the automatic recorder unless 

specifically instructed to  do so, but he should look at i t  frequently and report 

to the discharge observer o r  supervisor by the quickest possible means i f  the 

clock appears to have stopped or i f  there i s  any other malfunction that he 

can recognize. 

A- 9 



Chapter A-2 

PREPARATION OF RECORDS OF DAILY DISCHARGE 

General Office Procedure 

2.1 One of the major tasks of the Hydrological Survey of Iraq and 

i ts  successor i s  to collect, analyze, and publish basic hydrological data. 

These data a r e  then used by other agencies in planning and design for the 

development of Iraq 's  valuable water resources. These published data 

a r e  accepted by others a s  being reliable, accurate and free of mistakes. 

It should be the responsibility of all individuals concerned with their pre-  

paration to fulfill this trust.  

2.2 In the computation of basic streamflow data, certain general 

principles have proved their worth and should be maintained to the fullest 

extent. Chief among these a r e  standardization, documentation, neatness, 

and integrity. 

2.3 Computations and procedures a r e  standardized for many reasons. 

Experience of previous workers i s  put to use; computations can be started 

by one person and completed by another; and work can be reviewed easily 

even though the person who did the work may not be available. The use 

of forms developed by the Hydrological Survey i s  of considerable assist-  

ance in standardization of procedures. Copies of standard forms used for 

computations of discharge records a r e  shown in Exhibit A-3. Standardi- 

zation can also be achieved by following these instructions. 

2.4 Documentation, especially of methods and procedures not covered 

herein, i s  extremely important. Too often work that i s  done accurately 

and well must be discarded because i t  i s  impossible to determine how it 



was done or on what i t  was based. Filling in the blanks on the standard 

forms for dates, computer's name, checker's name, and notes also comes 

under this heading. Any work that i s  not done on a standard form should 

have the person's initials and the date and file number in the upper right 

hand corner. 

2.5 Neatness and legibility hardly need explanation. Suffice i t  to 

say that much of the work i s  inspected by people from other offices and 

judged on appearance a s  well a s  accuracy. 

2.6 Integrity i s  needed for the many instances in which work can 

not o r  may not be thoroughly checked. Time should be taken to  make sure 

everything i s  correct,  especially in copying data. Mistakes should not be 

allowed to pass. If a mistake of any sort i s  noticed, i t  should be either 

corrected or  called to the attention of a superior. The continued good 

work of processing hydrologic records will depend on everyone connected 

with the computation process. 

2.7 Field data reports should be given a cursory check on the field 

and then forwarded to Baghdad. Data should be received, given a file 

number, and routed to the engineer in charge of current data for a pre- 

liminary inspection. The data forms should then be routed to the person 

in charge of computations; he logs the data on the appropriate bar chart 

and binds i t  into the proper folder. 

2.8 Three filing folders should be maintained for each river discharge 

station. They a re  the discharge measurement file, the gage height file, 

and the station file. Original discharge measurement field notes and ori- 

ginal gage height forms should be bound in their proper files. The station 

file should contain the current Form 2 and Form 11, the latest rating curve 



and table, the latest  deviation graph, and any other forms o r  computations 

which pertain to  the current  data. Data a r e  considered current  until they 

have been published. All work and field data which pertain to  published 

information should be removed from the current  files and s tored with other 

background information for the station. 

Part icular  Procedures  

Checking Discharge Measurements 

2.9 Discharge measurement  field notes should be given a thorough 

arithmetical check soon af ter  they a r e  received i n  Baghdad. The check- 

ing i s  the responsibility of the chief computer. 

2.10 Most of the computations on F o r m  15 a r e  self-explanatory and 

straightforward. Checking should proceed by complete columns rather  

than by rows. A calculating machine should be used whenever possible. 

Special points to watch a r e  the corrections for  vert ical  and horizontal 

angles, which a r e  always subtracted; ca re  should be taken to check the 

angle corrections by looking them up on the proper table. The measured  

velocity should be checked by using the proper rating table for  the current  

m e t e r  used. Even though a calculating machine is used, m o r e  than three-  

figure accuracy should not be used and small  changes in the third figure 

of the field observer ' s  computations should not be made. 

2.11 The method coefficient should be checked to  make sure  i t  is the 

proper one for  the depth of measurement:0.96 for  0.5 depth method and 

1.00 for  the 0.6 depth method and the 0.2 and 0.8 depth method. The file 

number, measurement  number, and checker 's  initials on the other side 

of the form should be filled in. The summary of data on the front of the 



form should agree with the results on the computations side. If any 

problem or questions of interpretation ar ise  in checking, they should be 

brought to  the attention of the engineer in charge of current data. 

2.12 When the measurement notes have been completely checked, 

the pertinent information should be noted on the particular Form 11 for 

the station involved. 

List of Discharge Measurements -- 
2.13 Pertinent information from each discharge measurement i s  

summarized by station-years on Form 11. The f irst  column i s  for the 

number of the discharge measurement. The measurements a r e  num- 

bered consecutively within each water year, assigning the number one to  

the f irst  discharge measurement made after 1 October. In order to 

avoid confusion when plotting points to determine a rating curve, each 

point should be labeled with i ts  number followed by the year. For  in- 

stance, the fifth measurement made in water year 1957 i s  labeled "5-57" 

when plotted a s  a graph point. 

2.14 The next seven columns - "Date, " "Made by.. . , " "Width, " 

"Area, " "Mean Velocity, ' I  "Gage Height, " and "Discharge" - a r e  

self-explanatory. All these items a r e  copied directly from the discharge 

measurement form. For  easy recognition and to avoid confusion with the 

American system, dates should be written a s  "10 Aug. 52" rather than 

"10-8-52. " No numbers should be carried beyond three significant figures 

because any more figures will imply an accuracy that i s  inconsistant with 

the accuracy of the field measurement. The two columns under "Rating" 

a r e  to be filled in later and a r e  discussed at  the end of this section. 



2.15 Under "Method" the procedure used in  making the measurement  

should be noted if i t  was not made by current  me te r  but by "floats" o r  

"slope-area, " for  example. If the measurement  was made  by current  

m e t e r ,  only the depth of velocity measurement  should be noted, such a s  

"0. 5, I '  "0.6, " "0. 2" and 0. 8. ' I  "Meas. Secs. I '  means  the number of 

separate  soundings of depth that were  made. "G. H. change" i s  the change 

i n  gage height f rom the s t a r t  t o  the finish of the discharge measurement .  

If the  r iver  stage rose  during the measurement ,  the change should be labeled 

with a plus sign; a minus sign i s  used if the r ive r  fell. "Time" i s  the t ime 

between s t a r t  and finish of the discharge measurement .  The rating of the 

measurement  a s  excellent, good, fair, o r  poor should be noted under "Meas. 

rated. I t  Water temperature should be noted under "W. T." and any r e m a r k s  

recorded in  the r emarks  column. 

2.16 At the t ime when the station rating i s  computed, the columns 

under "Rating" a r e  filled in. When the rating curve o r  table to  be used 

has  been selected, the date of that rating curve o r  table should be  placed 

in the blank to  the right of "Rating. " Shift adjustments determined as ex- 

plained in  the section entitled "Application of Shift Adjustments" a r e  noted 

under "Shift adj. ' I  The rating table discharge corresponding to  the gage 

height adjusted for shift i s  determined. The algebraic difference between 

the measured  discharge and the rating table discharge i s  divided by the 

rating table discharge. The resul t ,  expressed a s  a percentage, should 

be noted under "Percent.  diff. " 

Rating Curves 

2.17 Measured discharges a r e  plotted against corresponding gage 

heights on F o r m  5 o r  F o r m  6. The line of best  fit through these points 



2.19 It i s  frequently helpful to plot the points on Form 6, a logarithi- 

mic type of paper, especially when attempting to  extend the curve above 

the highest discharge measurement. When using the logarithimic paper, 

the gage height corresponding to zero flow in the river should f irst  be esti- 

mated, and the lowest point on the vertical scale should be labeled with 

this approximate gage height. The horizontal scale should start  with 0.1, 

1.0, 10, or 100 cumecs (depending on the size of the river) on the left end, 

with each cycle increasing by a factor of ten. When the points a r e  plotted 

to  these scales, the upper end of the curve should approach a straight line, 

making reasonable extensions along this line possible. A slight adj,ustrnent 

of the gage height scale may bring the rating curve closer to  a straight line. 

i s  known a s  the station rating curve or the stage-discharge relation. 

This curve can be used to determine the discharges which correspond to  

the gage heights measured at  the station. Results of discharge measure- 

ments should be plotted on the station rating curve and entered on Form 11 

immediately after they have been checked. 

2.18 When preparing a rating curve for a new station, at  least ten 

discharge measurements, well distributed throughout the range in gage 

height, should be available. The points should be plotted and labeled, 

and a smooth curve should be drawn through them. The low-flow portion 

of the curve may be shown in greater detail at  a magnified scale on the 

same sheet. 

2.20 When the rating i s  satisfactorily established, the curve should be 

transferred to  a new Form 5 (whether Form 5 or  Form 6 was originally 

used), showing scales, curve, and standard title block but not the points. 

All succeeding discharge measurements should then be plotted on this 
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curve. If a series of consecutive points covering a period of a year or 

more falls away from the curve on one side, it i s  probably desirable to 

prepare a new rating curve. Further information on rating curves may 

be found in - Water Supply Paper 888 or  the book Stream Flow by Grover -- 
and Harrington. 

Rating Tables 

2.21 A rating table i s  prepared from the station rating curve in order 

to simplify the process of converting gage heights to discharges. As a 

f irst  step, values of discharge for each one-tenth meter of gage height a r e  

determined from the rating curve and put on Form 3. The appropriate 

whole meters  a r e  noted in the gage height column to reduce the chances 

of making a one-meter e r ro r  in using the table. The difference between 

each pair of adjacent numbers i s  determined and written in the difference 

column. If the rating i s  a smooth parabolic-type curve, the differences 

should increase fairly uniformly from low discharge to high discharge. 

If the differences vary erratically, the numbers a r e  adjusted slightly in the 

discharge column until the differences show a consistent trend. Sometimes 

it i s  helpful to compute the second differences (or differences between the 

differences); these also show a smooth variation although not necessarily 

increasing with increasing discharge. 

2.22 When the discharges on Form 3 have been smoothed and balanced, 

they should be copied into the left-hand column of Form 4, with the differ- 

ences recorded in the far  right-hand column. Each difference i s  divided 

into ten increments, which a r e  then added cumulatively across the sheet; 

entries should not be carried to more than three significant figures. When 

the difference between discharges for gage heights one-tenth meter apart 



becomes less than one-half percent, discharges a r e  tabulated only to  the 

nearest tenth-of-a-meter gage height. A11 the supplementary data called 

for on both forms should be filled in. The "from" and "to" items re -  

present the period during which the computations of daily discharge were 

based on this rating table. 

Application of Shift Adjustments -- 
2.23 It often happens that the relationship between stage and discharge 

at  a gaging station, referred to  a s  the station rating, changes with time. 

If the rating changes in a short time and then remains fairly constant, the 

ordinary practice i s  to use a different rating curve and rating table after 

the change. In the usual case, however, the changes occur either con- 

tinuously or at  frequent intervals, making it impracticable to  use a differ- 

ent rating after each shift. In such cases the usual practice i s  to draw 

an average rating curve that fits al l  the points a s  closely a s  possible and 

then to make shift adjustments. This curve i s  then used until such time 

a s  measurements start  plotting consistently above or  below the curve at 

certain stages. When this shift happens, a new average rating curve 

affording a better fit to  the recent discharge measurements should be 

drawn. 

2.24 The distance that a measurement plots away from the rating 

curve i s  made up of two factors. One i s  the inherent e r ro r  in the dis- 

charge measurements, and the other i s  the actual shift in the rating from 

that indicated by the rating curve. It i s  impossible to make a completely 

accurate discharge measurement, so there will always be some error ,  

the size of which will depend on the difficulties of the measuring conditions 

and the skill of the discharge observer. 



2.25 Another factor which sometimes affects the distance which a 

measurement plots away from the average rating curve i s  the effect of 

rapidly rising or falling river level. As a river r ises  rapidly the sur-  

face slope becomes steeper than for steady flow. Because of the steeper 

slope, the velocity i s  increased, the discharge for a given gage height i s  

greater than that shown on the rating curve, and the measurement will 

plot to the right of the curve. The opposite i s  true when a river falls 

rapidly. In this case, the discharge for a given gage height i s  less than 

that shown on the rating curve, and the measurement will plot to the left 

of the curve. The effect of falling stage i s  generally much smaller than 

the effect of rising stage because r ivers  tend to  r i se  faster than they fall. 

Effects of changing stage are usually more noticeable on r ivers with flat 

slopes, such a s  the Tigris at  Baghdad. Discharge measurements at  f re-  

quent intervals during the flood season a re  necessary for analyzing this 

phenomenon. Discussions of the effect of changing stage may be found in 

Water Supply Paper 888 and in Stream Flow by Grover and Harrington. - -- 
2.26 A high degree of judgment is  required to determine how much of 

the deviation of the plotted discharge measurement from the average rating 

curve to assign to e r ro r  of the measurement and how much to assign to 

actual shift. This decision should be made by one of the engineers and 

checked by a highly experienced engineer. No definite rules can be made, 

but some general principles can be stated a s  follows: 

a. The shift adjustment should be sufficient to reduce the 
percentage difference to what could reasonably be assigned 
to e r ro r  of measurement. 

b. If there a r e  large changes in shi.ft in successive discharge 
measurements, especially in opposite directions, a high 
proportion of the shifts i s  probably due to e r ro r  in measure- 
ment. 



c. If several consecutive discharge measurements plot 
about the same distance from the curve on the same 
side, a large part of the deviation probably i s  due to 
shifting. 

d. If measurements during rapidly rising stage plot to the 
right of the curve or during rapidly falling stage t o  the 
left of the curve, a large part of the deviation probably 
i s  due to changing stage. 

2.27 The determination of shift adjustments i s  simplified by the 

plotting of a deviation graph on rectangular coordinate paper on which the 

abscissa represents one calendar year marked in days. A horizontal 

line i s  drawn on the graph paper and labeled "zero": This line represents 

the average rating curve or zero deviation from the curve. The deviation 

i s  the difference between the gage height read at  the time of a discharge 

measurement and the gage height corresponding to the measured discharge 

in the rating table computed from the average rating curve. F o r  conveni- 

ence the deviations should be plotted a s  indicated shift adjustments, which 

a r e  of opposite sign to the deviations. The indicated shift adjustments 

a r e  determined by subtracting the measurement gage height from the gage 

height shown in the rating table a s  corresponding to the measured discharge. 

The indicated shifts should be plotted above the zero line if they a r e  positive 

and below the line i f  they a r e  negative; consecutive points should be con- 

nected with a light pencil line. The deviation graph i s  a very useful aid in 

visualizing the shifts and i s  valuable in the review of the computations. 

2.28 Shift adjustments should be made after inspection of the deviations 

and with the above-mentioned general rules in mind. The determination 

of shift adjustment i s  based on judgment and a large measure of common 

sense. Shifts in rating in Iraq a r e  generally due to  scour o r  deposition of 

silt in the river channel. Scour is indicated by a positive deviation, and 



deposition of silt by a negative deviation. Changes in channel configura- 

tion due to scour or deposition usually occur at times of high discharge. 

Deviations due to changing stage occur in the same direction, positive 

when rising and negative when falling, but they can be distinguished from 

scour shifts because they occur only during periods of rapidly changing 

stage. Scour shifts may persist for  some time or even be permanent, but 

changing stage shifts apply only to the period of changing stage. 

2.29 A scattering of deviations in discharge of five percent or less 

and on both sides of the zero line usually indicates that no shift i s  required. 

Shifts on the basis of one point a r e  questionable, and shifts to the full ex- 

tent of deviations should not be made unless several consecutive deviations 

a r e  consistent. In general, shifts should be kept small. If there i s  

doubt, a shift should not be made. 

2.30 The shift adjustments should be indicated on the deviation graph 

and connected with a heavy pencil or colored line. Changes between 

shifts should be made gradually except where shifts a r e  apparently due to 

rapidly changing stage. The shift adjustments should be transferred from 

the deviation graph to  a Form 2, a s  in the last item on Exhibit A-5, by 

noting them in small numbers with plus or minus signs just to the right of 

the gage height column. The deviation graph should be labeled with the 

year, rating table date, computer's name, and the date before being bound 

into the station file folder. 

2.31 Before discharges a r e  computed, the shift adjustments should 

be reviewed by an experienced engineer. They a re  applied algebraically, 

adding them to the gage heights. Then the adjusted gage heights are  used 

in finding the discharge from the rating table. 



Analysis of Recorder Charts - 
2.32 The Stevens A-35 water-stage recorders installed by the 

Hydrological Survey automatically plot a graph of water level against 

time. Such a record i s  valuable because i t  shows a complete picture of 

river stages. 

2.33 The time checks on the chart should be inspected, as shoxvn on 

Exhibit A-5.  If the time noted at the check differs from the time scale 

of the chart, any loss o r  gain of time should be distributed uniformly be- 

tween the checks with adjusted midnights shown in red pencil on the chart. 

2.34 The reading of the tape or inside staff gage, which should be 

noted at the time check, should also be checked to assure  that i t  corre-  

sponds to  the reading shown by the pen line. If there i s  doubt a s  to  the 

accuracy of the recorder trace, the observed daily gage height on the 

chart should be marked with a point inside a circle at the proper elevation 

and time. If the observed daily gage height i s  consistently above o r  below 

the trace, the recorder i s  probably out-of adjustment by an amount equal 

to the average deviation. If the daily gage heights observed on the exterior 

gage gradually drift away from the recorder trace,  sediment i s  probably 

plugging the intake pipes. Sedimentation can frequently be noted by sudden 

r ises  or drops in the trace; these occur when inside and outside water levels 

differ enough to force the sediment from the pipe. During periods when 

sedimentation i s  suspected, greater reliance must be placed on the ob- 

served daily gage heights. 

2.35 If the variation in river level during a day i s  small, the average 

can be determined by inspection or by balancing areas  above and below the 

trace with a transparent straightedge and noting the point where the straight- 

edge crosses the noon line on the chart. 



2.36 When the variation during a day i s  large, it must be studied in 

greater detail (See sheet 1, Exhibit A-5). Depending on the amount of 

change, values of gage height a r e  taken from the trace for intervals 

during the day, using shorter intervals for greater changes. The gage 

height for an interval i s  the mean for that interval a s  determined with a 

straightedge, a s  i s  described above for days of small variation. These 

values should be noted on the chart because they will be useful when deter- 

mining daily discharge. Individual values a r e  then averaged to  deter- 

mine the daily average gage height. Selection of the length of time interval 

to be used in the analysis i s  largely a matter of judgment and experience. 

Summary - of Daily Gage Heights - and Discharges 

2.37 Daily gage heights and discharges are  summarized on Form 2. 

For  stations without water-stage recorders, the daily gage heights a r e  

generally copied directly onto the form; however, when sizeable daily 

variations occur and the observer has recorded several heights for such 

days, a stage hydrograph can be plotted and a more accurate value obtained 

a s  described above; values so derived a r e  marked with a capital delta (A). 

2.38 In al l  gage-height copying,fullmeters should be shown, even i f  

it i s  repeated time after time down a column. In other words, i f  the gage 

height for a long period stays within a few hundredths of 2.61, the "2" 

should be shown on each gage height in the column. The greatest single 

source of mistakes i s  an e r r o r  of one meter due to not following this simple 

rule. 

2.39 Gage heights determined from water-stage recorders a r e  

considered more accurate than the observer's gage height if the two differ. 

If variations in flow require detailed analysis of the recorder chart, the 

recorder value should be used and marked with a capital delta. 



2.40 The highest and lowest instantaneous gage heights for the year 

a r e  noted in the upper left hand corner of Form 2. Shifts a r e  noted in 

small numbers written just to the right of the gage height columns, a s  on 

the last sheet i n  Exhihit A-5.  

2.41 Discharges a r e  determined by entering the rating table with the 

shift-adjusted daily average gage height. Discharges for days of large 

gage-height variation a r e  determined by averaging discharges for shorter 

time intervals during the day. The short-interval gage heights already 

noted on the stage recorder chart should be used for this purpose. Dis- 

charges determined in this manner should be marked with a capital delta. 

The days on which discharge measurements were made should be noted with 

an asterisk, with the number of the discharge measurement in the upper 

left-hand corner of the discharge space. 

2.42 Each column of discharges i s  added and the mean determined 

by dividing by the number of days in that month. Monthly totals a r e  added 

across to find the water-year total, and the water-year mean i s  determined 

by dividing by the number of days in that year. The maximum and mini- 

mum mean daily discharges for each month a r e  written in the appropriate 

spaces at  the bottom of each month's column, and the maximum and mini- 

mum mean daily discharges for the water-year written in the spaces in the 

bottom right-hand corner of the form. The maximum and minimum in- 

stantaneous discharges should be listed in the proper blanks on the left 

side of the sheet. The minimum can be assumed to  be equal to  the lowest 

daily average discharge, but the instantaneous maximum should be deter- 

mined from the highest shift-adjusted instantaneous gage height. 

2.43 All computations on this sheet should be independently checked 

and the computer's and checker's initials should be put in the space provided. 



Any special notes should be written on the dotted lines at  the left edge 

of the sheet. 

Comparison - of Computed Discharges 

2.44 Computed discharges should be plotted on hydrographs since 

e r r o r s  tend to be revealed to an  experienced engineer when so plotted. 

The best method i s  to  plot hydrographs for  several  nearby stations on the 

same logarithmic coordinates. Comparison i s  thereby facilitated and an  

e r r o r  in any of the records i s  easily detected. 



Chapter A-3 

SEDIMENT SAMPLING AND ANALYSIS 

Introduction 

3.1 River improvements in Iraq, both existing and planned, will 

change the amount and characteristics of river sediment and also change 

the sediment-carrying capacity of the rivers. The evaluation of these 

changes, in amount and characteristics, requires data on sediment car-  

ried by the rivers. 

3.2 The Hydrological Survey of Iraq set up a network of six stations 

for obtaining sediment data, al l  a t  sites of stream-gaging stations.(see 

Exhibit A- 1). They a r e  a s  follows: 

a. Tigris River at Tusan, 

b. Greater Zab River at  Ifraz, 

c. Lesser Zab River at  Goma Zerdala, 

d. Tigris River at  Fatha, 

e. Adhaim River at the Narrows, 

f. Diyala River at  Derbend-i-Khan. 

Occasional measurments have been made at  some of the other discharge 

stations. Sediment samplers of the latest type a r e  used, and the sampler 

developed by the Irrigation Directorate i s  kept in reserve. 

3.3 Samples were analyzed at  the laboratory of the Irrigation Directorate 

in Baghdad. Descriptions of sampling equipment and procedures and of 

analysis equipment and techniques a r e  included in this chapter. Tabulations 

of al l  sediment data a r e  presented in Annex A-2. 



Types of Sampler 

%-Integrating Sampler, % - D-49 

3.4 This sampler i s  one of the standard types developed and used 

by United States government agencies. The sampler i s  made of brass,  

i s  fish-shaped, and contains a pint bottle for collection of the sample. It 

i s  specially designed to obtain a sample which i s  a true representation of 

the sediment concentration throughout a vertical section of flowing water. 

3 .5  Sheet 1 of Exhibit 1-4 in the main report shows this sampler 

with the nose section and nozzle hinged downward and the sample bottle 

partially removed. The water enters the sampler through a nozzle in the 

nose. There i s  no provision for closing off the nozzle; thus water will 

enter the bottle continually while the sampler i s  submerged. The bottle 

rests  in the sampler at such an angle that water will circulate through i t  

i f  the bottle i s  more than seven-eighths full. Such circulation of water 

would cause the sample to accumulate too much coarse sediment; hence 

the time of submergence should be such that the bottle i s  always less than 

seven- eighths full. 

3.6 Bottles should be well rinsed before sampling and inspected to  

see that no solid particles remain, In taking the sample, the sampler i s  

f irst  held at the water surface with the nozzle clear of the water. When 

the sampler i s  pointed upstream it i s  lowered at  a constant rate to the 

bottom of the river and immediately raised again at a constant, but not 

necessarily the same, rate. If the bed i s  of rock or  shingle the sampler 

may be allowed to  touch the bed gently, but i f  it i s  of sand or  silt the sam- 

pler should be raised again from just clear of the bed to  guard agains the 

possibility of the nozzle's picking up bed material. In this case 



a careful sounding must f irst  be made with the sampler with no bottle 

inserted. If after taking the sample the bottle i s  less than half full or 

more than seven-eighths full, the contents should be discarded, the bottle 

checked so that no sediment remains, and a new sample taken. 

3.7 The rate of lowering and raising the sampler preferably should 

not exceed one-third the average velocity of the water at a particular 

vertical. Fo r  instance, if the average velocity of the water i s  one meter 

per second, the desirable limiting rate of raising and lowering the sam- 

pler would be one meter every three seconds. The sampler is equipped 

with three sizes of nozzle: 118 inch, 3/16 inch, and 114 inch. It requires 

some experience to  determine the size of nozzle to use and the rate of 

lowering and raising to obtain proper filling of the bottle. In this respect, 

Table A-1 may be of assistance. 

Table A-I 

SEDIMENT SAMPLING TIME 

Time in seconds 
Mean Velocity of to  obtain a sample of approximately 400 co' 
Stream in meters  1 / 4  inch 31 16 inch 118 inch 

per second Nozzle Nozzle Nozzle 



A special nozzle, 3 / 3 2  inch inside diameter, was constructed in Baghdad 

for use whenever the 118 inch nozzle caused the sample bottle to fill too 

quickly. 

Point-Integrating Sampler, Type P-46 -- 

3 . 8  This sampler i s  also a standard type developed and used by 

United States government agencies. The sampler i s  similar in appear- 

ance to, but larger and heavier than, the depth-integrating sampler. It 

i s  used for sampling on the larger r ivers,  where the depth and velocity 

a r e  too great to permit effective use of the simpler depth-integrating sam- 

pler. The sampler has an electrical device for opening and closing the 

passage from the nozzle to the sample bottle. This sampler also uses a 

pint bottle for collecting the sample. 

3.9  The point-integrating sampler 's primary function i s  to collect 

a sample, integrated over a period of time, at a fixed point in a river. It 

can also be used a s  a depth-integrating sampler by leaving the nozzle pas- 

sage open. When obtaining depth-integrated samples from a deep river, 

i t  may be helpful to lower the sampler to the bottom with the passage closed 

and raise it with the passage open to collect a sample on the upward t r ip  

only or on a predetermined part of the upward trip. As with the D - 4 9  

sampler, the bottle must not be allowed to fill more than seven-eighths 

full. 

Sampling Procedures 

Frequency - of Sampling 

3.10 Sediment samples should be obtained each time a discharge 

measurement i s  made. The discharge measurement should be completed 



f i r s t  and the gage read again before starting the sediment sampling. If 

this i s  done, the width of river and locations of the sampling verticals 

can be determined before starting. 

Location - of Sampling Points 

3.11 Samples a r e  taken in three verticals across the river. These 

verticals a r e  subject to change to f i t  the general cross section. In a 

stream of fairly uniform depth, the verticals should be at  the midstream 

and quarter points. If the cross section of the river i s  irregular,  one 

vertical section should be where the river is deepest and the other two ver 

tical sections halfway from the deepest point to each of the two banks. If 

samples a r e  taken from a bridge having river piers, special care  should 

be exercised to avoid e r ro r s  due to obstructions from the piers. 

3.12 Depth-integrated samples should be taken wherever possible. 

However, if point samples a r e  being taken, three samples should be taken 

in each vertical i f  the water i s  more than three meters  deep, with one 

sample being taken one-half meter from the water surface, one a t  mid- 

depth, and one sample at  one-half meter from the bottom. If the depth 

i s  between two and three meters ,  only the top and bottom samples a r e  

taken. If the depth i s  less than two meters,  only the mid-depth sample 

i s  taken. 

Field Notes -- 
3.13 Field notes a r e  taken on Hydrological Survey Form 12 (see 

Exhibit A-6) at the time of sampling. Carbon paper should be used to  

secure an original and one copy. River, station, date, and observer's 

name a r e  entered in the proper spaces. "Beginning time" and "Ending 



time" a r e  the times that the f irst  sample and last sample were taken. 

Gage reading and the time of reading for the gage heights taken before 

and after the sampling operation a r e  also entered. Water temperature 

should be measured by putting a thermometer in the water for a full 

minute at a point where there i s  a good velocity of water. If this cannot 

be done from the shore, the temperature of water in a sample bottle can 

be measured immediately after the sample i s  taken and before i t  has had 

time to change temperature. The line on which the water temperature 

i s  entered also has a place for recording the mean gage reading, which 

normally would be the average of the two readings on the lines above. 

"Measured discharge" i s  the result of the measurement made just before 

sampling. Under "Type of Sampler used, " all but the type used should 

be crossed out, and the size of nozzle used should be checked under "Size 

of Nozzle. " 

3.14 The middle part of the form contains space for recording 

information about the actual sample. The f irst  column has space for the 

number of the vertical. Normally sampling i s  done in three verticals, 

and these a r e  numbered consecutively I, 11, and 111. The distance of each 

of these verticals from the cableway or  bridge reference point i s  entered 

in column 2. The river depth at each vertical should be entered in column 

3 and the depth of individual samples in column 4. The sample description 

code i s  explained at the bottom of the sheet. Column 5 i s  reserved for 

any remarks the observer wishes to make regarding a particular feature 

of the sampling procedure. More general remarks may be entered near 

the bottom of the sheet. 

Care of Samples -- 
3 . 1 5  The observer should be supplied with boxes for receiving the 

nine (or fewer) bottles of the samples. The bottles should be capped 
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immediately after the sample i s  taken, to prevent evaporation or  spilling, 

and then put into the box. The original copy of the notes should be tucked 

securely into one of the compartments of the box so that it will not be 

separated from the samples, and the lid of the box should be closed 

tightly. The observer should keep the carbon copy of the notes. The 

box should be stored in a safe place, where there i s  no possibility of 

freezing in the winter, and left until picked up and taken to a laboratory. 

Care should be taken to  keep the box upright at  al l  times to prevent spilling 

of the sample. 

Analysis - of Sediment Samples 

3.16 Sediment samples should be delivered to the appropriate 

laboratory after being received in Baghdad. The steps in the laboratory 

analysis procedure a r e  a s  follows: 

a. All samples taken in one sampling operation a r e  
combined in a clean beaker of known weight. Individual 
sample bottles should be agitated to ensure that al l  sedi- 
ment i s  poured out. If some particles remain, they may 
be washed into the beaker with a measured amount of dis- 
tilled water. Individual samples should be analyzed 
separately for more detailed information i f  the sediment 
concentration varies among the three verticals of the 
river by more than about 25 percent. 

b. The beaker containing the sample i s  weighted and the 
weight of the sample determined by subtracting the 
weight of the empty beaker and any distilled water added. 

c. The beaker i s  allowed to  stand for 24 hours, during which 
time the sediment particles will settle to the bottom. If 
the top liquid i s  not clear after 24 hours, it must be al-  
lowed to stand longer. 



d. The clear  water on top of the settled sediment i s  
siphoned off and disposed of. Care  mus t  be taken t o  
avoid removing any sediment particles.  

e. The remaining water and sediment a r e  placed in an 
evaporating dish of known weight. If any sediment 
particles remain in the beaker, they may  be washed 
into the dish with distilled water.  

f. The remaining water i s  evaporated in an oven. 

g. The evaporating dish with the dried sediment is 
weighed and the weight of d ry  sediment determined 
by subtracting the weight of the empty dish. 

3.17 The concentration of sediment may  be expressed in parts  per 

million (p. p.m. ) by dividing the weight of dried sediment by the weight of 

the original sample and multiplying by one million. The sediment load in 

millions of kilograms pe r  day may  be determined by multiplying the con- 

centration in p. p.m. t imes  the mean daily discharge i n  cubic m e t e r s  per  

second t imes  0. 0000864. This form of analysis will include a small  

weight of dissolved solids in the weight of sediment, but this amount i s  

negligible if most  of the clear  water i s  siphoned off the sample af ter  the 

sediment sett les to  the bottom. 

3.18 If a size analysis of suspended sediment i s  desired, the dried 

sediment i s  washed through an 0. 05-millimeter-opening sieve of known 

weight. The sieve is then oven dried and reweighed, and the weight of 

coarse  mater ia l  i s  obtained by subtracting the empty weight of the sieve. 

Material  retained on the sieve i s  classified a s  sand and that passing a s  sil t  

and clay. Other s ize separations can be made by using different sized 

sieves o r  by using one of the methods that depend on the settling ra t e  of 

solids in  a liquid. 



3.19 Results of the laboratory analysis a r e  recorded on the field 

note sheet and the empty bottles returned to the field. 

3.20 The detailed data of sediment sampling and analysis carr ied 

out by the Hydrological Survey a r e  shown in Annex A-2 at  the end of this 

appendix. 



Chapter A-4 

SNOW SURVEYING 

Introduction 

4.1 No routine surveys of the snow cover in the mountain regions 

of Iraq had been made prior to the inauguration of the Hydrological Survey. 

As such measurements will be essential for the preparation of the stream- 

flow forecasts required for the proper operation of the present and future 

reservoir systems, the initiation of snow surveys was one of the major 

responsibilities of the Hydrological Survey. 

4.2 The need for  the snow surveys was recognized and the general 

program to be accomplished was developed by our engineers. We retained 

the temporary services of Mr. R. A. Work, head of the snow surveys in 

western United States, who came to Iraq and laid out a specific program. 

The details of Mr. Work's program were fully described in an internal 

report, "Recommendations for Development and Practice of Snow Surveys 

for Runoff Forecasting in Iraq, 'I November 13, 1956. The general pattern 

of the surveys i s  that developed by the United States Soil Conservation 

Service and set forth in their Snow Survey Manual (Preliminary). It in- 

volves over-snow travel by parties of two or three men to snow courses 

located in the mountains. These courses consist of several lines, per- 

manently marked by steel pipes, along which measurements of snow depth 

and water equivalent a r e  made at fixed intervals. The use of over-snow 

machines and the observation of markers  from light aircraft were alterna- 

tives which were considered, but it was decided that neither would be suit- 

able for use in the mountains of Iraq. 



4.3 The snow surveys have been made on February f irst  and fifteenth, 

March first  and fifteenth, and April f irst  at al l  the snow courses and also 

on April fifteenth and May first  at  five of the higher courses. A tolerance 

of plus o r  minus three days i s  permitted for the surveys to  allow for bad 

weather and blocked roads and for the observation of several widely sepa- 

rated groups of courses by one party of surveyors. It should be stressed 

that a snow surveyor must never travel alone in the winter. Part ies of 

two or three a r e  most suitable, for if a party i s  larger than three the r isk  

of accidents increases. 

4.4 The results of the survey of a snow course a r e  average values 

of the snow depth and water equivalent over the number of points sampled, 

supported by notes on weather conditions at the time of sampling, soil con- 

ditions beneath the snow, the elevation of the snow line, and other relevant 

data. The values may be regarded a s  an index of the water stored in solid 

form in the basin. After several years of records have been collected, 

these indices may be correlated with summer runoff considered to have 

been produced by the melting of the snow and ice cover; they thus make 

possible the forecasting of summer runoff from snow data in future years. 

4.5 The snow-survey program involved the establishment and 

permanent marking of twenty-three snow courses in the mountain regions 

of Iraq. The network i s  shown on Exhibit A-7. Two mountain refuge 

huts were built. Steel route-marker pipes were installed in terra in  where 

the access route might be difficult to follow. Three Iraqi snow surveyors 

were trained. They were responsible for the routine surveys of seven 

courses, the remainder being surveyed by two British technicians. Special 

equipment for making the surveys and clothing suitable for winter mountain 

travel were obtained. A new pattern of snowshoe was designed and made 

locally. 



*u 

4.6 Exhibit A-8 shows a completed field snow-survey form and an 

example of a surveyor 's  field snow-course layout map. Sketch maps  of b 

the layouts of the individual snow courses  a r e  given i n  Exhibits A-9 
ip 

through A-31, and snow-course descriptions can be found in  Annex A-3. 

Annex A-4 summarizes  the resul ts  of the 1957, 1958, and 1959 snow s u r -  
Lu 

veys. Detailed 1:20, 000-scale m a p s  giving the routes to the snow courses  

were  prepared but a r e  not presented in this report .  - 
Establishing the Network Uli - 

4.7 The snow-survey fieldwork carpied out by the Hydrological 

Survey was divided into two par t s .  The f i r s t  par t  consisted of the selec-  

tion and permanent marking of the snow courses ,  the construction of moun- 

tain refuge huts,  and the finding and training of I raqi  snow surveyors .  The 

second pa r t  was  the  routine observation of the snow surveys.  

4.8 To select  the snow-course locations, most  of the mountainous 

regions of I raq were  visited; finally twenty-three courses  were  sited. 

Courses were  then marked  by s tee l  pipe m a r k e r s  between three  and five 

inches in  diameter  and up to  seven m e t e r s  long; these were  set  in con- 
, ,, 

crete.  They were  painted r ed  and yellow in  al ternate  one-meter bands 

for easy  identification. The installation of the  courses ,  involving the 

t ranspor t  by road and mules  of the pipes, cement, aggregate, and frequently 

water  into remote mountain a r e a s ,  was a lengthy procedure. 

4.9 The approach to mos t  of the courses  i s  fa ir ly  straightforward, 

although under winter conditions compass t r ave l  i s  frequently necessary. 

The way to  D o ~ r  Khiniq snow course,  high up on Handran Mountain, can 

be difficult to follow in  thick cloud; therefore,  t h ree  six-meter-long two- 

inch-pipe m a r k e r s  were  installed to a s s i s t  route-finding. 



4.10 Two mountain refuge huts were built and used by the snow 

surveyors for overnight stops. One was built on the outskirts of Halsho 

village. The other was built on Handran Mountain close to  Sarnbawakal 

snow course (1810 meters)  and is essential for the surveying of Dour 

Khiniq snow course. Its location, three hours up a waterless mountain, 

presented considerable construction difficulties, and it was finally pre- 

fabricated in Kirkuk and then transported up the mountain in 130 mule- 

loads. Both huts were fully equipped for two men. A seven-room per- 

manent house was constructed on the outskirts of Diana village near 

Ruwanduz for use a s  an office and base for the snow surveyor there and 

for visiting discharge observers. 

4.11 In Amadia, Penjwin, and Tawela, the snow surveyors must be 

based locally a s  these areas  a r e  likely to be cut off for considerable 

periods by heavy snowfalls. It was essential therefore to  find suitable 

men for training a s  snow surveyors prior to  locating these groups of courses. 

4.12 The catchment of the Ruwanduz River presents special opportu- 

nities for analysis of runoff phenomena. The highest snow courses a r e  

located in this catchment as  a r e  two river-gaging stations and several 

meteorological stations. A substantial part of the runoff from the basin 

i s  from snow melt and the factors affecting snow melting a r e  measured 

adequately. Therefore the records for this basin should provide data for 

determining maximum probable melting rates for flood studies and also 

day-to-day forecasts of snow melt runoff based on meteorological data. 

4.13 During the winter of 1957, routine surveys were made on 13 

snow courses by three British snow surveyors. One Iraqi snow surveyor 

was given training. Routine snow surveys were performed on al l  23 snow 



courses by three Iraqi and three  Bri t ish surveyors in  1958 and by three 

Iraqi and two British surveyors  in  1959. A British senior snow surveyor 

gave part- t ime supervision to the snow surveys over these two yea r s  and 

was responsible for  the selection, training, and work of the snow sur -  

veyors. 

Site Selection for  Snow Courses - -- 
4.14 The selection of s i tes  for  snow courses i s  a specialized activity 

which should be attempted only by a m a n  with considerable snow-survey 

experience and a sound background knowledge of winter conditions in the 

mountains. F o r  someone without such a background i t  would probably be 

impossible t o  visualize either the manner  in  which the snow would lie on 

the proposed snow course location, the influences to  which it  would then be 

subject, or  the difficulties which future surveyors might experience in 

reaching the snow course safely and then performing the snow survey. 

4.15 Nevertheless, i n  o rde r  to  give an  idea of the requirements of a 

good snow-course site, some of the aspects  which must  be considered a r e  

given below: 

a. The route to the snow course must  l ie through avalanche- 
f r e e  terrain.  The course itself must  be f r ee  from snow- 
slides and should be protected from winds a s  fa r  a s  possible 
so that snow i s  blown neither i n  nor  out. Care should be 
taken to  avoid blowing effects caused by r idges too close t o  
the snow course.  

b. The course mus t  be reasonably accessible and unless 
observed by a local snow surveyor should not be too f a r  
f rom winter motor  roads. The availability of potential 
snow surveyors  i s  of course a major  consideration if a 
local m a n  is t o  do this  work. 



c. The course should be reasonably close to a village or  
mountain refuge hut where overnight stops can be made 
if  very bad weather conditions set in. 

d. The course should be on well-drained ground and on 
slopes facing between northwest and northeast. 

e. The course should be "permanent, " i. e. , not subject 
to environmental changes due to t ree  planting or  cutting, 
etc. 

4.16 In siting snow courses valuable assistance can be given by local 

inhabitants, but their opinions must be considered in the light of personal 

experience a s  it i s  unlikely that they appreciate al l  the factors which must 

be taken into account. 

4.17 The usual number of sampling points in a snow course i s  about 

ten to fourteen, commonly spaced at  intervals of between five and thirty 

meters  along one or more measuring lines. Less than this number of 

samples probably would not give true average values, whereas the accu- 

racy of the results would not be improved significantly by more. 

4.18 Snow courses covering a wide range of elevations a r e  often 

grouped together to  give an indication of the variation of snow depth and 

water content with elevation. The higher courses, which frequently re -  

present major water-producing zones, may yield the most reliable data 

for correlation with resultant runoff. The lower courses a r e  particularly 

useful in predicting the total area  covered by snow and hence give good 

indications of the flood potential. During many years there may be little 

or no snow on the lowest courses; but in those years in which an appreciable 

amount of snow does accumulate on them, the snow-survey results may be 

of considerable value because of the increased flood potential in such years. 



4.19 An examination of Exhibit A-7 shows the grouping of the snow 

courses in Iraq covering elevations from 820 meters  to 2640 meters.  

Many of them, particularly the higher ones, lie close to the divide between 

basins, and they should therefore prove to be of value in forecasting river 

flows in more than one basin. This i s  made more likely by the fact that 

very often most of the snowcover in Iraq i s  due to precipitation during 

only a few widespread but major winter storms, and the index to future 

stream runoff provided by a snow course in one particular catchment is  

therefore very likely to be representative of conditions in adjacent catch- 

ments. 

Equipment 

4.20 Winter travel in mountains i s  seldom easy and i s  frequently both 

arduous and dangerous. Weather conditions can change extremely rapidly 

and with little warning, and unless a party i s  prepared, both by proper 

training and by being suitably clothed and equipped, to meet any eventualities, 

frostbite, snowblindness, serious injuries, o r  even loss of life might result. 

Furthermore, i t  should not be assumed because people have lived for gen- 

erations in mountainous areas  that they require no training in winter moun- 

tain travel o r  that their normal clothing i s  suitable for this. Snow surveys 

a r e  made to fixed schedules and a s  a consequence frequently have to be 

carried out under adverse conditions. It i s  likely that, in the absence of 

necessity, local people have traveled little under such conditions and that 

where they did so, i t  was with far less safety than modern equipment affords. 

It should also be remembered that at  the end of a possibly very arduous 

journey to a snow course the surveyors then perform delicate scientific 

measurements lasting perhaps one to three hours. These may be under 

near-blizzard wind and snow conditions with the temperature considerably 

below freezing. It i s  therefore clearly apparent that if the snow surveyors 



a r e  not given the very best clothing and equipment obtainable, not only 

might it be impossible to  complete some surveys satisfactorily, but fre-  

quently they would be running unnecessary risks to their safety. 

4.21 All those who have been engaged on snow surveys in Iraq have 

been provided with equipment of the highest quality. A list of the items 

issued to snow surveyors i s  a s  follows: 

Skis and ski sticks, waxes, etc. ,  or snowshoes, 

Anorak (windproof hooded jacket), 

Windproof trousers,  

Ski boots o r  special snowshoe boots, 

Snowgoggles, 

Traveling gloves and sampling gloves, 

Pocket prismatic compass, 

F i r  st-aid outfit, 

Framed rucksack. 

4.22 The snow-survey clothing was purchased in London and has 

proved completely satisfactory. Some snowshoes of the Tubbs 100-T type 

were purchased from the U. S. A. A smaller, lighter, and simpler form 

was evolved and made locally in large numbers. It was very successful 

and can easily be repaired with materials readily available in any moun- 

tain village. The initial cost was only about 500 fils per pair. The snow 

sampling sets used a re  those made by Messrs.  Leupold and Stevens, 

Portland, Oregon, U. S. A. 

4.23 Four-wheel-drive Landrovers equipped with wheel chains were 

used in traveling to the snow courses up to the point where roads and 

tracks became impassable because of snow. The surveyors then pro- 

ceeded to the courses on foot, wearing skis o r  snowshoes, the time required 



to  reach the most distant courses being sometimes a s  much a s  six o r  

seven hours of fast travel after leaving the vehicle. Mules were some- 

times employed for long approaches over snow-free ground during the 

late - spring surveys. 

Samplinp Procedures 

Care of the Sampler 

4.24 The following points should be observed in caring for the 

sampler: 

a. In transporting the sampler, extreme care should be 
used to guard i t  against injury because i t  i s  very light 
and can easily be dented. The special wooden carrying 
box should be used whenever possible. 

b. When traversing steep slopes the sampler should not be 
used a s  a staff to avoid sliding downhill because the tube 
i s  easily bent. 

c. The sampler should be kept covered inside and out with 
a thin coating of kerosene. The inside coating can be 
applied by pulling through a swab soaked with kerosene. 
This coating not only prevents corrosion but tends to keep 
moist snow from adhering to  the tube. The inside of the 
tube should be polished with metal polish after use. 

d. Since ice and rock sound and feel alike when struck by the 
sampler, care should be taken to determine what the sub- 
stance is;  ice will not blunt the cutter, while rocks will. 

Spacing - of Samples 

4.25 Measurements for spacing of samples should always be started 

from the initial point as  shown by the sketch map of the course, and the 



spacing for samples should be followed a s  indicated. Care should be 

used in spacing by tape measurements so that the samples taken on the 

same course in different years will be at the same spots. 

Taking the Samples 

4.26 Plunging the tube should be avoided. In driving, a steady 

downthrust i s  preferable to twisting, which allows a small amount of snow 

to  enter the slots. However, a minimum amount of twisting aids in the 

driving and also facilitates the quick cutting of the thinner crusts. Plung- 

ing should be unnecessary. In case the sampler sticks or  freezes down, 

a light twist will usually release it. 

4.27 The presence of temperatures below zero degrees centigrade 

in the snow, while the temperature of the a i r  i s  above freezing, often 

causes the snow to adhere firmly to the orifice of the cutter after a depth 

of from 10 to 12 feet has been reached. This difficulty can be met in the 

following three ways: 

a. The sampler i s  withdrawn when the cutter becomes clogged, 
and both cutter and tube a r e  thoroughly cleaned. Then in a 
new place the tube i s  pushed rapidly through the snow with- 
out stopping until the bottom of the snow i s  reached. The 
tube should not be plunged into the snow. If difficulty i s  
again encountered, this procedure i s  repeated until a com- 
plete core i s  obtained. (A core i s  complete when i t s  length 
i s  approximately equal to the snow depth. ) 

b. Under very difficult conditions the tube i s  thrust a s  deeply 
a s  possible without stopping i t s  downward motion. When 
resistance i s  felt the tube is withdrawn and weighed and the 
sample recorded. The core i s  discarded and the tube very 
carefully loweredto the bottom of the partial hole. Sampling 
i s  continued in this fashion until ground level i s  reached. 



c. The best solution to the problem is  to sample when the 
temperature of the a i r  i s  at or below freezing, when 
this i s  possible. 

4.28 If the depth of the core i s  very much less than the depth of snow, 

the sample should be discarded and another one taken. Similarly, i f  the 

density value determined for a sample i s  appreciably different from those 

of the remainder of the samples in the same course, another sample 

should be taken. 

Weighing - the Samples 

4.29 Before taking each sample, the empty sample tube should be 

placed in the cradle hanging from the scales. The weight when empty i s  

recorded in the proper column in the field book. After the sample has 

been taken, the sampler i s  placed in the cradle and the weight of tubes and 

core recorded. The water content i s  given by the difference between the 

reading for the empty tube and the reading for tube with core. 

4.30 Some earth should always be picked up at the bottom of the 

sample as  its presence i s  a check that none of the core has been lost. How- 

ever, i f  earth i s  picked up, it should be removed with a knife before the 

sample i s  weighed, and proper deduction should be made before the length 

of core i s  recorded. All loose snow should be cleaned out of the sampling 

tubes after every measurement. 

4.31 When the depth of snow i s  very small, say two to  eight inches, 

each individual sample should not be weighed separately, for the spring 

balance will not register such small amounts accurately. The empty 

sample tube together with a sampling bag should f irst  be weighed and the 

weight recorded. Several samples a r e  then taken, each being emptied 



into the sampling bag after the snow depth and core length a r e  recorded. 

The total water equivalent and total snow depth of several samples a r e  

thus obtained, the average values being determined by dividing by the 

number of samples combined. Considerable care should be taken when 

using this method since the accuracy of the individual samples cannot be 

checked by calculating their densities. 

Recording Findings 

4.32 A completed snow-survey form and an example of a surveyor's 

field - course layout map a r e  shown in Exhibit A-8. Sketch maps show- 

ing points of observation should be pasted to the insides of the covers of 

the snow-surveying notebooks. A chart for determination of density 

should also be included in the field notebook. 

4.33 A pencil should be used for recording field measurements. A 

complete description of the course, survey party, date, e tc . ,  should be 

given in the appropriate space on the form. Density computation should 

be made a t  the time of observation to determine whether a check measure- 

ment needs to  be taken. Remarks should include special notes a s  to the 

character of the snow, the nature and conditions of the soil or other bottom 

reached by the cutter, and whether the soil i s  wet, dry, frozen, etc. 

4.35 Special care should be taken in completing the back of the snow- 

survey field form. Instructions regarding the disposal of the snow-survey 

field notes should be issued to each surveyor. 

Forwarding - and Processing -- of Data 

4.36 On completion of a snow survey the surveyors should check their 

field forms, making and keeping one copy, and then forward the originals 



t o  the snow-survey supervisor.  The supervisor should completely recheck 

the field forms. The summarized resul ts  of the surveys should then be 

telephoned to  the head office a s  directed. 

4.37 During the period of data accumulation pr ior  to  the s t a r t  of 

forecasting, this method of transmitting the resul ts  will be sufficiently 

rapid, for  they a r e  usually received about one week after the survey. How- 

ever,  when forecasting i s  begun arrangements  should be made for  the snow 

surveyors to  forward details of their  measurements  direct t o  the forecast- 

ing office by cable o r  wireless .  

4.38 The original snow-survey field forms were  a l l  filed in Baghdad 

and the summarized resul ts  of the surveys entered on the form "Record 

of Snow Measurements.  " The resul ts  of the 1957, 1958, and 1959 snow 

surveys a r e  given in Annex A-4. 

Personnel  - and Training 

Field Supervision .r 

4.39 The unfortunate consequences of not visiting local observers ,  

checking the way in which they make their measurements  in  the field, 

and generally taking an  active and personal interest  i n  their  work a r e  well 'w 

known. In snow surveying unless good supervision i s  fully maintained, a 

very early breakdown in the observations can be expected. This break- c., 

down would mean that accurate  streamflow forecasting would be impossible 
k 

and a lso  that the considerable t ime, trouble, and money spent on initiating 

this work would be wasted. To rebuild a snow survey service af ter  such 
*ci 

a breakdown would be a difficult task, and the finding and training of new 

local snow surveyors  might prove impossible. 118 



4.40 It i s  therefore imperative that there be a senior snow surveyor 

supervising the work of the other snow surveyors, particularly the local 

men. Unless i t  i s  entirely unavoidable, he should not be restrained by 

the necessity of making routine surveys himself. It i s  also essential that 

this man fully understand al l  aspects of the work; this requirement means 

that he himself must have done snow surveying in Iraq and i s  not merely 

an outsider put in charge of the surveyors. The duties of the senior snow 

surveyor should also include the checking of a l l  the snow surveys, which 

will give him a good idea of when special visits to his surveyors a r e  neces- 

sary. When forecasting begins he should take an active part in it. He 

should hold a snow-survey training course annually prior to  the start  of 

the snow surveys and should be responsible for maintaining the present 

high standard of this work. 

Selection - and Payment -- of Snow Surveyors 

4.41 Every effort was made to find and train local snow surveyors, 

and the three who worked in 1958 and 1959 al l  live in remote a reas  which 

an outside man would frequently be unable to reach. Their work was of 

a very high standard. However, the bulk of the snow surveys, including 

the most important but most arduous ones, were performed by British snow 

surveyors. While efforts to  find and train suitable Iraqis for this work 

should be continued, at the time operations were turned over to  the Director 

General of Irrigation there appeared to  be no alternative to  continuing with 

the two British snow surveyors i f  the snow survey program was to  be main- 

tained. If such an arrangement i s  continued one of these would be based 

at  Diana and would be responsible for snow courses in the Hajji Umran, 

Handran Mountain, and Merga Sor areas.  The other, based at  Kirkuk or  

Sulaimania, would survey snow courses in the Halsho, Barsinja, and Lower 

Penjwin areas.  



4.42 Due to the importance of this subject and the very considerable 

difficulties experienced in finding suitable candidates for this work, the 

selection and payment of Iraqi snow surveyors warrant detailed discussion. 

While several approaches to finding suitable Iraqis for training a s  snow 

surveyors were tried through official channels by the Hydrological Survey, 

none proved successful. However, three local snow surveyors were found 

and trained. They were responsible for the routine snow surveys at seven 

courses during 1958 and 1959. 

4.43 With the experience of three winters of snow surveying in Iraq 

and a good idea of the type of person who can be trained into a satisfactory 

and permanent snow surveyor, i t  i s  possible to outline the qualifications 

to be looked for in applicants. It i s  desirable for the snow surveyor: 

a. To be at least 30 years old and preferably more, 

b. To read and write good Arabic and to be able to read 
English numbers (since English depth markings a r e  
used on the snow-survey tubes), 

c. To be healthy and accustomed to mountain travel, though 
this will usually be only summer travel o r  winter travel 
under fine conditions (Akeen hunter will possess these 
qualifications. ), 

d. To be a permanent resident, preferably with his home 
and family in the area  where he will work, 

e. To have some definite employment (not with the govern- 
ment), but one which he can leave for a day or so at a time 
to do the surveys; or one which does not occupy him during 
the winter months (Examples a r e  shopkeeper, farmer,  
local builder, or craftsman. ), 

and certainly equally important, but less tangible: 



f. To look like the right type of man, one who would work 
cheerfully and conscientiously under difficult conditions, 
and 

g. To want to do the work, if possible not solely for the 
money. 

4.44 It will be seen that this i s  not exactly the type of man originally 

envisioned for this work, more importance being placed on mental suita- 

bility for the work than on education, although the latter must of course 

be adequate. In fact, the lower age limit, 30 years, almost automatically 

implies that the surveyor will have had no secondary-school education a s  

there were hardly any such schools in these remote areas  when he was a 

boy. The object of this age limit i s  to avoid young men, the most unlikely 

to  have much sense of duty towards the work or  sense of perseverence if  

conditions a r e  unpleasant. Also, young men a re  more likely to move out 

of the area  and therefore not to be permanent surveyors. The fourth quali- 

fication i s  intended to ensure permanency, which i s  also fostered by the 

fifth qualification. The latter i s  of more importance than it may appear. 

The pay, based on a fixed rate per completed survey, cannot be regarded 

a s  an income so much a s  something "extra, ' I  and the man who lacks those 

qualifications i s  not so likely to  stay in one town or  village. 

4.45 Great importance i s  thus placed on the permanent nature of the 

work; this consideration i s  absolutely vital. The thorough training of a 

local snow surveyor i s  a long and not an easy task since the work i s  com- 

pletely different from anything he has done previously. It i s  a waste of 

time teaching him if he i s  not going to  do this work for more than a few 

years. 

4.46 It should be clearly understood that the local mountain people 

cannot visualize what the work actually entails until they have been taken 



on some snow surveys. Never having practiced winter travel in the 

mountains under severe conditions, there having been no necessity to do 

so, they do not seriously believe either that these surveys can be made to a 

fixed schedule or that people can travel warmly and safely in bad winter 

weather. Even when, by example, they have been shown that it i s  possible, 

not many wish to do it. 

4.47 From this fairly detailed analysis of the best type of person for 

training a s  a snow surveyor, it i s  obvious that in a small mountain town or 

village in Iraq, he i s  a comparatively unusual man. In practice this fact 

has been proved by the difficulty of finding suitable candidates. The sur-  

veyor performs, usually under only distant supervision, very arduous 

scientific work which few people a r e  either capable of or willing to carry  

out. It i s  therefore essential that he i s  adequately paid for this work, 

without regard for academic qualifications or similar considerations. 

4.48 No comparable work i s  being carried out in Iraq, and so no fair 

comparisons can be made with the rates of pay of existing government posts. 

It i s  believed that at the time when operations were assumed by the Director 

General of Irrigation the payments to local snow surveyors and their assist-  

ants were fair to both them and the government. Snow surveyors in dif- 

ferent areas  were being paid between about I. D. 5.000 and I. D. 8.000 per 

survey, there being a fixed rate for each survey of a particular snow course. 

The difficulties and time involved were considered in the assessment of the 

flat rate. The local snow survey assistants were paid about two-thirds of 

the above amounts. Winter clothing and equipment of the best quality were 

of course issued to the men. 

4.49 The annual cost (for five snow surveys) of a local snow surveyor 

and his assistant was therefore between approximately I. D. 50 and 80, 



depending on the particular courses. It i s  recommended that a small 

increase in these rates be made on the satisfactory completion of each 

three years '  sets of surveys. 

4.50 One relevant psychological consideration which will help to 

ensure the reliability of the local surveyor's work i s  the standing of a snow 

surveyor among the people in his village. By giving him good pay and the 

best winter clothing (apart from the absolute necessity of doing so) and by 

visiting him fairly frequently (also apart from other considerations) his 

supervisor can forcefully convince the surveyor and his friends of the 

importance of his work. Under these conditions he i s  more likely to  re -  

spond positively and do his job properly. 

Snow-Survey Training Courses - 
4.51 Pr ior  to the start  of the routine snow surveys in both 1958 and 

1959, snow-survey training courses were held by the senior snow surveyor 

at  Hajji Umran. The purpose of these courses was (a) to instruct al l  the 

snow surveyors working in Iraq in the many aspects of snow surveying and 

winter mountain travel; (b) to  give complete training under winter condi- 

tions to  the new surveyors or to serve a s  a refresher course to those who 

had done the work previously; (c) to  standardize the work of a l l  the snow 

surveyors; and (d) to enable the various snow surveyors to meet one another 

and thus develop a team spirit among themselves. 

4.52 A summary of the program of the course held in December 1957, 

which set the pattern followed in the succeeding course, i s  given in Table 

A-2. 



Table A-2 

SNOW SURVEY TRAINING COURSE - 9 THROUGH 17 DECEMBER 1957 - - 
Monday - (December 9) Assemble in  Kirkuk. Stay in  Hydrological 

Survey hostel. 

Tuesday - (Day 1) General preparations; move a t  midday t o  Salahuddin; 
s tay a t  r e s t  house. 

Wednesday - (Day 2) Travel  to  Hajji Umran and move up to  the I raq  
Petroleum Corporation huts, on which the course was based. 

Thursday - (Day 3)  Explanation of ( a )  snow-sampling equipment and i t s  
ca re  and maintenance, (b) snow-sampling procedure; prac-  
t ice  snow sampling on Kandashin course (1980 meters ) .  

Fr iday - (Day 4) Prac t ice  sampling in  groups on Kalkash course  
(2510 m e t e r s ) ;  instruction on (a) use and c a r e  of skis  and 
snowshoes, (b) compass traveling. 

Saturday - (Day 5) Talks on t rave l  in  various snow conditions, avalanche 
dangers,  etc; instruction in  elementary f i r s t  aid, including 
making a ski sledge; survival in  the snow; practice traveling. 

Sunday - (Day 6) Snow survey of Omar Khayat course (2640 me te r s ) .  

Monday - (Day 7 )  General instruction and pract ice in  any subjects 
which bad weather conditions previously prevented. 

Tuesday - (Day 8, December 17) End of course;  re turn  to  Kirkuk or  
bases.  

4.53 These courses  proved completely successful, and i t  i s  considered 

most  desirable  that they should be held annually. The standards to  which the 

snow surveyors  were  required t o  work were  identical t o  those practiced in 

the United States, and no lowering of them on account of local difficulties 

of language, e tc . ,  was permitted. It i s  essent ial  that these high standards 



be maintained. It i s  not possible to make checks on the actual observations 

recorded by snow surveyors, and their integrity and conscientiousness 

a r e  therefore vital. By choosing the right men for this demanding work 

and then insisting on the highest standards, reliable and extremely valu- 

able data will be obtained. These snow-survey training courses a r e  con- 

sidered an essential part of achieving the required standards. 



Chapter A-5 

METEOROIAOGICAL NETWORK 

Introduction 

5.1 The number of stations collecting meteorological data was 

relatively small before establishment of the Hydrological Survey of Iraq. 

This fact was particularly evident in the mountainous regions of the 

northern part of Iraq, which a re  the areas  of greatest water yield. A 

network with greater station density was considered necessary to fulfill 

the requirements of river control and forecasting. 

5.2 Standards of observation, especially at isolated stations, were 

not always high, and inspection of many stations was very infrequent. The 

meteorological field work, therefore, included installation of new stations 

and instruments, training of observers, and establishment of uniform 

standards and supervision. Agreement was reached with the Meteorological 

Service of the Iraq Government on the standards to be used. 

5.3  The locations of stations established or improved by the 

Hydrological Survey of Iraq a r e  shown on Exhibit A-32, and detailed des- 

criptions of each a re  included in Annexes A-5 through A-8, which treat  

stations for recording rain gages, non- recording rain gages, thermographs, 

and evaporation pans respectively. Instructions for the operation and 

maintenance of non-automatic rain gages, automatic recording rain gages, 

and evaporation instruments a r e  found in Chapter A-6. Samples of meteo- 

rological field data forms a r e  shown in Exhibit A-33. Annexes A-9 through 

A-1 1 contain data gathered on daily precipitation, hourly temperatures at 

Diana, and monthly values of total evaporation. 



Supervision 

Field Organization 

5.4 The installation of meteorological stations was supervised by 

engineers of the Hydrological Survey field staff. Initial supervision of 

station operation was in the hands of these engineers. During this time, 

Iraqi inspectors were being trained so that they could gradually take over 

the duties of supervision and inspection, a s  they later did in November 

of 1958. 

5.5 The entire Hydrological Survey field organization was under 

the authority of the Field Engineer, whose office was located in Kirkuk. 

He was responsible for the hiring and supervision of observers, estab- 

lishment or relocation of stations, maintenance of equipment, and per- 

formance of the network. He was assisted by the Meteorological Station 

Inspector, to  whom was delegated authority over the operation of meteor- 

ological stations. 

5.6 Details of individual observer's duties and qualifications a r e  

included in the station descriptions in the annexes; details of the forward- 

ing and processing of data a r e  considered in the following pages. 

Inspection - and Supervision 

5.7 Pr ior  to the establishment of the Hydrological Survey of Iraq, 

the more distant non-recording rainfall stations of the Meteorological 

Service were not' visited for long periods. Unsatisfactory records fre-  

quently were the direct result. During Hydrological Survey operations, 

considerable supervision was possible. Many of the stations lie on routes 

that were constantly used by the field staff in the course of other work, 



and many visits to  them were  made. Stations l e s s  conveniently located 

were visited a s  much a s  possible whenever the quality of their records  

indicated the need and often m o r e  frequently. It should be emphasized 

that considerable distances had to  be covered, commonly under bad con- 

ditions, to  reach  many of the stations, where perhaps the observer could 

be found for  only a few hours each morning. Some stations have been 

cut off by snow o r  mud during part  of the winter; and to  reach Sidekan, for 

example, i s  a full day 's  t r i p  on mule and foot during the best t ime of year.  

5.8 Most of the rainfall stations a r e  m o r e  or  l e s s  on a par;  however, 

the overall  standard i s  not yet a s  high as it could be. If the degree of 

supervision i s  slackened, the quality of the readjngs will undoubtedly fall  

rapidly, and some stations might close down altogether. Continued close 

supervision i s  therefore essential  and probably always will be. 

5.9 One Iraqi  rainfall-station inspector was trained with the intent 

that he could be fitted i.nto the future organization of this work, whatever 

form i t  might take. Although he had no previous meteorological know- 

ledge, he worked with a British engineer for  four months. He accompanied 

the lat ter  on all visits to  rainfall stations; worked at  Diana for  a week to  

learn  the use and maintenance of the instruments a t  an evaporation station; 

made the observations when at  the Hydrological Survey rainfall station in 

Kirkuk; ass is ted  in the processing of the rainfall data at  the Kirkuk station; 

and gained experience in handling the diffculties which a r e  likely to  a r i se ,  

particularly those connected with observers.  If he can maintain and im- 

prove the standard of the rainfall observations, a s  seems  very li.kely, he  

will be doing extremely valuable work. 

5.10 The Hydrological Survey meteorological observer  at  Diana was 

made responsible, a s  part  of his  duties, for  the following rainfall stations 



in his area: Galala, Rayat (Meteorological Service), Ruwanduz, Sidekan, 

Merga Sor, and Shaqlawa. His visits to these comparatively remote sites, 

which occurred at least once every two or  three months, considerably 

assisted meeting inspection requirements and ensured good records for 

the Ruwanduz and Balikian catchments. 

Field Units -- 

Recording - Rain-Gag_e Stations 

5.11 Fourteen automatic recording rain gages were installed by the 

Hydrological Survey of Ilaq. In iddition to these, gages were installed 

at the Kirkuk and Baghdad offices ofthe Hydrological Survey and at  Baghdad 

Airport for training purposes. Companion non- recording (non-automatic) 

gages were either maintained or  installed at all sites that have recording 

rain gages. 

5.12 In most cases, the automatic gages were installed at existing 

rainfall stations or at  sites were competent observation was available. 

After a few initial troubles, the records were satisfactory. The opera- 

tion of the gages at the five Meteorological Service stations, the tsvo Iraq 

Petroleum Corperation stations, the Fores t ry  Service station, and at  

Dokan Dam can be expected to  continue indefinitely at a high standard. 

However, the gages operated by the Hydrological Survey field staff depend 

on the future of i ts  field organization. There would be considerable diffi- 

culty in replacing the present observers, so  every effort should be made to  

continue their employment. 

5.13 All instruments a r e  the Bendix Aviation Corporation Model 775c 

weighing-type gage. Eight-day clocks a r e  used, and recording i s  in 



mil l imeters  of precipitation up t o  a maximum of 300 mi l l imeters  (with 

reversing mechanism). All gages a r e  bolted to concrete bases  in such 

a way that the r i m  height above ground level i s  36 inches. 

5.14 The recorder  char t s  f rom a l l  stations were  forwarded directly 

to  the Kirkuk field office. At Kirkuk the daily precipitation values on the 

recorder  charts  were  computed and compared with those f rom the com- 

panion non-recording gages. Any signs of malfunction of the gage o r  

observer  e r r o r  were  noted and called to  the attention of the observer .  

Recorder  char t s  were  then forwarded to  Baghdad, where daily and hourly 

values of rainfall were  read  off and recorded and the char t s  permanently 

stored. 

Non-Recording Rain-Gage Stations - -- 
5.15 Seventeen non-recording (non-automatic) ra in  gages were  

installed by the Hydrological Survey of I raq  in  addition to those a t  record-  

ing rain-gage stations. The gages were  made  to  the standard U. S. 

Weather Bureau pattern i n  the Baghdad copper district .  The gages were  

placed in  me ta l  stands to  give a r im  height of 70 centimeters.  

5.16 Snow towers which r a i se  the gage r im height to approximately 

three  m e t e r s  were  installed a t  four stations. Wind shields of the Alter 

type were  fitted. The towers,  which a r e  very  strong, were  made  of two- 

inch angle i rons  and se t  in  concrete; rungs lead to  an  observation platform. 

They were  installed in  wire-fence enclosures equipped with gates and pad- 

locks. The towers were  placed a t  s i tes  where ra in  frequently falls when 

the ground i s  snow-covered; this ra in would not be recorded by a normal  

installation, which would be buried in  the snow. 



5.17 In most cases the siting of the gage was largely determined by 

such factors a s  i ts  safety and proximity to the observer's home or work. 

Within these limitations the sites a r e  the best available although some 

unavoidably suffer from underexposure or overexposure. 

5.18 In the past the observers of non-recording rain gages have 

usually been schoolteachers. Frequently, particularly in the more re-  

mote parts,  they were the only people capable of making the observations. 

Government policy forbade them to be paid for this work, which was con- 

sidered a s  part of their normal duties. The standard of their observations 

varied considerably over periods of time and between stations. The work 

was generally regarded a s  an unpleasant imposition; therefore, the result- 

ing records were frequently of low quality. 

5.19 The Hydrological Survey of Iraq initially adhered to the existing 

rule of non-payment. This meant that al l  the observers were necessarily 

schoolteachers, a s  no one else would do the work without pay. However, 

from January 1957, some new stations were observed by policemen, local 

government personnel, etc. , to whom monthly payments of I. D. 2.000 

were made. The number of paid observers was gradually increased until 

only ten, al l  schoolteachers, received no pay at all either for this work o r  

for connected duties. While this small payment does not ensure reliable 

observations, it definitely does help toward this end. 

5.20 All records from non-recording stations were forwarded to 

Kirkuk at  the end of each month. Delays in their arr ival  were sometimes 

unavoidable in the winter time since the more distant stations might be com- 

pletely cut off by snow or  mud. Copies of the records were made in Kirkuk 

and the originals forwarded to the Baghdad office of the Hydrological Survey. 

Records from each station were compared with records at  nearby Hydrological 



Survey and Meteorological Office stations a s  a check, particularly of the 

dating of rainfall occurrences when s to rms  were  widespread. Any ob- 

vious e r r o r s  were  noted and called to the attention of the Meteorological 

Inspector in  Kirkuk. Copies of the records  were  then forwarded to  the 

Iraqi Meteorological Service, Climatology Department, a t  Baghdad Ai r -  

port. 

Evaporation Stations 

5.21 Three  evaporation stations were  established by the Hydrological 

Survey of I raq to  measure  evaporation r a t e s  for three  separate  regions. 

The station a t  Tusan gives evaporation for  r e se rvo i r s  that might be built 

on the main  s tem of the Tigris  River. The station a t  Dokan gives evapo- 

ration for  reservoi rs  along the edges of the mountainous a rea ,  such a s  

Dokan, Derbend-i-Khan, and Bekhrne. The station a t  Diana gives evapo- 

ration for typical valleys in the mountainous regions. 

5.22 The evaporation pans used to m e a s u r e  the evaporation were  

made  to the Standard U. S. Weather Bureau c lass  "A" pattern. They a r e  

of galvanized steel,  four feet in diameter ,  and ten inches deep, mounted 

on a wooden gr i l l  t o  permit  circulation of a i r  under them. 

5.23 There  was a choice as to  whether t o  m e a s u r e  the fluctuations 

of the water level in  the pan, between l imits ,  with a hook gage o r  to keep 

the water level constant by daily adding water  ( o r  removing i t  in case of a 

heavy rain) with a calibrated cup o r  dipper. It was decided to use the cup 

method because hook gages a r e  difficult for  non-technical personnel to  

read  accurately,  while i t  i s  simple to  count the number of cups of water  

required to re turn  the water surface to  the desired level. Our success-  

ful use of the cup method, compared with the indifferent resu l t s  obtained 



by others elsewhere with the hook-gage method fully justifies the 

choice. 

5.24 In addition to measuring the daily depth of evaporation from 

the pan, measurements were made daily or oftener of wind movement over 

the pan, maximum and minimum a i r  temperatures, wet- and dry-bulb a i r  

temperatures (for determining humidity), and precipitation. 

Meteorological Conditions -- in the Mountains 

5.25 This section describes the meteorological features characteristic 

of the mountainous areas of Iraq. It must be stated emphatically that the 

following material i s  not based on an analysis of meteorological records, 

but rather results from the field observations of experienced hydrologists 

and engineers over a period of a few years. It i s  intended to aid in check- 

ing and analyzing meteorological data. 

5.26 Although warm fronts do affect the northern, mountainous areas ,  

they a re  generally weak; even when they result in a total cloud cover, 

ensuing precipitation i s  likely to be slight. The approach of a warm front 

i s  often indicated by a typical sequence of cloud formations. Cirrostratus, 

accompanied by moderate but persistent lunar and solar halos, thickens 

and lowers to produce a total cover of altostratus or altocumulus. Cloud 

development i s  then generally complete, with the cloud base at  8000 to 

9000 feet. Such formations do not often yield precipitation, and when they 

co, no more than small amounts can be expected. Only occasionally does 

this medium cloud evolve further into the nimbostratus, in which case 

heavy rainfall may occur. 

5.27 Most of the precipitation in the mountainous areas  results from 

very unstable a i r  masses,  which frequently give r ise to heavy thunderstorms. 



These storms evidently depend upon some feature of local topography to 

trigger the precipitation. Thus this sort of storm tends to be very local 

in character and to vary considerably in intensity at two places perhaps 

only a few kilometers apart; such variation i s  a common feature of moun- 

tain storms everywhere. For example, in the neighborhood of Handran 

Mountain rain frequently falls on Jindian, at  the foot of the mountains, 

while Diana, some six kilometers away, i s  dry. The difference between 

Diana and Merga Sor, about 25 kilometers apart, i s  even more marked; 

for time and again heavy rain i s  experienced at the latter site while Diana 

remains dry. 

5.28 This marked variability indicates that it i s  incorrect to assume 

that an observer i s  not entering his rain-gage readings against the proper 

day just because rain gages on adjacent mountains show precipitation on 

succeeding days. Alterations of the records a r e  justifiable only when an 

observer i s  known to  be likely to make such mistakes. Thus, evidence 

from even a recording rain gage should not invalidate observations at 

another site unless the storm i s  known to be general and widespread. 



Chapter A-6 

OPERATING INSTRUCTIONS FOR METEOROLOGICAL GAGES 

Recording R a i n - .  Stations 

Description - of Gage 

6.1 This gage i s  the weighing type and consists of a receiver through 

which precipitation i s  funneled into a bucket mounted on a weighing mecha- 

nism. The weight of the precipitation catch i s  recorded on a clock-driven 

chart a s  millimeters of precipitation. The recording gage will record u p  

to  a capacity of 300 millimeters on a single chart of one-week duration. 

6.2 The gage i s  equipped with an inspection door in the outer 

cylindrical shield to provide access to the record chart. The receiver 

i s  fitted on top of the shield and i s  held by a hinge on one side and a pad- 

lock hasp on the other; i t  may be removed from the shield by giving it a 

slight twist and then lifting i t  off. Removing the receiver gives access to 

the bucket. 

Changing the Chart -- 
6.3 To change the chart on a gage the observer should: 

a. Open the inspection door; make a time check on the chart 
by touching the weighing mechanism gently so that the pen 
will make a vertical mark on the trace; then lift the pen 
from the chart by pulling the pen bar forward; 

b. Remove the receiver; 

c. Empty and replace the bucket; 



d. Grasp the chart cylinder at the top with one hand and 
with the other gently lift it over the spindle; release the 
clip holding the chart; (he should avoid touching the 
chart in such a manner a s  to smear the trace before it 
dries); 

e. Wind the clock and wrap the new chart around the clock 
cylinder so that: 

1) The time reads from left to right; 

2 )  The chart fits smoothly and snugly, with the base 
of the chart uniformly in contact with the flange of 
the cylinder; 

3)  After the clip has been replaced, the corresponding 
ends of each centimeter line coincide and the ex- 
posed end of the chart extends about one-half centi- 
meter to the sight of the clip; 

f. Replace the cylinder by lowering i t  gently over the spindle 
until the gears have meshed; refill the pen and return it 
almost to the surface of the chart (the pen should indicate 
a reading of zero on the chart, allowing a tolerance of one - 
half of a scale division, 0. 5 millimeter); report any pro- 
nounced or errat ic differences in excess of this tolerance 
to the supervising official; 

g. With the pen almost touching the chart, turn the cylinder 
clockwise (forward) until the time indicated i s  a few hours 
ahead (fast), then turn the cylinder back to the correct 
time (this move takes up the backlash (slack) in the timing 
gears);  be sure that the time i s  correctly indicated with 
respect to a .m.  or p.m. hours, a s  printed on the chart; 

h. Replace the receiver; return the pen to the chart and make 
a vertical time check on the chart; then close the inspection 
door. 



Information on the Chart --- 
6.4 The following items should be entered on the chart: 

a. The station name a s  specified by the supervising office, 

b. The date and time (to the nearest minute) that the pen 
will be placed on a new chart (it i s  especially important 
to note a .m.  o r  p.m. when entering time on the chart), 

c. The date and time of any intermediate time checks, 

d. The date and time of removal of the chart, 

e. An arrow (.L) with the word "on" at the time check made 
when the chart was installed, 

f. An arrow (L) with the word "off" at  the time check made 
when the chart was removed, 

g. Any notes that will explain any unusual or missing part of 
the trace,  

h. The observer's name. 

Maintenance 

6.5 Any mechanical failure such a s  clock failure o r  any other trouble 

that cannot be corrected a s  outlined herein should be reported immediately 

to  the supervising official. Any breaks or evidence of corrosion should 

also be reported promptly. 

6.6 Gages should be inspected daily where possible to check whether 

the clock i s  running and the pen i s  making a trace and to  make a time check 

on the trace. If the clock i s  not running and fails to  respond to winding, 

i t  should be removed and the supervisor o r  field engineer notified a s  quickly 

a s  possible. Extra care  should be taken to record the times of starting 



lbi 

and stopping of rainfall on the note sheet of the companion non-record- 

ing rain gage while the recording gage i s  inoperative. hrJ 

6.7 The chart should be changed once a week during the season of Y 

possible precipitation of September through June unless otherwise directed 

by the supervisor. If i t  i s  decided to use a chart for more than one week w 

because no rain fell in the f irst  week, it i s  desirable to  pour a little water 
V into the gage to separate the two traces.  A notation must be made on the 

chart to explain what was done and when, otherwise the trace may be inter- 

preted a s  representing actual rainfall. 

6.8 The rain gages should be operated through the summer dry 

season to ensure that the station i s  operative at the beginning of the rainy 

season, but one chart may be used for an entire month. In this case, 

pour in enough water to make the chart read about 80 millimeters. Evap- 

oration will cause the trace to go down and serve to separate the traces 

for each clock revolution. The clock must be set to the correct day each 

Monday morning since the chart i s  one day longer than a week. 

6.9 The chart should not be exposed to rain while removing i t  from 

the gage because the ink line may smear o r  spread; i t  i s  best to wait until 

the rain has stopped before changing the chart. During a very heavy or 

continuous rain, when there i s  danger that the capacity of the chart be ex- 

ceeded, the bucket should be emptied but the chart left alone. A notation 

should then be put on the chart as  soon as  the weather permits. It should 

be remembered that the pen reverses at  the top of the chart and still has a 

capacity of 150 millimeters at  the time of reversal. 

6.10 If snow i s  expected, the funnel portion of the receiver should be 

removed, as  can be done by giving i t  a twist to release the clamps along 



the edges. The receiver can then be replaced, and snow will fall directly 

into the bucket. The gage bucket may be charged with an anti-freeze solu- 

tion to melt snow and ice where heavy snowfalls and freezing weather a r e  

expected. Detailed instructions for preparing the anti-freeze solution can 

be found in the instruction manual supplied by the manufacturer. 

6.11 If the pen fails to feed ink, the flow of ink may be started by 

drawing a piece of cellophane (or other viscose film) o r  smooth, lint-free 

paper (preferably bond) between the nibs of the point to  clean and wet the 

inner faces. Thin material should be used, and with care, to prevent the 

nibs of the point from being permanently bent o r  separated. It should be 

inserted into the slot only about half the depth of the slot. The pen should 

be held away from the chart with the pen bar during the cleaning operation. 

The material should be drawn through the nibs with a motion directed away 

from the ink reservoir and toward the point. Whenever the pen i s  not 

making a trace at  the time the chart i s  change or nibs cleaned, a small 

dot may be placed on the chart to mark the position of the pen. The dot 

can be enclosed in a circle to identify i t  and a note of explanation entered 

on the chart. 

6.12 The pen should be filfed with ink whenever the chart i s  changed 

but at  intervals no greater than one a week. Care should be taken not to 

overfill the pen with ink since the ink can absorb water, especially in damp 

or rainy weather, and i s  then likely to overflow. When the trace on the 

chart becomes too faint due to  dilution, the ink should be removed from the 

pen with blotting paper and the pen refilled. The ink bottle should be tightly 

closed when i t  i s  not in use. 

6.13 The supervisor should inspect the gage frequently. He should 

install a recently cleaned clock once each year and send the old one to  

Baghdad to be cleaned by a competent watch repairman. 



Non-Recording Rain-Gage Stations 

Description - of GB 

6.14 The rain gage consists of an overflow can, a measuring tube, 

a rainfall receiver, a measuring stick (all  shown in Exhibit A-34), and a 

support. The rainfall receiver acts a s  a funnel to carry  the rain into the 

measuring tube. In an extremely heavy rain this tube will overflow, and 

the excess rain will collect in the large overflow can in which the measur- 

ing tube rests .  

6.15 Any malfunction or  leak in this equipment should'be reported to 

the supervisor. The equipment should also be cleaned carefully i f  dirt or 

foreign matter enters it. 

Method of Measurement - 
6.16 To determine rainfall the measuring stick i s  inserted bottom 

end first  through the hole in the rainfall receiver and into the measuring 

tube until i t  touches the bottom of the tube. The measuring stick i s  cali- 

brated in millimeters of rainfall and the graduation at the top of the wetted 

part of the stick gives the amount. It i s  very important to remember that 

because of the small diameter of the measuring tube, the depth of water in 

i t  will be ten times the depth of the actual rainfall. Since the measuring 

stick i s  calibrated to read depth of rainfall directly, the millimeter marks Ckl 

on the measuring stick a r e  one centimeter apart; the centimeter marks  

a r e  ten centimeters apart, etc. k, 

6.17 After the water in the measuring tube i s  determined and the kw 

measurement written down, the water from the tube i s  discarded and the 

tube and rainfall receiver replaced. If the measuring tube had completely Lsd 



filled and overflowed, the water from the measuring tube i s  measured and 

discarded, and the water from the overflow can i s  poured carefully into 

the measuring tube. This water i s  then measured in the measuring tube 

in the same manner a s  before, and the two values a r e  added together to 

obtain the total rainfall since the last measurement. 

6.18 During cold weather, when freezing temperatures and snow a r e  

likely, the rainfall receiver and measuring tube a r e  removed, leaving the 

overflow can exposed to catch any precipitation. Otherwise water might 

freeze in the measuring tube and split it open. At the time of observation, 

any water in the overflow can i s  carefully poured into the measuring tube 

and the amount noted. When ice or  snow a r e  found in the overflow can they 

must be melted. To do this the measuring tube i s  filled exactly to  the brim 

with water; this water i s  added to  the overflow can to  melt the snow or  ice, 

and then the measuring tube i s  again filled to the brim, this time with the 

water from the overflow can. The water in the tube i s  discarded, and 

the water remaining in the overflow can i s  then poured into the measuring 

tube and measured a s  usual. If water to do the melting i s  not available, 

the snow or ice can be melted by very carefully heating the overflow can, 

but caution i s  essential so a s  not to  injure the soldered joints o r  evaporate 

any water. 

Recording Observations 

6.19 Information gathered at  non-recording rain-gage stations is 

recorded on Form 9 ,  a sheet of which serves for an entire month. At 

the top of the form a r e  entered station name and liwa, observer's name, 

hour of regular daily gage reading, month and year, and latitude, longi- 

tude, and elevation of the station. 



6.20 The main portion of the sheet i s  for rainfall measurements. 

Column 1 lists the days of the month. Since each measurement repre- 

sents a 24-hour period, a particular reading is  entered next to the date 

in which most of this period elapsed; thus, if readings a r e  made after 

12:OO noon, they a r e  written next to the actual day on which they a r e  made, 

while readings made before noon a r e  recorded beside the date of the pre- 

vious day. Column 2 should show the actual time of measurement. 

Column 3 should record the amount of precipitation measured. When no 

precipitation has occurred, a point i s  made in the space for that day. If 

precipitation has occurred during the last 24 hours but was not enough 

to measure in the gage, "Tr" (meaning "trace") i s  written in column 3 .  

If there was precipitation but for some reason it could not be measured, 

a dash i s  put in column 3. In such a case the water should be left in the 

tube and included with the next measurement. In column 4 i s  written the 

time that the precipitation started. If i t  started during the night so that 

the actual hour i s  not known, "D. N. I '  (meaning "during night") i s  written. 

If i t  started during the daytime but the time it started was not noticed 

I'D. D. " (meaning "during day") i s  written. In column 5 the time that 

the precipitation ended i s  written in the same manner a s  the time of start-  

ing. If i t  i s  still raining or  snowing at the time of measurement, "Cont. " 

(meaning "continuing") i s  written. In this case "Cont. " i s  also written 

in column 4 for the next day. 

6.21 If there i s  snow on the ground at the time of measurement, i ts  

depth i s  measured vertically in several places and an estimated average 

recorded in column 7. If new snow has fallen during the last 24 hours, 

the depth of the new snow in centimeters i s  written in column 6. If the 

amount of new snow was not enough to measure "Tr" i s  written in 



column 6. A special stick for measuring the depth of snow i s  supplied 

to each observer. 

6.22 Columns 8, 9, and 10 provide space for noting any unusual events 

associated with storms. If during the preceding 24 hours there was a thun- 

derstorm near enough to a station for the observer to  hear the thunder, an 

"Xu i s  written in column 8 whether o r  not there was any rain at  the station. 

If during the preceding 24 hours there was any rain that froze to objects on 

the ground a s  i t  fell, leaving them slippery with ice, an "X" i s  put in 

column 9. Column 10 i s  for hail o r  sleet, which consist of little balls of 

frozen rain that will bounce if  they strike a hard surface. If, during the 

preceding 24 hours there was any hail o r  sleet a t  a station, an "X" i s  

written in column 10. If the hail stones or balls were very large, the 

largest ones a r e  measured and their diameter i n  millimeters i s  recorded 

in column 11. 

6.23 Column 11 also provides space for writing down any remarks 

that the observer thinks will be useful for the engineers using the reports. 

Reports can be much more valuable i f  any additional information not pro- 

vided for in the f irst  ten columns i s  recorded in column 11. Fo r  instance, 

columns 4 and 5 might show that it rained for several hours. If it rained 

very hard for a short time and then continued a s  a gentle rain during the 

res t  of the time, i t  will be very valuable to the engineers if the time of the 

heavy rainfall i s  written in column 11. If i t  was not raining continuously 

during the period of rainfall shown in columns 4 and 5, and the period during 

which the rainfall stopped was noted, it can be recorded in column 11. 

6.24 A carbon paper should be inserted under the precipitation measure- 

ment form before each figure i s  entered so that the observer will have a 

copy to  keep. The carbon copy must be legible, and where i t  i s  not, 



corrections should be made in pencil. Finally, the observer ' s  name 

should be signed a t  the bottom of the page. 

6.25 Daily precipitation values should a lso  be copied onto the cards  

called "Form Met. 6, " which a r e  mailed to  Baghdad. 

Evaporation Stations 

Evaporation Pxzs  

6.26 The equipment used for  making evaporation measurements  

consists of an  evaporation pan and fixed-point gage, stilling well, and 

measuring cup. The pan i s  of cylindrical design, ten inches deep and 

47. 5 inches in diameter on the inside, and i s  mounted about five inches 

off the ground on a supporting f rame so that a i r  can circulate around and 

under the pan and s o  that the sides and base of the pan can be inspected 

without difficulty. The fixed-point gage consists of a pointed rod mounted 

inside a stilling well, which provides an  undisturbed water  surface around 

the gage point. The well. i s  a b rass  cylinder, open a t  the top and mounted 

on a triangular base plate provided with leveling screws and lock nuts i n  

each corner .  A short  open pipe, extending up into the cylinder through 

the center of the base plate, dampens oscillations in the well  by retarding 

the flow of water  t o  and from the well. A pointed one-eighth-inch rod i s  

fixed within the stilling well  s o  that the point will be at  a level 7. 5 inches 

(19 centimeters) above the bottom of the pan. A measuring cup with a 

capacity sufficient to  r a i se  o r  lower the depth of water in  the evaporation 

pan by one mil l imeter  i s  used to  measure  the amount of water  necessary 

to  replace that lost f rom the pan by evaporation. 

b... 
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6.27 The stilling well i s  placed so that it rests  firmly on the bottom 

of the pan about 30 centimeters from the north edge. The top of the r im 

i s  then leveled by means of the three leveling screws in i ts  base and a 

spirit level. The pan i s  f irst  filled to the level of the gage point and 

thereafter refilled each time a regular observation i s  made. When heavy 

rains threaten to overflow the pan, enough water should be removed with 

the cup to lower i t s  surface to the top of the gage point. The number of 

cups of water removed should be noted on the record form. 

6.28 At the set time for observations, water should be added to  the 

pan (or removed from the pan when there has been rain) until the tip of 

the point coincides with the surface of the water in the well. As the water 

approaches the tip of the point, care should be taken by pouring slowly to 

allow time for water to flow into the well without overfilling. The change 

in depth of water in the pan due to  the addition or  removal of water with 

the measuring cup i s  determined simply by noting the number of cupfuls 

added or removed in the appropriate spaces on the record form. The 

number of cupfuls of water added or  removed from the pan i s  equal to the 

number of millimeters the water surface in the pan has been lowered by 

evaporation or raised by precipitation. 

6.29 The pan should be carefully inspected for leaks and rust spots, 

since any leaks will render the measurements valueless. Any leaks found 

should be reported on the observation form for the month, with both the 

date the leak was discovered and the date it was repaired. Whenever rust 

spots begin to  develop, the rust should be removed with a wire brush or 

abrasive material and the spots touched up with aluminum asphalt paint. 

The pan should be cleaned a s  frequently a s  necessary to keep i t  free from 

sediment, scum, and particularly oil films, which will materially reduce 



the rate of evaporation. During months when freezing conditions a r e  

likely, the pan should be emptied, cleaned, and stored. 

6.30 The stilling well should be cleaned occasionally and any 

sediment removed. The level of the well r im should be checked once 

a month. Whenever cleaning or an adjustment i s  necessary, the water 

surface should be brought level with the gage point before and after the 

adjustment, and the operation should be recorded under "Remarks" on 

the observation form. 

Anemometers 

6.31 A three-cup anemometer for measuring wind movement over 

the evaporation pan i s  mounted on a post set on the northwest projecting 

corner of the pan platform with the center of the cups about 15 centimeters 

above the rim of the pan. 

6.32 The anemometer i s  provided with a five-digit odometer, on 

which the total movement of the wind can be read. The five digits ap- 

pearing in the window of the odometer indicate the total wind movement 

to a tenth of a mile for any total up to 10, 000 miles, the right-hand digit 

giving the tenths of a mile. Five zeros (00000) on the meter indicate 

10, 000 miles and coincide with zero miles for the succeeding 10, 000-mile 

cycle of operation. 

6.33 The anemometer i s  read at the time of the daily evaporation 

observation. The reading, to the nearest tenth of a mile, i s  then entered 

on the data form. The wind movement over any specified period of time 

i s  obtained from the difference between odometer readings taken at  the 

start  and at the finish of the time interval: Such data need not be computed 

or entered on the forms. 



6.34 The cups and spindle of the anemometer should be cleaned 

thoroughly once a month. If everything i s  prepared beforehand, the time 

required i s  so short that no appreciable loss of record will result. The 

anemometer i s  f irst  removed from its  support with a slight twisting 

motion after the set screw near the bottom end of the housing has been 

unscrewed. The nut on the end of the spindle above the cups i s  removed; 

the screw in the side of the hub of the cups i s  unscrewed; and the cups a r e  

then removed from the spindle. The spindle and spindle bearing a r e  re-  

moved by unscrewing the retaining screw on the back near the enlarged 

portion of the housing. The spindle and ball bearing should be washed 

in kerosene. Evidence of noticeable amounts of dirt in the anemometer 

should be reported to the supervisor. The spindle bearing should always 

be cleaned with kerosene, and a cloth should be used to clean the outer 

race of the bearing (in the top end of the spindle housing). 

6.35 A drop of oil should be applied to  the worm threads and two or  

three drops to the bearing before reassembling the anemometer. Excess 

oil must be removed to prevent i t s  becoming a trap for dust, especially 

abrasive dust particles. Anemometer bearings that lack oil may wear 

badly in a few hours. A squeaking anemometer should immediately be 

removed from the support and examined. If not seriously damaged it can 

be cleaned and oiled; otherwise, the trouble should be reported to  the 

supervisor, who will arrange for a replacement. On the day that the 

anemometer i s  cleaned, the note "anemometer cleaned" should be entered 

on the record form for that day in the space provided for remarks. 

Thermometers 

6. 36 The dial-type thermometers used to measure the maximum and 

minimum daily temperatures have a bimetallic temperature-sensing element. 



Movement of the element in response to temperature changes causes a 

black pointer to rotate around a graduated scale on a circular dial. The 

scale i s  graduated in centigrade degrees. 

6.37 In addition to the black pointer on each thermometer, which 

indicates the current air  temperature, one thermometer has a blue pointer, 

which indicates the minimum temperature, while the other instrument has 

a red pointer, which indicates the maximum temperature. The pointers 

a r e  pivoted at the center of the dial. 

6.38 As the temperature decreases below the setting of the blue 

pointer, the black pointer moves the blue with it until the temperature 

ceases to fall. Similarly, as  the temperature r ises above that indicated 

by the red pointer, the black pointer moves the red with i t  until the tem- 

perature ceases to rise. Slight friction at the pivots of the red and blue 

pointers causes them to  remain at the points of highest and lowest tem- 

peratures until they a r e  adjusted manually by the knob on the outside of 

the glass dial cover. These instruments a r e  mounted on a post near the 

center of the cross board of the instrument shelter, in such a way that a i r  

flowing through the shelter can circulate freely around them. 

6.39 Thermometers a r e  read and the readings recorded to the nearest 

whole degree. Below-zero temperatures a r e  recorded with a minus ( - )  

sign prefixed; for example, a temperature of one degree below zero i s  

written a s  -1; five degrees below zero, -5, etc. A temperature of zero 

i s  recorded a s  0. 

6.40 When reading thermometers there a r e  general precautions 

against e r ro r s  which should be observed; the observer should: 



a. Stand a s  far  from the thermometer as  possible to  
prevent body heat from changing the indicated read- 
ings (this precaution i s  particularly important in cold 
weather); 

b. Be careful not to touch any part of the instruments from 
the time the maximum and minimum pointers a r e  set 
until they have been read at  the time of the next obser- 
vation: and 

c. Make sure that the line of sight from the eye i s  per- 
pendicular to the scale of the thermometer, i. e . ,  that 
the eye i s  directly in front of the pointer that i s  being 
read. 

Psychrometers 

6.41 Dry- and wet-bulb temperatures a s  read from the dry- and wet- 

bulb thermometers of a psychrometer a r e  used in the determination of 

dew point and relative humidity. The current a i r  temperature i s  the cur- 

rent reading of the dry-bulb thermometer. The psychrometer used con- 

sists  of dry- and wet-bulb thermometers mounted on a common back. 

Both thermometers a r e  mercury-filled glass thermometers of identical 

construction. The bulb of one thermometer has a close-fitting tubular 

cover of loosely woven muslin wicking to adapt it for use a s  the wet-bulb 

thermometer. A wooden handle and a short length of chain a r e  provided 

for whirling the psychrometer to ventilate it. 

6.42 The procedure used in moistening the wet bulb depends on the 

temperature and humidity of the air .  If it i s  hot (above 30°C) and dry, 

the wick should be moistened a few minutes before whirling the psych- 

rometer and then moistened again just before each measurement. For  

temperatures between 30°C and 3OC, the wick i s  moistened by dipping it 

into a cup of water just before making the measurement. When the 



dry-bulb temperature i s  below 3OC (37OF), the wick i s  moistened thoroughly 

ten to fifteen minutes before the reading i s  taken. This time interval will 

permit the latent heat, released if the water freezes, to be dissipated before 

forced ventilation i s  started. If the wet-bulb temperature i s  at  or below 

freezing point before ventilation i s  started, water at room temperature i s  

used to melt any accumulation of ice on the wet bulb, since only a thin coat- 

ing of ice during the ventilation i s  necessary f0.r accurate results at these 

wet-bulb temperatures. 

6.43 To ventilate the sling psychrometer, the observer should: 

a. Select a shady spot free from obstructions that might 
damage the psychrometer while it i s  whirled; 

b. Face into the wind; 

c. Whirl the psychrometer at least two revolutions per 
second and a s  far  in front of the body a s  possible; 

d. Ventilate the psychrometer at  least ten to  fifteen seconds 
between each reading (longer when the temperature i s  near 
or below freezing), after each period of ventilation, bring- 
ing the psychrometer quickly and smoothly to a stop and 
reading the thermometers to the nearest one-tenth degree 
immediately; 

e. Repeat the ventilation operation until two successive 
readings of the wet bulb a r e  the same; (At this point, the 
wet bulb must still be moist o r  ice-coated, a s  appropri- 
ate. A r ise  in the temperature of the wet bulb between 
two successive readings, without a corresponding rise in 
the temperature of the dry bulb, usually indicates that the 
wick i s  dry. The wick should be moistened again and the 
ventilation process repeated, after permitting the wet bulb 
to precool to a s  low a temperature a s  possible from natural 
ventilation. However, when the bulb i s  still wet and the 
temperature r ises  to  O°C (320F) between readings, the 
water i s  at the point of freezing, and additional ventilation 



i s  required to dissipate the latent heat of freezing and 
to  reduce the temperature to the true wet-bulb tem- 
perature. When the water remains unfrozen a t  a wet- 
bulb temperature below O°C, in spite of the usual ven- 
tilation, freezing may be induced by touching the wick 
with a cool object, preferably snow or ice, and contin- 
uing the ventilation, i f  necessary, until the wick i s  
frozen. ) 

f .  Record the lowest wet-bulb reading obtained in step e. 
and the corresponding dry-bulb reading. Enter these 
readings to the nearest one-tenth degree in the appro- 
priate spaces of the forms in use. 

Instructions - for Observation and Maintenance - 
6.44 Readings should be made at 0900 hours, but should this be 

impossible, the actual time of observation must be recorded. Following 

the indicated order, the observer should: 

a. Read and set dial thermometers a s  follows: 

1) Record the current a i r  temperature (black pointer 
of maximum thermometer); 

2) Record maximum temperature (red pointer); 

3) Record minimum temperature (blue pointer); 

4) Reset red and blue pointers, being sure that the 
red pointer i s  on the clockwise side of i ts  black 
pointer and the blue pointer i s  on the counterclock- 
wise side of its black pointer; 

b. Read wet-bulb and dry-bulb thermometers a s  follows: 

1 )  Wet the wick of the wet-bulb thermometer; 

2 )  Whirl the thermometers for about 30 seconds; 



3) Immediately read the wet-bulb thermometer  and 
record  on a separate  sheet; 

4) Repeat step 3 until the two lowest temperatures  
obtained a r e  equal; record  this  temperature on the 
data form to  the nearest  one-tenth degree; 

5) Record the dry-bulb temperature to  the nearest  
one-tenth degree; 

c. Service rain gages a s  follows: 

1) Read the non-recording (non-automatic) rain gage 
following the appropriate instructions; 

2)  Inspect the automatic recording rain gage, following 
the appropriate instructions; 

d. Read the anemometer a s  follows: 

1) Inspect the anemometer to see  that i t  i s  revolving 
freely and quietly; 

2 )  Record a l l  the numbers showing in the window; 

e .  Service the evaporation pan a s  follows: 

1) Inspect the pan for  signs of leakage o r  corrosion; 

2)  Add o r  remove water  with the standard cup until the 
level just touches the t ip  of the point gage; record 
the number of cups in o r  cups out in  the proper 
column. 

6.45 Two copies of the observations should be made, When each 

month of readings i s  completed, the original copy should be sent to  head- 

quar ters ,  and the carbon copy should be kept by the observer  until asked 

for.  The person who actually makes the readings should sign his  name 

a t  the bottom of each sheet. 



6.46 All instruments must be kept clean and free from dust and 

sediment. A soft wet cloth should be used to clean the various units on 

the f irst  day of each week or more frequently i f  required. The wick on 

the wet-bulb thermometer should be changed on the f irst  day of each week 

and more frequently i f  necessary to keep a clean wick on the bulb. If the 

pan water becomes dirty o r  i ts  surface oily, it should be changed a s  quickly 

a s  possible immediately after the 0900-hours reading i s  completed. The 

pan should be cleaned and refilled immediately. A note saying that the 

water was changed should be put under "Remarks. " 

6.47 The pan should be thoroughly inspected on the f irst  day of each 

month for leaks or rusty places. These should be repaired immediately 

i f  found and the fact noted under "Remarks" on the form. 

6.48 The grass  inside the enclosure should be encouraged to grow 

but should be kept cut to a length of about five centimeters. 
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ANNEX A- 1 

DESCRIPTION OF GAGING STATIONS IMPROVED 

(As of April 1959) 

KHABOUR RIVER - AT ZAKHO 

Location. Lat. 37O08' N. ,  long. 420411 E. ,  elevation approx. 440 m. 

Description - of installation. The staff gage consists of five one-meter 
gage plates fixed to  the outside (landward face) of the 20-inch-diameter 
pipe which serves a s  a gage well for the automatic water-stage recorder 
on the left bank. The recorder is  located in a small bay in the left bank, 
the pipe being supported by two horizontal steel I-beams anchored in con- 
crete a t  each end. The pipe opens to the river through a two-inch- 
diameter conical constriction at the lower end. Access to the recorder 
house over the pipe (floor level at a gage height of about ten meters)  is by 
a two-meter-long walkway and ladder from the river bank. 

The 100-meter-span cableway for discharge measurements' i s  situated 
300 meters  downstream of the stage recorder. It is supported by a steel 
A-frame four meters  high on the left bank and a ten-meter steel tower on 
the right bank. The landing platform and traversing winch a re  on the left 
bank. A secondary staff gage (zero to  four meters)  i s  installed on the 
left bank near the cableway so that changes in stage during measurements 
can be recorded. 

Sketches of a l l  gaging stations, including location plans and some elevations, 
a r e  given in Exhibit A-2. 

Flow characteristics control. The river flows over an irregular 
rocky bed between steep rock banks. Flow is turbulent at  medium and 
high stages. Control i s  provided by the channel downstream from the 
site and i s  considered to be stable. 

TIGRIS RIVER AT TUSAN - 
Location. Lat. 37°00' N. ,  long. 42O28' E., approx. eight km. down- 
stream from Paish Khabur; elevation approx. 330 m. 
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Description of installation. The staff gage consists of eight one-meter - 
gage plates fixed inside the gage well of the automatic water-stage re-  
corder on the right bank. An external staff gage consists of one-meter 
plates fixed to teak posts a few meters  upstream from the gage well. 

The recorder house and gage well a r e  constructed of concrete brick with 
angle-iron bracing at  the corners. 

The lowest intake pipe, of three-inch diameter, lies at  gage height 0. 3 
meters  and i s  15 meters  long. An additional three-inch intake pipe passes 
through the wall of the recorder tower at  gage height 1.5 meters. An ac- 
cess door, 60 by 80 centimeters, i s  provided near the base of the tower. 
A steel ladder i s  fixed to the inside of the tower, and a walkway eight 
meters  long gives access to the recorder house from the river bank. The 
floor of the recorder house i s  at  gage height eight meters.  (Gage heights 
a r e  referred to an arbitrary datum. ) 

The 300-meter-span class-I  cableway for discharge measurements' i s  
situated 200 meters  downstream of the recorder tower. The cable i s  
supported by two steel towers 25 meters  high. The car  i s  traversed, 
raised, and lowered by a diesel engine on the left bank; alternatively it 
can be operated by a hand windlass. 

Flow characteristics and control. Flow characteristics at  the station a r e  - - 
suitable, the gage and cableway being in the center of a straight reach of 
r iver several hundred meters  long, with the flow confined between steep 
banks. Control i s  provided by the channel downstream from the station and 
i s  likely to prove stable. 

RUWANDUZ RIVER AT JINDIAN - bd 

Location. Lat. 36O38' N. ,  long. 44'34' E . ,  elevation approx. 570 m. 

Description of installation. The internal staff gage consists of ten one- - 
meter gage plates fixed inside the gage well of the automatic water-stage 
recorder on the right bank. The upper five plates (two to seven meter 

i.I 

range) of the external gage a r e  attached to timber back-boards mounted 
on two-inch-diameter galvanized iron pipes set in concrete; the one-to- iu 
three-meter plate i s  attached to  a rock in the river close to the recorder- 
well intake pipes. No zero-to-one-meter plate i s  necessary here. 

L 
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The recorder house i s  constructed of cement block. The gage well i s  
excavated in the conglomerate and shale of the river bank and i s  lined for 
the upper three meters  with corrugated steel pipe. The lower intake pipe 
of three-inch diameter i s  placed with its top at  gage height zero meters 
and i s  20 meters  long. An additional three-inch intake pipe enters the 
gage well at  gage height 2. 0 meters.  Par t  of i t  lies inside a five-inch 
steel pipe to facilitate replacement should this be necessary. 

Both pipes enter the gage well in a sealed adit driven through the shale 
bank. A steel ladder i s  provided inside the well. The floor of the re-  
corder house i s  at  gage height ten meters.  A flushing tank and valves 
a r e  provided on both intake pipes, but a small spring entering the gage 
well from the hillside has kept the water clear, and no silting has been 
observed. There i s  a 1.3-meter-deep silt sump below the lower intake 

pipe. The gage i s  set to  an arbitrary datum. Bench marks  A and B 
consist of angle iron set in concrete and have levels of 100. 00 meters  and 
81. 847 meters  respectively. The gage zero level i s  72.629 meters.  
Gage level of zero flow i s  approximately 0. 8 meters.  

The cableway for discharge measurements is  situated 40 meters  down- 
stream from the recorder tower. The cable i s  supported by two steel 
A-frames on the left bank (the main road passing between them) and i s  
anchored in concrete in the hillside of the right bank. The span i s  94 
meters. The landing platform and traversing winch a r e  on the right 
bank. A cement-block storehouse for cableway equipment has been built 
on the right bank. 

Flow characteristics and control. The flow characteristics at  the site - 7 

a r e  good, the approach channel being straight and uniform for 200 meters  
upstream from the site. The bed i s  of shingle and shows no irregularities 
in cross section. The rock to which the one-to-two-meter plate of the 
external gage i s  attached i s  sufficiently far upstream for i ts  turbulent ef- 
fect at  the measuring section to  be negligible. Low-flow discharge mea- 
surements a r e  made by wading at the cableway site. A special tagline is 
stretched between permanent concrete anchor blocks during each wading 
measurement. 

The low-flow control consists of a long riffle of rock and boulder whose 
head i s  50 meters  downstream from the cableway. This section i s  stable 
and i s  used by the local people a s  a ford. At high flows the ford section 
tends to  be drowned out, and the control effect becomes less  localized but 
still fairly stable. 
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BALIKIAN RIVER AT BAIJKIAN --- 
Location. Lat. 36O39' N. , long. 44'30' E. , elevation approx. 535 m. 

Description - of installation. The internal staff gage consists of fourteen 
one-meter gage plates fixed inside the gage well of the automatic water- 
stage recorder on the left bank. The two-to-eighteen-meter plates of 
the external gage a r e  attached to the outside of the recorder tower; i t  i s  
intended that the lowest two meters  of the gage should consist of sloping 
gage plates set in the undisturbed rock of the river bed. 

The recorder house and gage well a r e  constructed of cement blocks with 
steel reinforcing on a three-meter-high reinforced concrete base. The 
lower two meters  of the gage well a r e  excavated in the undisturbed rock 
of the bank. The lowest intake pipe, of three-inch diameter, lies at  gage 
height 0. 3 meters  and i s  20 meters long. 

Two additional three-inch intake pipes pass through the wall of the tower 
at  gage heights of 2. 0 meters  and 6. 25 meters.  A 60-centimeter-square 
steel access door i s  provided near the base of the tower on the downstream 
face, and a steel ladder i s  fixed inside the tower. The floor of the r e -  
corder house i s  at gage height 14 meters. A six-meter-long steel walk- 
way gives access to the recorder house from the river bank. A flushing 
tank and valve a r e  provided on the lowest intake pipe. There i s  a 1.5- 
meter-deep silt sump below the lowest intake pipe. The gage i s  set to an 
arbitrary datum. 

The 95-meter-span cableway for discharge measuremenisis situated 25 
meters upstream from the recorder tower. The cable i s  anchored in 
concrete in the hillside of the left bank and i s  supported by an eight-meter- 
high steel tower on the right bank. 

The landing platform and traversing winch a r e  on the right bank. 

Flow characteristics and control. The river channel i s  cut in undisturbed --- 
rock, and though there i s  a shingle bar on the right bank at the site, the 
cross section i s  considered to be fairly stable. The approach channel i s  
straight and fairly uniform for 150 meters  upstream from the site. The 
cross section at the cableway i s  irregular.  At high flows e r ro r s  in dis- 
charge measurement introduced by these irregularities will not be serious. 
Low flows a re  measured at a wading section 200 meters  upstream; perma- 
nent concrete tagline anchor blocks a r e  installed, the tagline being stretched 
between them at the time of measurement. 
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The low-flow control consists of a rock and boulder section of chamel 
20 meters  downstream of the recorder tower. At high flows this control 
i s  drowned out; the water surface slope steepens, and control i s  exercised 
by the channel further downstream and, at  exceptionally high flows, by the 
constriction at the bridge and gorge 400 meters  downstream from the re-  
corder tower. All high-stage controls a r e  considered stable. 

GREATER ZAB RIVER AT IFRAZ 

Location. Lat. 36O24' N. ,  long. 43O48' E . ,  elevation approx. 280 m. 
The station i s  about 20 kilometers upstream from the station at  Eski Kelek 
and about three kilometers downstream from the Bastura Chai confluence. 

Description of installation. The internal staff gage consists of eight one- 
meter gage s a t e s  fixed inside the gage well of the automatic water-stage 
recorder on the left bank. The upper four one-meter plates of the exter- 
nal gage a r e  attached to the outside downstream face of the recorder tower; 
the lower four one-meter plates a r e  fixed to concrete piers descending into 
the river in one-meter steps. 

The recorder tower house and gage well a r e  constructed of concrete blocks 
with angle-iron bracing at the corners. The lowest intake pipe, of three- 
inch diameter, lies at  gage height 0. 3 meters  and i s  18 meters  long. 

Additional three-inch intake pipes pass through the wall of the tower a t  
gage height of about 3.5 meters  and seven meters.  A 60-centimeter- 
square access door i s  provided near the base of the tower on the upstream 
face, and a steel ladder i s  fixed to the outside of the tower. The recorder 
house floor level i s  at  gage height 12 meters,  and a six-meter-long walkway 
gives access to the recorder house from the river bank. A flushing tank 
and valve a r e  provided on the lowest intake pipe. 

The 550-meter-span class-I cableway for discharge measurements a t  high 
stages i s  situated 440 meters  downstream from the recorder tower. The 
cable i s  supported by two steel towers 32 meters  high and i s  designed for 
a maximum working load of two and a quarter tons. The cablecar i s  t ra -  
versed, raised, and lowered by a diesel engine housed at the base of the 
left-bank tower. A secondary cableway of 600-meter span, i s  situated 
ten meters  upstream from the recorder tower and i s  used to maintain boat 
position for boat measurements. This cable i s  anchored in concrete in 
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the hillside of the left bank and supported by a s tee l  A-frame six m e t e r s  
in  height on the right bank. The boat (consisting of two locally made 12- 
meter- long boats joined by a t imber  platform) i s  held f rom a pulley on the 
cable; i t  i s  fitted with an outboard motor .  The boat station i s  unsuitable 
for  measurements  above about 1000 cumecs ( o r  three-meter  gage height) 
a s  flow then bypasses the cableway on the right bank and velocities become 
dangerously high fo r  boat operation. 

A house, office, and s toreroom for  the discharge observer  have been built 
on the left bank near  the cableway. 

Flow charac ter i s t ics  and control. The ma in  cableway i s  a t  the downstream - - 
end of an almost straight and uniform reach of channel two kilometers long. 
At high stages good discharge measurements  can be made f rom the cable- 
way; however, a t  medium and low stages the flow i s  oblique to  the cableway, 
and over much of the section the r ive r  flows rapidly a t  shallow depth over a 
shingle bank. At these s tages measurements  a r e  made  at the boat station, 
where the c r o s s  section and flow charac ter i s t ics  a r e  good. 

The control consists of a shingle b a r  which s t a r t s  below the cableway and 
(ur 

extends downstream. Movement of the shingle bar  and, possibly, the 
growth of aquatic vegetation in  the summer  season resul t  in  shifting of 
the stage-discharge relation, par t icular ly a t  low flows. tU 

KHAZIR RIVER AT MANQUBA - 
Location. Lat. 36O18' N. ,  long. 43'33' E . ,  elevation 250 m . ,  a t  bridge b 
on Mosul-Erbil  highway. 

Description - of installation. The internal  staff gage consists of eight one- iu 

m e t e r  gage plates fixed inside the gage well of the automatic water-stage 
recorder .  An external staff gage, installed by the D. G. I. (Director  

k d  
General of Irrigation) in  1943, i s  fixed to  the downstream side of the left 
p ie r  of the fo rmer  bridge, except for  the lowest one-meter length, which 
i s  fixed to  an  upright s tee l  beam two m e t e r s  away. b 

The recorder  gage well i s  constructed of 1 .22-meter-diameter  corrugated 
s teel  piping built up in  sections and i s  attached to the downstream end of &i 

the left central  p ie r  of the bridge. The recorder  well i s  founded on a con- 
c re te  s lab (1. 5 x 1. 5 x 1. 0 m e t e r s )  set  in  the r ive r  bed a t  gage height ii 
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-0. 3 meters.  The lowest intake consists of a three-inch-diameter pipe 
at  gage height 0. 8 meters.  No further intake pipes a r e  required a s  there 
a r e  small apertures at each of the pipe section joints of the recorder well. 
An access door i s  provided near the base of the well. A steel ladder is 
fixed inside the well. The floor of the recorder house i s  at gage height 
eight meters. A flushing tank and valve a r e  provided on the intake pipe. 
The gage i s  set to G. T. S. (Greater Trigonometric Survey) datum. 

LESSER ZAB AT DOKAN FERRY -- 
Location. Lat. 35O53' N., long. 44058' E., elevation approx. 410 m. 

Description - of installation. The internal staff gage consists of eight one- 
meter gage plates fixed inside the gage well of the automatic water-stage 
recorder on the left bank. An external staff gage i s  to be added. 

The former gage, installed by the D. G. I. in 1952, i s  one kilometer up- 
stream from the present gage and consists of eight one-meter gage plates 
fixed to steel beams. The lowest gage plate i s  driven into the river bed, 
and the others a r e  set in concrete steps on the left bank. 

The recorder house, constructed of hollow precast concrete blocks, sur-  
mounts a 1. 2-meter-diameter well of corrugzted steel piping. 

The lower intake pipe, of three-inch diameter, i s  at  gage height 0. 3 meters  
and i s  21 meters  long. The upper three-inch intake pipe passes through 
the wall of the recorder well at  gage height 0 .6  meters. A one-meter- 
square access door i s  provided near the base of the well, and a steel ladder 
inside the well extends from the recorder house to the base of the well. A 

four-meter long walkway gives access to  the recorder house from the road- 
way. The floor of the recorder house i s  at  gage height ten meters. A 

flushing tank and valves on both intake pipes a r e  provided. 

The gage heights at the new gage a r e  referred to  an arbitrary datum, the 
level of the junction between the recorder house and recorder well being 
specified a s  gage height 8. 0 meters. A contractor's bench mark on a 
culvert at the bend of the old road between the new gage and the main road 
to  the dam i s  at  a known elevation with reference to  the arbitrary datum. 
The difference in elevation between this reference point and a G. T. S. bench 
mark  beside the D. G. I. gage (near the cableway) i s  known, but the elevation 
of the G. T. S. bench mark i s  a s  yet unknown. 
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The 150-meter-span cableway for discharge measurements i s  situated 
ten meters upstream from the D. G. I. staff gage. The cable i s  supported w 

by steel masts  six meters  high on each bank. Both ends of the cable a r e  
anchored in concrete. The landing platform and traversing winch a re  on 
the left bank. ci 

Flow characteristics and control. Flow characteristics at the cableway - - Ily 

a re  adequate, with flow concentrated towards the right bank. At very 
high stages some flow would by-pass the left-bank cableway mast,  but such 
conditions a r e  unlikely since the construction of Dokan Dam. The control, w 

consisting of a distinct riffle about 50 meters  downstream from the cable- 
way, i s  adequate at al l  stages though owing to its wide, almost horizontal 
crest  it i s  somewhat insensitive at  low stages. 'u 

b 
LESSER ZAB RIVER AT GOMA ZERDALA - - 
Location. Lat. 35O47' N. , long. 44O11' E. , elevation approx, 255 m. h 

Description of installation. The internal staff gage consists of ten one- 
meter gage F a t e s  fixed inside the gage well of the automatic water-stage 
recorder on the right bank. The external staff gage consists of one-meter 
gage plates fixed to the downstream face of the recorder tower, with the 
lowest four one-meter plates attached to steel beams grouted into the rock. 

The recorder house and gage well a r e  constructed of concrete bricks with 
angle-iron bracing at  the corners. The lowest intake pipe of three- inch 
diameter, lies at  gage height 0.5 meters  and i s  three meters  long. An 
additional two-inch intake pipe passes through the wall of the gage well at 
gage height 1.5 meters.  An eight-inch-diameter pipe stub i s  provided in 
the middle of the downstream face near the base of the well; through it a 
suction hose can be passed for the removal of silt from the well. This 
pipe i s  normally covered with a steel plate on the outside. A 60-centimeter- 
square access door in the upstream face was provided in January 1959. A 
steel ladder i s  fixed to the outside of the well, and a six-meter-long walkway 
gives access to the recorder house from the river bank. The floor of the 
recorder house i s  at  gage height nine meters.  A flushing tank and valve 
a r e  provided on the lowest intake pipe. 

Gage heights a r e  referred to an arbitrary datum. There i s  a bench mark 
at  the left-bank abutment of the railroad bridge downstream from the gage. 
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Near the gage a concrete block used a s  the H. S.  I. reference point has not 
yet been leveled. 

The 180-meter-span cableway for discharge measurementsis situated ten 
meters  downstream of the recorder tower. The cable i s  supported by a 
4. 5-meter-high steel A-frame on the right bank and a nine-meter-high 
steel mast  on the left bank. The landing platform and traversing winch 
a r e  on the right bank. 

Flow characteristics and control. The gage and cableway a r e  on a slight - 7 

bend to  the left in the river. The left bank shelves gently into the r iver 
from a high, almost level shingle flood plain about 200 meters  wide at  the 
gage height of about two meters. The right bank, into which the recorder 
tower i s  built, consists of conglomerate and forms a cliff. Maximum 
depth and velocity occur near the right bank. The flow characteristics 
and cableway section a r e  good for discharge measurement at a l l  stages. 
At very high stages it i s  possible that a small flow will bypass the left 
bank cableway tower, but since the completion of Dokan Dam this is un- 
likely. 

The control consists of a shingle bank across the river about one kilometer 
downstream of the recorder tower. The control i s  considered to  be fairly 
stable though small shifts may occur. 

TIGRIS RIVER AT FATHA - 
Location. Lat. 35O03' N., long. 43O33' E . ,  elevation approx. 110 m. 

Description of installation. Two gages a r e  in current use for the com- - 
putation of daily discharge, the gage on the transporter of the I. P. C. (Iraq 
Petroleum Company) and the automatic water stage recorder gage. There 
a r e  also two other gages, the I. P. C. gage and the D. G. I. gage, which a r e  
no longer used for discharge computation. 

The transporter gage consists of nine one-meter gage plates fixed to  the 
downstream, shoreward corner of the right pier of the transporter. The 
automatic gage is located on the right bank about three kilometers up- 
stream of the transporter gage. The internal gage consists of eight one- 
meter gage plates fixed inside the well. The lowest three one-meter gage 
plates of the external gage at  the recorder site a r e  fixed to steel beams 
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grouted in rock about 100 meters  from the gage well; the plates for gage 
heights 3.0 to 6.0 meters a r e  fixed to steel beams grouted into a rock plat- 
form about 60 meters  upstream from the recorder well; and the plates for 
gage heights 6.0 to 8 .0  meters  a r e  fixed to the downstream face of the well. 

The recorder house and gage well a r e  constructed of concrete brick. The 
excavated section of the gage well i s  lined with corrugated steel pipe back- 
filled with concrete. 

The lowest intake pipe, of three-inch diameter, i s  at  gage height 0. 3 
meters  and i s  30 meters  long. An additional two-inch intake pipe passes 
through the wall of the recorder tower at gage height six meters.  A 60- 
centimeter-square access door i s  provided near the base of the tower in 
the side facing the river. A steel ladder i s  fixed to the inside of the tower. 
The recorder house i s  approached by a 13-meter-long walkway from the 
river bank. The floor of the recorder house i s  at gage height ten meters.  
A flushing tank and valve a r e  provided on the lowest intake pipe. 

Gage heights at  both transporter and stage recorder gages a r e  referred to 
G. T. S. datum. A bench mark  exists on the pier of the transporter.  

Discharge measurements at  Fatha a r e  made by arrangement with the 
I. P. C. from its 400-meter-span cableway. The cable i s  supported by 
two steel towers 30 meters  high and i s  designed for a maximum working 
load of two and a quarter tons. A car  has been provided by the H. S. I. for 
discharge measurements. The car  i s  traversed, raised, and lowered by 
a diesel engine on the right bank. 

Flow characteristics and control. The stage-discharge relationship at  - - 
the transporter gage i s  controlled by the river channel conditions for an 
indeterminate distance downstream from the gage. The relationship for 
the recorder gage i s  controlled in part by a gradual riffle near the up- 
stream end of a shingle island about one kilometer downstream from the 

gage. 

ADHAIM RIVER AT THE NARROWS -- 
Location. Lat. 34O30' N. , long. 44O3 1' E. 

Description of installation. The internal s.taff gage consists of ten one- - 
meter gage plates fixed inside the gage well.of the automatic water-stage 



Annex A- 1 
Sheet 11 of 12 

recorder on the left bank. The external staff gage consists of one-meter 
gage plates fixed to the sandstone cliff, except for the lowest two plates, 
which a r e  fixed to steel beams set in concrete in the river bed. 

The recorder well i s  excavated in the sandstone cliff and lined with a 
corrugated steel pipe 1. 22 meters  in diameter. The brick gage house is 
on the top of the cliff. 

The lowest intake pipe, of three-inch diameter, lies at  gage height 0. 5 
meters  and i s  20 meters  long. An additional three-inch intake pipe passes 
through the wall of the recorder well at gage height four meters. A steel 
ladder i s  fixed on the inside of the gage well. The floor of the recorder 
house i s  at  gage height ten meters.  A flushing tank and valve a r e  pro- 
vided on the lowest intake pipe. 

Gage heights a r e  referred to an arbitrary datum. A concrete block used 
by H. S. I. a s  a reference point i s  situated to the left of the gage house en- 
trance. 

The 300-meter-span class-I cableway for discharge measurements i s  
situated 30 meters downstream of the recorder tower. The cable i s  sup- 
ported by two steel towers 18 meters high and i s  designed for a maximum 
operating loadof two and a quarter tons. The car  i s  traversed, raised, and 
lowered by a diesel engine. The landing platform and traversing winch 
a re  housed on the left bank. Low flows a r e  measured by wading at  a point 
about 400 meters  upstream of the gage. 

Flow characteristics - and control. The observed discharge of the Adhaim 
River varies from zero flow to about 3000 cumecs, and changes in stage - - 
occur very rapidly. The river flows over soft silts and small shingle, and 
i t  i s  impossible to find a gage and discharge site fulfilling al l  requirements. 
The present site i s  the best that could be found and replaces that at Injana, 
four kilometers downstream. The river i s  confined at al l  stages behveen 
high banks; the approach channel i s  fairly straight and uniform for 500 
meters  upstream of the cableway. The bed i s  of pebbles and sand, and 
the cableway measuring section i s  good except at very low stages, when 
measurements a r e  made by wading. 

Control i s  provided by the river channel downstream of the gage at  medium 
and high stages and by a riffle, or break in slope in the river bed.400 meters  
downstream at low stages. Shifts in the control occur, affecting the stage- 
discharge relation, particularly at  very low stages. 
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DIYALA RIVER AT DERBEND-I-KHAN - 
Location. Lat. 35008' N . ,  long. 45045' E . ,  elevation ("DM gage) 375 m .  

Description - of installation. The fo rmer  ("Dlt) gage consisted of three  
one-meter  gage plates bolted to  s tee l  beams se t  i n  concrete on the right 
bank about one-half kilometer downstream from the dam site. This si te 
was affected and the gage destroyed in 1957 by construction activities in 
connection with Derbend-i-Khan dam. A temporary  ( "Ef t )  gage was in- 
stalled about 1. 2 ki lometers  fur ther  downstream and will be in  use until 
"D" gage site is again clear .  The installation of the automatic water -  
stage recorder  a t  'ID" gage i s  delayed until the s i te  i s  c lear .  "El' gage 
consists of eight overlapping two-meter gage plates bolted to  angle i rons  
se t  in  concrete. 

A correct ion of 1. 81 m e t e r s  must  be added to  the gage heights read on 
both "D" and "E" gages to  convert t o  C. T. S. datum. A bench m a r k  
se t  a t  G. T. S. elevation 372. 68 m e t e r s  i s  situated near  the old D. G. I. 
building. 

The 135-meter-span cableway fo r  discharge measurements  i s  situated 
40 m e t e r s  upstream of "D1' gage. The cable i s  supported by a reinforced 
anchor block se t  i n  the cliff on the right bank and by a s tee l  A-frame on the 
left bank. The landing platform and t raversing winch a r e  on the right bank. 

Flow charac ter i s t ics  and control. The control section for  "D" gage s i te  - - 
consists of a well-defined riffle on both s ides  of an  island downstream 
f rom the  site. This riffle will  be  very  unstable until completion of con- 
struction activities a t  the dam site. The control for  the "E" gage site 
i s  a long riffle of shingle downstream f rom the site. 
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ANNEX A-2 

KHABOUR RIVER AT ZAKHO - 

Sediment Concentration Sediment Load 
Discharge (parts per million) (million kg. 

Date jcumecs) Vertical 'coarse Fine Total Average per &yay) - -- 
1958 - 

3 July 3 6 

16 July 23 

3 1 July 16 

14 Aug. 13 

31 Aug. 14 

1959 - 
17 Mar. 5 8 

18 Mar. 87 

Note 1: Measured from left bank water 's  edge; 
Vertical 1 i s  114 distance across  river; 
Vertical 2 is 112 distance across  r iver;  
Vertical 3 i s  314 distance across  river. 

2: Part icles larger than 0. 05 mm diameter 
designated coarse, smaller designated fine. 
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OBSERVATIONS O F  SUSPENDED SEDIMENT Wu 

KHABOUR RIVER - AT ZAKHO (cont'd. ) 

Sediment Concentration Sediment Load 
Discharge (pa r t s  p e r  mill ion) (million kg, 

Date - (cumecs) Ver t ica l  Coarse  --  Fine  Total  Average p e r  day) 
I q 5 9  

19 Mar .  74 1 517 
2 5 87 
3 681 

22 Mar .  6 0 1 168 
2 148 
3 187 

23 Mar .  9 3 1 126 1522 1648 
2 107 1855 1962 
3 151 1630 1781 

24 Mar .  7 5 1 281 
2 296 
3 255 

15 D e c . l l  11 1 48 
2 34 
3 2 9 

1960 - 
10 Jan. 53 1 45 1800 1845 

2 78 2026 2104 
3 5 8 1777 1835 

16 Jan. 19 1 128 
2 185 
3 284 

18 Jan. 2 9 1 46 
2 24 
3 3 5 

1 /  Data fo r  the  T ig r i s  and its t r ibu tar ies  a f te r  completion of H. S. I. field - 
work in  the spr ing of 1959 a r e  furnished through the courtesy of the 
Irrigation Directorate .  
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OBSERVATIONS OF SUSPENDED SEDIMENT 

KHABOUR RIVER - AT ZAKHO (cont'd. ) 

Sediment Concentration Sediment Load 
Discharge (parts per million) (million kg 

Date - (cumecs) Vertical Coarse --  Fine Total Average per day) 

1960 - 
22 Feb. 54 1 

27 Feb. 41 1 
2 
3 

16 Apr. 259 1 - 
2 252 
3 213 

3 July 22 1 
2 

25 July 14 1 
2 
3 

10 Sept. 9 1 
2 

12 Nov. 10 1 94 
2 46 
3 64 

20 Nov. 3 5 1 45 2118 2163 
2 117 1981 2098 
3 85 1932 2017 
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OBSERVATIONS O F  SUSPENDED SEDIMENT L 

KHABOUR RIVER AT ZAKHO (cont'd. ) - 

Sediment Concentration Sediment Load 
Discharge (par t s  p e r  mill ion) (million kg. 

Date (cumecs) Vert ical  Coarse  Fine Total  Average per day) - -- 
1961 - 

10 May 1 698 
2 968 
3 1093 

17 May 175 1 1117 
2 891 
3 879 

13 Aug. 9 1 3 3 
2 2 9 
3 67 

17 Oct. 9 1 18 
2 16 
3 34 

17 Nov. 10 1 30 
2 19 
3 41 

22 Nov. 206 1 2709 3117 5826 
2 885 

I t s  

4500 5385 
3 1659 4634 6293 

u 

26 Nov. 20 1 6 1 
2 97 
3 3 9 lr," 

9 Dec. 2 2 1 113 3992 4105 
2 93 4264 4357 
3 99 4366 4465 
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OBSERVATIONS OF SUSPENDED SEDIMENT 

KHABOUR RIVER - AT ZAKHO (cont'd. ) 

Sediment Concentration Sediment Load 
Discharge (parts per million) (million kg. 

Date (cumecsl  Vertical Coarse Fine Total Average p e r  day) - 

15 Dec.  157 

21 Dec.  22 

25 Dec.  46 

1962 - 
3 Jan. 24 

6 Jan. 6 1 

10 Jan. 47 

17 Jan. 3 2 
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.k. 

OBSERVATIONS O F  SUSPENDED SEDIMENT 

TIGRIS RIVER AT TUSAN - 

Sediment Concentration Sediment Load 
Discharge (par t s  p e r  mill ion) (million kg. 

Date J c u m e c d  Vert ical  Coarse  F ine  Total  Average p e r  day) - -- 
1958 - 
29 Jan. 1570 2 2980 2980 404 

23 Feb. 914 1 1370 1833 145 
2 1710 
3 2420 

24 Feb. 1180 1 1060 1490 152 
2 1320 
3 2090 

5 Mar .  1560 1 443 0 4403 593 
2 4080 
3 4700 

10 Mar .  2000 1 5060 5980 1030 
2 6140 
3 6740 

25 Mar .  2260 1 2800 4333 846 
2 5600 
3 4600 

2 0 A p r .  1930 1 880 1549 2429 2266 378 
2 1000 1185 2185 
3 846 1337 2183 

3 July 327 1 72 84 2.37 
2 84 
3 9 7 

17 July 243 1 57 6 6 1.39 
2 75 
3 67 

Note: P a r t i c l e s  l a r g e r  than 0. 05 mm diameter  
designated coarse ,  sma l l e r  designated fine. 
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iecr TIGRIS RIVER AT TUSAN (cont'd. ) - 

 ti Sediment Concentration Sediment Load 
Discharge (parts per million) (million kg. 

Date Jcumece) Vertical Coarse Fine Total Average T e r  day) 
s - -- 

d 
14 Aug. 164 1 7 6 74 1. 05 

2 80 
80 3 67 

31 Aug. 143 1 - 

.im 14 Sept. 137 1 
2 
3 

€4 
2 Oct. 141 1 

2 
,d 3 

23 Oct. 135 1 
Bi 2 

3 

rd 18 Nov. 150 1 34 48 0.62 
2 7 2 
3 3 9 

@ 
9 Dec. 940 1 739 3793 4532 4356 354 

2 675 3675 4350 
M 3 528 3658 4186 

1959 
'd 5 Feb. 410 1 

2 

lid 3 
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OBSERVATIONS OF SUSPENDED SEDIMENT 

TIGRIS RIVER - AT TUSAN (cont'd. ) ulrl 

Sediment Concentration Sediment Load 
Discharge (parts per million) (million kg. 

Date (cumecs) Vertical Coarse Fine Total Average per day) - 
18 Feb. 254 1 

2 
3 

8 Mar. 376 1 516 
2 579 
3 330 

14 Mar. 671 1 84 1434 1518 
2 7 2 974 1046 
3 630 6842 7472 

4 Apr. 964 1 
2 

6 Apr. 1914 1 47 3 1387 1860 
2 3417 
3 228 2127 2355 

15 Apr. 1768 1 959 2450 3409 
2 593 2226 2819 
3 118 1610 1728 

2 Aug. 182 1 -. 

31 Aug. 115 1 
2 

28 Sept. 158 1 
2 
3 220 

27 Oct. 298 1 5 2 6136 6188 
2 46 6870 6916 
3 5 2 7726 7778 
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OBSERVATIONS OF SUSPENDED SEDIMENT 

TIGRIS RIVER AT TUSAN (cont'd. ) 

Sediment Concentration Sediment Load 
Discharge per million) (million kg. 

Date (cumecs) Vertical Coarse ~ i n e  ~ o t a l  Average p e r  day) - 
1959 - 

16 Nov. 161 1 
2 
3 

20 Dec. 150 1 
2 
3 

1960 - 
21 Jan. 47 1 1 

2 
3 

13 Feb. 394 1 
2 
3 

9 Mar. 1940 1 630 
2 7 03 

6 Apr. 1565 1 551 1134 1685 
2 904 4665 5569 
3 493 

13 Apr. 1498 1 3 09 907 1216 
2 311 1012 1323 
3 867 1157 2024 

27 Apr. 2521 1 1381 1696 3077 
2 1789 4079 5868 
3 6068 6046 12114  
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OBSERVATIONS OF SUSPENDED SEDMENT 

TIGRIS RIVER A'l' TUSAN (cont'd. ) - 

Sediment Concentration Sediment Load 
Discharge (parts per million) (million kg. 

Date jcumecs) Vertical Coarse Fine Total Average p e r  day) - -- 
I960 - 
28 May 794 

3 Aug. 152 

3 Aug. 152 

23 Mar. 1073 

23 Nov. 1314 

10 Dec. 300 

12 Dec. 901 

15 Dec. 1818 
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OBSERVATIONS O F  SUSPENDED SEDIMENT 

TIGRIS RIVER AT TUSAN (cont'd. ) - 

Sediment Concentration Sediment Load 
Discharge (par t s  p e r  mill ion) (million kg. 

Date Jcumecs)  Vert ical  Coarse  F ine  Total  Average per day) - -- 
1961 - 

17 Dec. 1263 1 3 14 2968 3282 
2 325 3109 3434 
3 184 2646 2830 

19 Dec. 669 1 
2 
3 

1962 

5 Jan. 1389 1 108 4669 4777 
2 24 3676 3700 
3 207 4111 4318 

12 Jan. 510 1 
2 
3 

28 Jan. 350 1 
2 
3 
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OBSERVATIONS O F  SUSPENDED SEDIMENT Li, 

TIGRIS RIVER AT MOSUL -- 

Sediment Concentration Sediment Load 
Li 

Discharge (par t s  pe r  mill ion) (million kg. 
Date c e c s  Vert ical  Coarse  F ine  Total  Average pe r  day) - -- 

6 Oct. 139 1 

4 

11 Nov. 191 1 

9 Dec. 287 1 

Note: Pa r t i c l e s  l a rge r  than 0. 05 mm diameter  designated coarse ,  
sma l l e r  designated fine. 
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OBSERVATIONS OF SUSPENDED SEDIMENT 

TIGRIS RIVER AT MOSUL (cont'd. ) - 

Sediment Concentration Sediment Load 
Discharge (parts per million) (million kg. 

Date Jcunecs1 Vertical Coarse Fine Total Average p e r  day) - 
1958 - 

9 Dec. 2 162 
171 
157 

3 156 
146 
139 

4 92 
105 
106 

11 Dec. 1524 1 131 3099 3230 
281 5521 5802 
657 4604 5261 

2 370 3359 3729 
356 3435 3791 
356 3360 3716 

3 375 3418 3793 
373 3340 3713 
382 3368 3750 

4 287 3421 3708 
241 3291 3532 
373 3545 3918 

lq59 

11 Jan. 967 1 246 2845 3091 
182 2985 3167 
176 2987 3163 

2 178 2916 3094 
175 2940 3115 
237 2970 3207 
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OBSERVATIONS OF SUSPENDED SEDIMENT L 

TIGRIS RIVER AT MOSUL (cont'd. ) - U Y I  

Sediment Concentration Sediment Load 
h" 

~ i s c h a r ~ s  (parts per million) (miilion kg. 
Date (curnece) Vertical Coarse Fine Total Average per day) - -- 

11 Jan, 3 223 2885 3108 
159 2874 3033 
153 2838 2991 

17 Feb. 356 1 

19 Mar. 1502 1 2 03 
205 
183 
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OBSERVATIONS OF SUSPENDED SEDIMENT 

TIGRIS RIVER AT MOSUL (cont'd. ) - 

Sediment Concentration Sediment Load 
Discharge (parts per million) (million kg. 

Date c c  Vertical Coarse Fine Total Average p e r  day) - -- 
1959 

17 Apr. 3121 1 661 3435 4096 
556 3919 4475 
448 3409 3857 

20 Sept. 144 
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OBSERVATIONS OF SUSPENDED SEDIMENT 

TIGRIS RIVER AT MOSUL (cont'd. ) - 

Sediment Concentration Sediment Load tu 

Discharge (parts per million) (million kg. 
Date (cumecs) Vertical Coarse Fine Total Average per day) - -- 
lq59 

h 

2 0  Sept. 1 4 4  2 4 6  
5  0  i-. 

37  

11  Oct. 139  1 

27  Oct. 2 4 4  1 163  
160  
150  

2 1 6 0  
185 
172  
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OBSERVATIONS OF SUSPENDED SEDIMENT 

TIGRIS RIVER AT MOSUL (cont'd. ) - 

Sediment Concentration Sediment Load 
Discharge (parts per million) (million kg. 

Date jcurnecs) Vertical Coarse Fine Total Average per day) - -- 
1959 

27 Oct. 3 160 
121 
122 

4 

15Nov. 221 1 

2 

3 

3 Dec. 178 1 

2 

3 

19 Dec. 180 1 

2 



Annex A-2 
L 

Sheet 18 of 189 

OBSERVATIONS OF SUSPENDED SEDIMENT w 

TIGRIS RIVER AT MOSUL (cont'd. ) - (I", 

Sediment Concentration Sediment Load ., 

19  Dec. 3 

1960 

9 Jan. 453  1 

2 

3 

4 

6 Feb. 4 3  0 1 
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OBSERVATIONS OF SUSPENDED SEDIMENT 

TIGRIS RIVER AT MOSUL (coxit'd. ) - 

Sediment Concentration Sediment Load 
Discharge (parts per million) (million kg. 

Date c e c s  Vertical Coarse Fine Total Average p e r  day) - -- 
1960 - 
26 Feb. 910 1 62 

7 8 
106 

6 Mar. 663 1 
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OBSERVATIONS OF SUSPENDED SEDIMENT 

TIGRIS RIVER - AT MOSUL (cont'd. ) 

Sediment Concentration Sediment Load 
Discharge (par t s  p e r  mill ion) (mill ion kg. 

Date e s )  Vert ical  Coarse  F ine  Total  Average z r  day) - 
1960 - 
20 Mar. 3 163 

156 
150 

4 163 
138 
181 

6 Apr. 1545 1 762 
985 

277 81 0 1087 

2 162 855 1017 
952 
97 8 

3 124 979 1103 
257 810 1067 
330 756 1086 

4 881 
998 

251 773 1024 

27 Apr. 2214 1 1167 1215 2382 
194 1183 1377 
2 84 1218 1502 

2 178 11 23 1301 
407 1317 1724 
283 1117 1400 

3 186 1275 1461 
136 1081 1217 
295 1266 1561 
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TIGRIS RIVER AT MOSUL (colit'd. ) - 

Sediment Concentration Sediment Load 
Discharge (parts per million) (milIion kg. 

Date (cumecs~  Vertical Coarse Fine Total Average p e r  day) - -- 
1960 

27 Apr. 4 246 1306 1552 
247 1309 1556 
424 1385 1809 

10 May 1685 1 51 1 
535 
475 

2 529 
505 
5 04 

3 570 
552 
424 

4 456 
6 04 
43 6 

15 June 374 1 215 
139 
131 

9 5 
158 
207 

138 
127 
105 

137 
185 
101 
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OBSERVATIONS OF SUSPENDED SEDIMENT h i  

TIGRIS RIVER AT MOSUL (cont'd. ) - U" 

Sediment Concentration Sediment Load u,m, 
Discharge (parts per million) (million kg. 

Date c e c )  Vertical Coarse Fine Total Average per day) - -- 
1960 - 

11 July 213 1 

15 Aug. 115 1 

2 

18 Sept. 104 2 

3 
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OBSERVATIONS OF SUSPENDED SEDIMENT 

TIGRIS RIVER AT MOSUL (cont'd. ) 

Sediment Concentration Sediment Load 
Discharge (parts per  million) (million kg. 

Date Jcumecs) Vertical Coarse Fine Total Average p e r  day) - -- 
1960 - 
23 Oct. 115 2 150 

4 71 
77 
6 1 

15 Nov. 115 2 88 

3 85 
104 
140 

4 97 
109 
7 5 

1961 

22 Jan. 1020 1 159 3396 3555 
222 5281 5503 
447 5555 6002 

2 599 5587 6186 
517 5333 5850 
448 5169 5617 

3 5 03 5212 5715 
612 5381 5993 
516 5251 5767 

4 368 5626 5994 
339 5088 5427 
342 5183 5525 



OBSERVATIONS O F  SUSPENDED SEDIMENT 

TIGRIS RIVER AT MOSUL (cont'd. ) - 

Annex A-2 
i 

Sheet 2 4  of 189 

Sediment Concentration Sediment Load 
""> 

Discharge (parts  pe r  million) (million kg. 
Date Jcumecs1 Vertical Coarse Fine Total Average Jer  day) - -- 
1961 - 

5 Feb. 226 1 

4 Apr. 908  1 96 
6 0 
90 

25 Apr. 1221 
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OBSERVATIONS O F  SUSPENDED SEDIMENT 

TIGRIS RIVER AT MOSUL (cont'd. ) - 

Sediment Concentration Sediment Load 
Discharge (parts per  million) (million kg. 

Date 1- Vertical Coarse Fine Total Average p e r  day) - -- 
1961 - 
25 Apr. 3 724 

530 
522 

4 689 
664 
584 

9 May 1711 1 53 4277 4330 
65 3141 3206 
77 4557 4634 

2 253 4978 5231 
198 3451 3649 
230 4154 4384 

3 118 4359 4477 
3 86 4635 5021 
266 4450 4716 

4 301 4328 4629 
334 6177 6511 
288 4402 4690 

11 June 453 1 167 
246 
194 

2 181 
179 
162 

3 178 
186 
22 1 

4 181 
184 
169 
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TIGRIS RIVER AT MOSUL (cont'd. ) 

Annex A-2 
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w 

Sediment Concentration Sediment Load 
Discharge (parts per million) (million kg. 

Date (curnecs) Vertical Coarse Fine Total Average 2 e r  day) - -- 
1961 - 

13 July 175 I 

26 Aug. 103 2 

3 
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OBSERVATIONS OF SUSPENDED SEDIMENT 

TIGRIS RIVER AT MOSUL (cont'd. ) - 

Sediment Concentration Sediment Load 
Discharge (parts per million) (million kg. 

Date Jcumecsk Vertical Coarse Fine Total Average T e r  day) - 
1961 

14 Sept. 97 

31 Oct. 107 

26 Nov. 484 1 159 
221 

16 Dec. 1991 1 192 
221 
236 
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OBSERVATIONS OF SUSPENDED SEDIMENT 

TIGRIS RIVER AT MOSUL (cont'd. ) - 

Sediment Concentration Sediment Load 
Discharge (parts  per  million) (million kg. 8, I 

Date (curnecs) Vertical Coarse Fine Total Average per  day) - -- 
1961 - L" 

16 Dec. 2 210 
216 
224 

14 Jan. 464 1 

3 134 
59 

118 

4 I66 
83 

123 

12 Feb. 884 1 462 
485 
45 5 

2 502 
458 
799 
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OBSERVATIONS OF SUSPENDED SEDIMENT 

TIGRIS RIVER AT MOSUL (cont'd. ) - 

Sediment Concentration Sediment Load 
Discharge (parts per million) (million kg. 

Date ~cumecs1  Vertical Coarse Fine Total Average p e r  day) - -- 
1962 

12 Feb. 3 642 
463 
653 

4 522 
534 
5 04  

22 Feb. 2960 1 136 6607 6743 
245 7377 7622 
188 6321 6509 

2 299 6837 7136 
3 03 6793 7096 
173 6296 6469 

3 129 6209 6338 
358 6421 6779 
2 06 6171 6377 

4 154 6214 6368 
245 6549 6794 
190 6277 6467 

18  Mar. 1059 1 322 
218 
47 3 

2 21  1 
244 
302 

3 229 
487 
232 

4 228 
458 
484 
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OBSERVATIONS OF SUSPENDED SEDIMENT 

TIGRIS RIVER - AT MOSUL (corlt'd. ) 

Sediment Concentration Sediment Load 
Discharge (parts per million) (million kg. 

Date {cumecsl Vertical Coarse Fine Total Average T e r  day) - -- 
1962 

7 Apr. 1681 1 50  991 
99 1091 
92  1077 

30  Apr. 2040 1 240 2756 
159 2599 
142 2699 

26 M a y  725  1 
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OBSERVATIONS OF SUSPENDED SEDIMENT 

TIGRIS RIVER - AT MOSUL (cont'd. ) 

#) 
Sediment Concentration Sediment Load 

Discharge (parts per million) (million kg. 
Date ( c u m e c s ~  Vertical Coarse Fine Total Average p e r  day) - 

sit 
1962 - 
26 May 3 

4 

27 June 321 1 

2 

3 

4 

107 
6 0 

Broken 

86 
56 
7 7 

27 
83 

Broken 

40 
92 
84 
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OBSERVATIONS OF SUSPENDED SEDIMENT 

RUWANDUZ R I V E R  A T  RUWANDUZ -- -- 

Sediment Concentration Sediment Load 
W 

Discharge (parts per million) (million kg. 
Date (cumecs1 Vertical Coarse Fine Total Average per day) - 
1958 WI - 
4 Oct. 3 . 4  1 

2 
3 
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OBSJCRVATIONS OF SUSPENDED SEDIMENT 

RUWANDUZ RIVER AT JINDIAN - 

Sediment Concentration Sediment Load 
Discharge (parts per million) (million kg. 

Date jcumecs.~ Vertical Coarse Fine Total Average 2 e r  day) - -- 

Note: River divided into five sections of equal discharge. 

2 Sept. 4.1 1 
2 
3 

18 Sept. 3. 5 1 
2 
3 

Note 1: Measured from right bank water 's edge; 
Vertical 1 i s  114 distance across  river; 
Vertical 2 i s  112 distance across  river; 
Vertical 3 i s  314 distance across river. 

2: Particles larger than 0.05 mm diameter 
designated coarse, smaller designated fine. 
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OBSERVATIONS OF SUSPENDED SEDIMENT 
L 

RUWAND UZ RIVER AT JlNDlAN (cont'd. ) - )ir 

Sediment Concentration Sediment Load 
Discharge (parts per million) (million kg. 

Date j cunecs )  Vertical Coarse Fine Total Average p e r  day) - -- 
1958 - 
21 Oct. 

5 Nov. 

22 Nov. 

25 Dec. 

1959 
1 Jan. 

1 1  Feb. 

25 Feb. 

8 Mar.  7 

22 Mar. 28 
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RUWANDUZ RIVER - AT JINDIAN (cont'd. ) 

Sediment Concentration Sediment Load 
Discharge (parts per msllion) (million kg. 

Date (cumecs) Vertical Coarse Fine Total Average ~ e r  day) - 

15 Apr. 97 1 206 2527 2733 
2 166 2483 2649 
3 148 2640 2788 

2 Aug. 8 1 
2 
3 

21 Nov. 4 1 
2 
3 

14 Jan. 5 1 
2 
3 

22 Feb. 34 1 
2 
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OBSERVATIONS OF SUSPENDED SEDIMENT 

RUWANDUZ RIVER AT JINDIAN (cont'd. ) - 

Sediment Concentration Sediment Load 
W Discharge (parts per million) (million kg. 

Date ( cumecs~  Vertical Coarse Fine Total Average per day) - -- 
1960 - L Y  

8 Mar .  

23 Mar.  

12 Apr. 

24 Apr.  

7 May 

23 May 

22 June 

16 July 

8 Sept. 

5 Oct. 
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OBSERVATIONS OF SUSPENDED SEDIMENT 

RUWANDUZ RIVER AT JINDIAN (cont'd. ) - 

Sediment Concentration Sediment Load 
Discharge (parts per million) (million kg. 

Date 'Jcumecs~ Vertical Coarse Fine Total Average Ter day) - -- 
1960 - 
21 Nov. 

28 Nov. 

1961 

2 Mar. 

15 Mar. 

13 Apr. 

25 Apr. 

29 Apr. 

25 Dec. 

1962 - 
26 Jan. 
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OBSERVATIONS OF SUSPENDED SEDIMENT 

RUWANDUZ RIVER - AT JINDIAN (cont'd. ) 

Sediment Concentration Sediment Load 
Discharge (par t s  p e r  mill ion) (million kg. 

Date Jc-ecsl Vert ical  Coar se  Fine Total  Average per day) - 
1962 

4 Feb. 51 1 397 
2 258 1846 2104 
3 103 2319 2422 

24 Feb. 22 1 
2 
3 

20 Mar .  44 1 
2 
3 

3 Apr. 43 1 
2 

22 May 5 6 1 
2 

17 June 32 1 
2 
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OBSERVATIONS OF SUSPENDED SEDIMENT 

B A W I A N  RIVER - AT BALIKIAN 

Sediment Concentration Sediment Load 
Discharge (parts per million) (million kg. 

Date (curnece) Vertical Coarse Fine Total Average p e r  day) - -- 
1958 - 

8 July 2.6 1 27 3 1 0.0070 
2 29 
3 37 

4Aug.  1.2 1 41 6 8 
2 57 
3 107 

1 Sept. 0. 8 1 42 1 41 4 
2 406 
3 414 

17 Sept. 0. 8 1 140 139 
2 126 
3 150 

5 Oct. 0. 8 1 109 107 
2 110 
3 103 

20 Oct. 1.0 1 83 9 2 
2 87 
3 106 

24 Nov. 1.4 1 17 27 
2 3 6 
3 27 

Note 1: Measured from right bank water's edge; 
Vertical 1 i s  114 distance across r iver;  
Vertical 2 i s  112 distance across  r iver;  
Vertical 3 i s  314 distance across river. 

2: Particles larger than 0. 05 m m  diameter 
designated coarse, smaller designated fine. 
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BALIKIAN RIVER AT BALIKIAN (cont'd. ) - 

I Sediment Concentration Sediment Load 
Discharge (parts per million) (million kg. 

D& c e c )  Vertical Coarse Fine Total Average p e r  day) -- 
1958 - 

10 Dec. 

11 Dec. 

27 Dec. 

1959 

2 Jan. 

20 Jan. 

12 Feb. 

9 Mar.  

23 Mar .  

23 Apr. 



Annex A-2 
Sheet 41 of 189 

OBSERVATIONS OF SUSPENDED SEDIMENT 

BALIKIAN RIVER AT BALIKIAN (cont'd. ) - 

Sediment Concentration Sediment Load 
Discharge (parts per million) (million kg. 

Date jcumece) Vertical Coarse Fine Total Average per day) - -- 
1960 - 

1 Feb. 9 1 6 
2 15 
3 27 

23 Feb. 2 8 1 104 
2 75 
3 7 5 

26Mar. 45 1 109 
2 72 
3 102 

13 Apr. 46 1 316 
2 174 
3 188 

25 Apr. 46 1 488 
2 5 0 
3 434 

8 May 3 9 1 575 
2 493 
3 213 

24 May 29 1 446 
2 519 
3 279 

21 June 11 1 77 
2 63 
3 43 

15 July 4 1 52 
2 40 
3 42 

9 Sept. 1 1 53 
2 47 
3 51 
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OBSERVATIONS OF SUSPENDED SEDIMENT 

BALIKIAN RIVER AT BALIKIAN (cont'd. ) - Llvi 

Sediment Concentration Sediment Load i.. 

Discharge (parts per million) (djllion kg. 
Date ~ c u m e c s ~  Vertical Coarse Fine Total Average pfr day) - -- 
1960 - 

6 Oct. 1 

22 Nov. 5 

27 Nov. 6 

1961 - 
3 Mar .  3 1 

16 Mar .  33 

13 Apr. 36 

25 Apr. 9 8 

30 Apr. 100 1 896 4066 4962 
2 530 4073 4603 
3 429 5632 6061 

1962 - 
6 Jan. 5 1 1 

2 
3 
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OBSERVATIONS OF SUSPENDED SEDIMENT 

BALIKIAN RIVER AT BALIKIAN (cont'd. ) - 

Sediment Concentration Sediment Load 
Discharge (parts per million) (million kg. 

Date (curnecs) Vertical Coarse Fine Total Average Ter day) - -- 
1962 

8 Feb. 7 9 1 
2 
3 

20 Mar. 35 1 
2 
3 

8 Apr . 46 1 
2 
3 

3 May 3 9 1 
2 
3 

28 May 24 1 
2 
3 

18 June 13 1 
2 
3 
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OBSERVATIONS OF SUSPENDED SEDIMENT 

GREATER ZAB RIVER AT IFRAZ - 

Sediment Concentration Sediment Load 
Discharge (parts per million) (million kg. 

Date j c u m e c s ~  Vertical Coarse Fine Total Average per day) - -- 
1958 - 
25 Mar. 735 1 

Note: Sampling depths 112 meter from surface, mid-depth, 
and 112 meter from bottom. 

22 Apr. 683 1 
2 
3 

17 May 676 1 
2 
3 

11 June 379 1 
2 
3 

18 June 325 1 
2 
3 

Note: Measured from left bank water 's  edge; 
Vertical 1 i s  114 distance across r iver;  
Vertical 2 i s  112 distance across  r iver;  
Vertical 3 i s  314 distance across river. 
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OBSERVATIONS OF SUSPENDED SEDIMENT 

GREATER ZAB RIVER AT IFRAZ (cont'd. ) - 

Sediment Concentration Sediment Load 
Discharge (parts per million) (million kg. 

Pate Jcurnecel Vertical Coarse Fine Total Average per day) - -- 
1958 - 
25 June 

8 July 

23 July 

7 Aug. 

3 Sept. 

20 Sept. 

7 Oct. 

19 Oct. 

9 Nov. 

27 Nov. 
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-, 

OBSERVATIONS OF SUSPENDED SEDIMENT 
LA 

GREATER ZAB RIVER - AT IFRAZ (cont'd. ) 

Sediment Concentration Sediment Load bay, 

Discharge (parts per million) (million kg. 
Date Vertical Coarse Fine Total Average p e r  day) - 

L, 

13 Dec. 165 1 
2 
3 

20 Dec. 613 1 
2 

1959 
11 Feb. 514 1 

2 
3 

23 Feb. 105 1 

24 Mar. 544 1 
2 
3 

26 July 135 1 
2 
3 

1 Sept. 126 1 
2 
3 

20 Sept. 107 1 
2 
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OBSERVATIONS O F  SUSPENDED SEDIMENT 

GREATER ZAB RIVER AT IFRAZ (cont'd. ) - 

Sediment Concentration Sediment Load 
Discharge (parts  per  million) (million kg 

Date - (cumecs) Vert ical  Coarse -- Fine Total Average p e r  day) 

1959 
2 Nov. 

20 Dec. 

1960 - 
3 1 Jan. 

21 Feb. 

2 Apr. 

19 Apr. 

26 Apr. 

12 May 

1961 - 
15 Oct. 

9 Nov. 
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Y. 

OBSERVATIONS OF SUSPENDED SEDIMENT 
k. 

GREATER ZAB RIVER - AT IFRAZ (cont'd. ) L >  

Sediment Concentration Sediment Load hd 

Discharge (parts per million) (million kg. 
Date c c  Vertical Coarse Fine Total Average per day) - 

- 1  

17 Dec. 277 1 
2 

28 Jan. 209 1 
2 
3 

18 Feb. 367 1 
2 
3 

8 Apr. 594 1 
2 
3 

23 Apr. 484 1 
2 
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OBSERVATIONS OF SUSPENDED SEDIMENT 

KHAZIR RIVER - AT MANQUBA 

Sediment Concentration Sediment Load 
Discharge (parts per million) (million kg. 

Date Jcumec81 Vertical Coarse Fine Total Average p e r  day) - 
22 Mar. 5 3 1 

2 
3 

30 Mar. 3 5 1 
2 
3 

20 Apr. 25 1 
2 

1961 - 
24 Dec. 314 1 67 4315 4382 

2 27 4242 4269 
3 24 4378 4402 

25 Dec. 70  1 
2 
3 

27 Jan. 35 1 
2 

24  Apr. 2 2 1 
2 

Note: Particles larger than 0. 05 mm diameter designated coarse, 
smaller designated fine. 
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OBSERVATIONS O F  SUSPENDED SEDIMENT 

LESSER ZAB RIVER AT DOKAN - 

Sediment Concentration Sediment Load 
Discharge (pa r t s  p e r  mill ion) (million kg. 

Date jcumecs)  Vert ical  Coarse  F ine  Total  Average p e r  day) - -- 
1958 

b 

- 
19 Mar .  208 1 215 199 3.58 

2 175 
.." 

3 206 

8 Apr. 229 1 
2 
3 

30 Apr. 172 1 154 148 2 .20  
2 135 
3 156 

16 June 83 1 
2 
3 

Note: Measured  f rom left bank wa te r ' s  edge; 
Vert ical  1 i s  114 distance a c r o s s  r ive r ;  
Vert ical  2 i s  112 distance a c r o s s  r ive r ;  
Ver t ica l  3 i s  314 distance a c r o s s  r ive r .  
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OBSERVATIONS O F  SUSPENDED SEDIMENT 

LESSER ZAB RIVER AT COMA ZERDALA - - 

Sediment Concentration Sediment Load 
Discharge (parts per  million) (million kg 

Date jcumecs) Vertical Coarse Fine Total Average p e r  &) - - -  
1958 - 

17 June 96 1 115 120 1.00 
2 109 
3 135 

21 July 46 1 3 5 49 0. 19 
2 5 5 
3 57 

3 1 July 42 1 3 9 40 0. 15 
2 40 
3 40 

13 Aug. 35 1 51 47 0. 14 
2 37 
3 53 

1 Sept. 3 0 1 34 32 0.083 
2 33 
3 2 9 

20 Sept. 2 9 1 57 37 0.093 
2 28 
3 27 

6 Oct. 2 8 1 2 1 23 0.056 
2 21 
3 2 8 

19 Oct. 31 1 55 45 0.12 
2 42 
3 3 9 

3 Nov. 36 1 22 20 0.062 
2 3 0 
3 9 

Note 1: Measured from right bank water 's edge; 
Vertical 1 i s  114 distance across  r iver;  
Vertical 2 is 112 distance across  r iver;  
Vertical 3 is 314 distance across  river. 

2: Part icles larger than 0. 05 rnm diameter designated 
coarse, smaller designated fine. 
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OBSERVATIONS OF SUSPENDED SEDIMENT 

LESSER ZAB RIVER AT GOMA ZERDALA (cont'd. ) 
I 

\ 

Sediment Concentration Sediment Load 
Discharge (parts per million) (million kg. 

Date m e  Vertical Coarse Fine Total Average p e r  day) - -- 
1958 - 

18 Nov. 40 1 
2 
3 

2 Dec. 4 1 1 
2 
3 

20 Dec. 176 1 
2 
3 

1959 
11 Feb. 47 1 

2 
3 

28 Feb. 6 8 1 
2 295 
3 

16 Mar. 7 5 1 
2 
3 

23 Mar. 220 1 825 17,141 
2 1365 21,120 
3 469 16,776 

15 Apr. 67 1 
2 
3 

21 Apr. 5 1 1 
2 
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OBSERVATIONS OF SUSPENDED SEDIMENT 

LESSER ZAB RIVER - AT GOMA ZERDALA (cont'd. ) 

Sediment Concentration Sediment Load 
Discharge (parts per million) (million kg. 

Date ~ c u m e c a ~  Vertical Coarse Fine Total Average p e r  day) - -- 
1961 - 

7 May 

14  May 

15 Oct. 

5 Nov. 

25 Nov. 

16 Dec. 

1962 - 
14 Jan. 

29 Jan. 230 1 

10 Feb. 250 1 269 
2 353 
3 303 
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OBSERVATIONS O F  SUSPENDED SEDIMENT 

LESSER ZAB RIVER AT GOMA ZERDALA (cont'd. ) - - Lu 

Sediment Concentration Sediment Load WY 

Diacharge (parts  per  million) (million kg. 
Date Jcumecs) Vertical Coarse Fine Total Average p e r  day) - -- 

h. 

1962 - 
24 Feb. 233 1 

2 
3 

26 Mar. 106 1 151 
2 6 6 
3 6 3 

22 Apr. 139 1 62 1723 1785 
2 27 1863 1890 
3 112 1515 1627 

19 May 104 1 
2 
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OBSERVATIONS OF SUSPENDED SEDIMENT 

TIGRIS RIVER AT FATHA - 

Sediment Concentration Sediment Load 
Diecharge (parts per million) (million kg. 

Date Jm Vertical Coarse Fine Total Average p e r  day) - -- 
1958 - 
26 Apr. 2330 1 611 932 188 

Note: Sampling depths 112 meter from surface, mid-depth, 
and 112 meter from bottom. 

9June  1390 1 
2 
3 

16 June 1100 1 
2 
3 

5 July 634 1 
2 
3 

20 July 430 1 
2 
3 

5 Aug. 334 1 
2 
3 

Note 1: Measured from right bank water 's edge; 
Vertical 1 i s  114 distance across  river; 
Vertical 2 i s  112 distance across  river; 
Vertical 3 i s  314 distance across river. 

2: Particles larger than 0.05 mm diameter designated 
coarse, smaller designated fine. 

\'iq 



Annex A-2 -, 

Sheet 56 of 189 

OBSERVATIONS OF SUSPENDED SEDIMENT 

TIGRIS RIVER AT FATHA (cont'd. ) r, 

Sediment Concentration Sediment Load "4, 

Diecharge (parts per million) (million kg. 
Date (cumecs) Vertical Coarse Fine Total Average per day) - -- 

L. 

17 Aug. 284 1 364 418 10.3 
2 269 

- 
3 621 

7 Sept. 268 1 87 103 2. 38 b. 

2 76 
3 145 hu 

28 Sept. 260 1 43 5 5 1 .  24 

27 Oct. 264 1 
2 
3 

1 1  Nov. 338 1 
2 
3 

18 Feb. 47 6 1 
2 
3 

8 Mar. 770 1 
2 
3 

1 1  Mar. 601 1 
2 
3 
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OBSERVATIONS OF SUSPENDED SEDIMENT 

Discharge 
Date jcurnecs) - 
1959 

18 Mar. 1849 

19Mar.  2145 

2 Apr. 1563 

6 Apr. 3933 

15 Apr. 2313 

17 Apr. 3591 

19 Apr. 3037 

7 May 1748 

11 May 2216 

17 May 1770 

TIGRIS RIVER AT FATHA (cont'd. ) - 

Sediment Concentration Sediment Load 
(parts per million) (million kg. 

Vertical Coarse Fine Total  Average per day) -- 
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OBSERVATIONS OF SUSPENDED SEDIMENT 

TIGRIS RIVER AT FATHA (cont'd. ) - iu 

Sediment Concentration Sediment Load e. - 
Discharge (parts per million) (million kg. 

Date jcumece) Vertical Coarse Fine Total Average p e r  day) - -- 
1959 b 

2 4  May 

27 Aug. 

6 Sept. 

19 Oct. 

1 Nov. 

16 Dec. 

1960 - 
12 Jan. 

26 Jan. 

13 Feb. 

/ I  

I*, 

k.. 

b u  
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OBSERVATIONS OF SUSPENDED SEDIMENT 

TIGRIS RIVER - AT FATHA (cont'd. ) 

Sediment Concentration Sediment Load 
Discharge (parts per million) (million kg. 

Date jcumecsk Vertical Coarse Fine Total Average p e r  day) - 
1960 - 
22 Feb. 881 1 

2 

27 Feb. 1180 1 3 9 1205 1244 1615 
2 6 5 1293 1358 

2 Apr. 1408 1 
2 

12 Apr. 3070 1 
2 

18 Apr. 2002 1 
2 
3 

27 Apr. 3119 1 
2 
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-" 

OBSERVATIONS OF SUSPENDED SEDIMENT ir‘ 

TIGRIS RIVER AT FATHA (cont'd. ) - h d  

Sediment Concentration Sediment Load 
Discharge (par t s  p e r  mill ion) (million kg. 

Date C C S  Vert ical  Coarse  F ine  Total  Average p e r  day) - -- 
8 May 2925 1 3 43 1428 1771 881 

2 390 
3 481 

11 June 1023 1 159 153 
2 142 
3 157 

4 Sept. 423 1 109 98 
2 6 0 
3 125 

8 Oct. 457 1 179 157 
2 146 
3 146 

23 Oct. 361 1 7 6 55 
2 12 
3 7 7 

7Nov.  416 1 108 93 
2 7 1 
3 100 

5 Dec. 583 1 265 274 
2 273 
3 2 84 

1961 - 
8 Jan.  425 1 

2 
3 
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OBSERVATIONS OF SUSPENDED SEDIMENT 

ADHAIM RIVER AT ADHAIM - 

Sediment Concentration Sediment Load 
Diecharge (parts per million) (million kg. 

Date c e c a  Vertical Coarse Fine Total Average per day) - -- 
1959 

18 Feb. 

3 Mar. 

2 Apr. 

5 May 

1961 - 
3 Apr . 

8 Apr. 

1 May 

10 May 

27 Dec. 
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OBSERVATIONS OF  SUSPENDED SEDIMENT 

ADHAIM RIVER AT ADHAIM (cont'd. ) - 

Sediment Concentration Sediment Load 
Discharge (parts per million) (million kg. 

Date (curnecs) Vertical Coarse Fine Total Average per day) - -- 
1962 - 
22 Jan. 68 1 29,940 

2 238 31,332 31,570 
3 21 1 2,793 3,004 

1 4  Feb. 13 1 
2 
3 

1 4  Mar. 7 1 1,002 
2 2,042 
3 1485 1,528 

6 Apr. 7 1 2 1 1,699 1,720 
2 40 1,779 1,719 
3 46 2,108 2,154 

6 May 5 1 
2 
3 
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OBSERVATIONS OF SUSPENDED SEDIMENT 

TIGRIS RIVER - AT BAGHDAD 

Sediment Concentration Sediment Load 
Discharge (parts per  million) (million kg. 

Date JcumecsI Vertical Coarse Fine Total Average p e r  day) - 
1958 - 
12 Oct. 2 8 1 

19 Oct. 197 

43 

42 
61 
3 8 

60 
44 
51 

6 1 
8 1 
6 0 

7 1 
6 1 
6 0 

6 2 
38 
36 

2 42 
38 
42 

3 47 
49 
3 6 

4 34 
48 
43 

Note 1. River divided into five sections of equal discharge. 

2. Sampling depths 11 2 meter  from surface, mid-depth, 
and 112 mete r  from bottom. 
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- 

OBSERVATIONS OF SUSPENDED SEDJMENT ur 

TIGRIS RIVER AT BAGHDAD (cont'd. ) -- -i 

Sediment Concentration Sediment Load L; 

Diacharge (parts per million) (million kg. 
Date jcumecs) Vertical Coarse Fine Total Average 2 e r  day) - -- 
1958 ct 

19 Oct. 

26 Oct. 218 

2 Nov. 220 
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OBSERVATIONS OF SUSPENDED SEDIMENT 

TIGRIS RIVER AT BAGHDAD (cont'd. ) - 

Sediment Concentration Sediment Load 
Discharge (parts per million) (million kg. 

Date (curnecs) Vertical Coarse Fine Total Average T e r  day) - -- 
1958 - 

2 Nov. 

9 Nov. 255 

16 Nov. 245 
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OBSERVATIONS OF SUSPENDED SEDIMENT bu 

TIGRIS RIVER AT BAGHDAD (cont'd. ) UJ* 

Sediment Concentration Sediment Load &A 

Discharge (parts per million) (million kg. 
Date c e c s  Vertical Coarse Fine Total Average 2 e f  day) - -- 

16 Nov. 4 

23 Nov. 236 1 

30 Nov. 230 1 

2 
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OBSERVATIONS OF SUSPENDED SEDIMENT 

TIGRIS RIVER AT BAGHDAD (cont'd. ) - 

Sediment Concentration Sediment Load 
Discharge (parts per million) (million kg. 

Date Jcumecs) Vertical Coarse Fine Total Average per day) - -- 
1958 - 
30 Nov. 3 

7 Dec. 242 
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OBSERVATIONS OF SUSPENDED SEDIMENT 
L 

- 

TIGRIS RIVER AT BAGHDAD (cont'd. ) - 

Sediment Concentration Sediment Lqiid ( ~ r  

Discharge (parts per million) (million kg. 
Date Jcumecsl Vertical Coarse Fine Total Average 2 e r  day) - 

-2 

1958 - 
13 Dec. 1622 1 163 4888 5051 b 

149 5128 5277 
110 5174 5284 

21 Dec. 616 1 
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OBSERVATIONS OF SUSPENDED SEDIMENT 

TIGRIS RIVER AT BAGHDAD (cont'd. ) - 

Sediment Concentration Sediment Load 
Discharge (parts per million) (million kg. 

Date (cumecs) Vertical Coarse Fine Total Average p e r  day) - -- 
1958 - 
28 Dec. 419 1 203 

193 
156 

2 194 
156 
165 

3 188 
148 
155 

4 175 
150 
170 

5 153 
150 
160 

1959 

4Jan. 356 1 133 
100 
110 

2 101 
118 
117 

3 117 
90 

101 

4 101 
87 
91  

5 97 
80 
85 
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TIGRIS RIVER AT BAGHDAD (cont'd. ) 

Sediment Concentration Sediment Load w 

Discharge (parts per million) (million kg. 
Date Jcunec.) Vertical Coarse Fine Total Average p e r  day) - b e  

1959 - 
1 1  Jan. 305 1 

18 Jan. 500 1 
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OBSERVATIONS OF SUSPENDED SEDIMENT 

TIGRIS RIVER AT BAGHDAD (cont'd. ) - 

Sediment Concentration Sediment Load 
Discharge (parts per million) (million kg. 

Date Jcumec8L Vertical Coarse Fine Total Average p e r  day) - -- 
1959 

25 Jan. 1092 1 

1 Feb. 544 
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OBSERVATIONS OF SUSPENDED SEDIMENT 
'ur 

TIGRIS RIVER AT BAGHDAD (cont'd. ) UY - 

Sediment Concentration Sediment Load \isr 

Discharge (parts per million) (million kg. 
Date (cumecs) Vertical Coarse Fine Total Average ~ e r  day) - w 

1959 
8 Feb. 521 1 

3 125 
141 

87 

4 116 
100 

8 1 

5 72 
79 
94  

15 Feb. 427 1 123 
9 8 
5 9 
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OBSERVATIONS OF SUSPENDED SEDIMENT 

TIGRIS RIVER AT BAGHDAD (cont'd. ) 

i 

Sediment Concentration Sediment Load 
Discharge (parts per million) (million kg. 

Date J c u m e c ~ ~  Vertical Coarse Fine Total Average p e r  day) - 
1959 - 
22 Feb. 389 1 121 

47 

1 Mar. 412 1 

2 

3 

4 

5 
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- 

OBSERVATIONS OF SUSPENDED SEDIMENT uw 

TIGRIS RIVER AT BAGHDAD (cont'd. ) - 

Sediment Concentration Sediment Load <- 
Discharge (parts per million) (million kg. 

Date c c  Vertical Coarse Fine Total Average 2 e r  day) - -- 

3 6 2 
59 
42 

4 45 
5 2 
85 

5 84 
5 8 
54 

15 Mar. 556 1 
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OBSERVATIONS OF SUSPENDED SEDIMENT 

TIGRIS RIVER AT BAGHDAD (cont'd. ) - 

Sediment Concentration Sediment Load 
Discharge (parts per million) (million kg. 

Date (curnecs~ Vertical Coarse Fine Total Average -per day) - -- 
1959 

22 Mar. 1788 1 
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- 

OBSERVATIONS OF SUSPENDED SEDIMENT 
LW 

TIGRIS RIVER AT BAGHDAD (cont'd. ) - 

Sediment Concentration Sediment Load 
Discharge (parts per million) (million kg. 

Date {cumecs), Vertical Coarse Fine Total Average per day) - -- 
1959 

5 Apr. 1301 1 759 
1074 
932 

12 Apr. 1857 1 

2 

3 

4 
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OBSERVATIONS OF SUSPENDED SEDIMENT 

TIGRIS RIVER AT BAGHDAD (cont'd. ) - 

Sediment Concentration Sediment Load 
Discharge (parts per million) (million kg. 

Date (curnecs) Vertical Coarse Fine Total Average per day) - -- 
1959 - 

19 Apr. 2081 1 

26 Apr. 2246 1 
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OBSERVATIONS OF SUSPENDED SEDMENT 

TIGRIS RIVER AT BAGHDAD (cont'd. ) - -  
Sediment Concentration Sediment Load 

Discharge (parts per million) (million kg. 
D,, J~-.c,) vert ical  coa r se  Fine Total A v e r a g  -perday), - 
1959 - 

3 May 1246 1 

10 May 1829 1 



Annex A-2 
Sheet 79 of 189 

OBSERVATIONS OF SUSPENDED SEDIMENT 

TIGRIS RIVER AT BAGHDAD (cont'd. ) - 

Sediment Concentration Sediment Load 
Discharge (parts per million) (million kg. 

Date 1cumecs~  Vertical Coarse Fine Total Average per day) - 
1959 - 
31 May 1800 1 

2 

3 

4 

5 

7 June 1244 1 

2 

3 

4 

5 
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lu r 

OBSERVATIONS OF SUSPENDED SEDIMENT 

TIGRIS RIVER AT BAGHDAD (cont'd. ) 

Sediment Concentration Sediment Load 
Discharge (par t s  p e r  mill ion) (million kg. 

Date c e c )  Vert ical  Coarse  Fine Total  Average p e r  day) - 
1959 

1 4 J u n e  228 1 43 2 
221 
228 

2 240 
233 
193 

3 225 
239 
194 

4 204 
227 
182 

5 166 
193 
181 

2 1 J u n e  790 1 99 
105 

85 
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OBSERVATIONS OF SUSPENDED SEDIMENT 

TIGRIS RIVER AT BAGHDAD (cont'd. ) - 

Sediment Concentration Sediment Load 
Discharge (parts per million) (million kg. 

Date jcumecs) Vertical Coarse Fine Total Average p e r  day) - -- 
1959 - 
28 June 644 1 131 

115 
113 

2 107 
101 
123 

3 166 
110 
82 

4 9 1 
154 
208 

5 100 
106 

9 2 

5 July 508 1 148 
155 
145 

2 166 
154 
171 

3 169 
175 
188 

4 143 
187 
196 

5 139 
155 
131 
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OBSERVATIONS OF SUSPENDED SEDIMENT LY 

TIGRIS RIVER AT BAGHDAD (cont'd. ) - 

Sediment Concentration Sediment Load 
&# 

Discharge (parts per million) (million kg. 
Date (cumecs) Vertical Coarse Fine Total Average p e r  day) - -- 
1959 b 

20 July 532 1 179 
86 ~a 

9 5 

26 July 393 1 
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OBSERVATIONS OF SUSPENDED SEDIMENT 

TIGRIS RIVER AT BAGHDAD (cont'd. ) - 

Sediment Concentration Sediment Load 
Discharge (parts per million) (million kg. 

Date jcumecsl Vertical Coarse Fine Total Average per day) 
3 

- 
2 Aug. 373 1 

2 

3 

4 

5 

9 Aug. 321 1 

2 

3 

4 

5 
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OBSERVATIONS OF SUSPENDED SEDIMENT 

TIGRIS RIVER AT BAGHDAD (cont'd. ) - 

Sediment Concentration Sediment Load !- 

Discharge (parts per million) (million kg. 
Date c e c s )  Vertical Coarse Fine Total Average p e r  day) - -- 
1959 

td 

- 

23 Aug. 299 1 
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OBSERVATIONS OF SUSPENDED SEDIMENT 

TIGRIS RIVER AT BAGHDAD (cont'd. ) - 

Sediment Concentration Sediment Load 
Discharge (parts per million) (million kg. 

Date jcumecs) Vertical Coarse Fine Total Average Ter  day) - -- 
1959 

30 Aug. 283 I 
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OBSERVATIONS OF SUSPENDED SEDIMENT 

TIGRIS RIVER - AT BAGHDAD (cont'd. ) 

Sediment Concentration Sediment Load cw 

Discharge (parts per million) (million kg. 
Date (cumecsl Vertical Coarse Fine Total Average p e r  day) - b* 

1959 

13 Sept. 250 1 

4 Oct. 274 1 
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OBSERVATIONS OF SUSPENDED SEDIMENT 

TIGRIS RIVER AT BAGHDAD (cont'd. ) 

Sediment Concentration Sediment Load 
Discharge (parts per million) (million kg. 

Date ~curnecs) Vertical Coarse Fine Total Average per day) - -- 
1959 - 
25 Oct. 276 1 86 

88 
46 

2 5 5 
39 
44 

3 7 8 
8 1 
74 

4 47 
80 
6 8 

5 74 
93 
7 4  

1Nov. 313 1 96 
87 
85 

2 98 
86 
88 

3 6 2 
110 

7 2 

4 7 0 
6 0 
49 

5 204 
56 
63 



Annex A-2 *. 

Sheet 88 of 189 

OBSERVATIONS OF SUSPENDED SEDIMENT 

TIGRIS RIVER AT BAGHDAD (cont'd. ) - 

Sediment Concentration Sediment Load 
Discharge (parts per million) (million kg. 

Date c c  Vertical Coarse Fine Total Average per day) - -- 

2 9  Nov. 504 1 
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OBSERVATIONS OF SUSPENDED SEDIMENT 

TIGRIS RIVER - AT BAGHDAD (cont'd. ) 

Sediment Concentration Sediment Load 
Diacharge (parts per million) (million kg. 

Date ( c u m e c ~ ~  Vertical Coarse Fine Total Average p r  day) - -- 
l % O  - 
24 Jan. 698 1 

14 Feb. 574 
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OBSERVATIONS O F  SUSPENDED SEDIh4ENT 

TIGRIS RIVER AT BAGHDAD (cont'd. ) - 
Sediment Concentration Sediment Load 

Discharge (par t s  pe r  mill ion) (million kg. 
Date (cumecs) Vert ical  Coarse  F ine  Total  Average p e r  day) - -- 
1960 - 
22 Feb. 550 1 189 

113 
182 

2 155 
133 
113 

3 121 
149 
113 

4 104 
141 
123 

5 108 

109 
124 

27 Feb.  1350 1 7 7 1136 1213 
86 1153 1239 
64 1130 1194 

2 70 983 1053 

894 
49 968 1017 

3 941 

936 
885 

4 891 
3 8 985 1023 

883 

5 998 
7 3 1022 1095 
49 1076 1125 
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OBSERVATIONS OF SUSPENDED SEDIMENT 

TIGRIS RIVER - AT BAGHDAD (cont'd. ) 

Sediment Concentration Sediment Load 
Discharge (par t s  p e r  mill ion) (million kg. 

Date jcumecsL Vert ical  Coarse  F ine  Total  Average 2er day) - 
1960 - 

6 Mar. 965 1 405 
426 
429 

2 369 
380 
407 

3 402 
367 
292 

4 355 
339 
360 

5 253 
396 
263 

13 Mar .  1688 1 7 2 1756 1828 
84 1537 1621 
67 1549 1616 

2 69 1595 1664 
7 5 1227 1302 
97 1302 1399 

3 87 1534 1621 
81 1420 1501 

132 1365 1497 

4 69 1621 1690 
69 1601 1670 
98 1307 1405 

5 118 1412 1530 
99 1922 2021 
82 1473 1555 
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OBSERVATIONS OF SUSPENDED SEDIMENT *ra 

TIGRIS RIVER AT BAGHDAD (cont'd. ) - \ri 

Sediment Concentration Sediment Load L. 

Discharge (parts per million) (million kg. 
Date jcumecsl Vertical Coarse Fine Total Average p e r  day) - -- 
1960 - %> 

26 Mar. 1785 1 

2 
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OBSERVATIONS OF SUSPENDED SEDIMENT 

TIGRIS RIVER - AT BAGHDAD (cant'd. ) 

Sediment Concentration Sediment Load 
Discharge (parts per million) (million kg. 

Date Jcumecs) Vertical Coarse Fine Total Average per day) - 
1960 - 

3 Apr. 1223 1 

2 

3 

4 

5 

10 Apr. 1867 1 
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OBSERVATIONS OF SUSPENDED SEDIMENT 

TIGRIS RIVER AT BAGHDAD (cont'd. ) - i-i 

Sediment Concentration Sediment Load 
u* 

Discharge -. (parts per million) (million kg. 
Date a Vertical Coaree Fine Total Average Jer day1 
7 -- 
18 Apr. 1987 1 220 985 1205 

30 1163 1193 
86 1116 1202 

5 30 
3 2 
26 

23 Apr. 2296 1 49 
2 2 
5 2 

2 70 
61  
7 5 

3 106 
50 
3 3 
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OBSERVATIONS OF SUSPENDED SEDIMENT 

TIGRIS RIVER AT BAGHDAD (c6nt1d. ) - 
Sediment Concentration Sediment Load 

Dircharge (parto per million) (milIion kg. 
Date 1- Vertical koarse Fine Total Averags p e r  day) - -- 
1960 - 

1 May 3339 1 

8 May 2570 1 
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OBSERVATIONS OF SUSPENDED SEDIMENT 

TIGRIS RIVER - AT BAGHDAD (cont'd. ) 

Sediment Concentration Sediment Load 
Discharge (parts per million) (million kg. 

Date j cumecs~  Vertical Coarse Fine Total Average p e r  day) - 
15 May 2406 1 



Date - 
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OBSERVATIONS OF SUSPENDED SEDIMENT 

TIGRIS RIVER - AT BAGHDAD (cont'd. ) 

Sediment Concentration Sediment Load 
Dircharge (parts per million) (million kg. 
(curnecr) Vertical - Coaree Fine Total Average per  day1 

29 May 1425 1 

7 June 1009 
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OBSERVATIONS OF SUSPENDED SEDIMENT w1 

TIGRIS RIVER AT BAGHDAD (cont'd. ) - L i d  

Sediment Concentration Sediment Load 
Discharge (parts per million) (million kg. L, 

Date J c u m e c s ~  Vertical Coarse Fine Total Average p e r  day) - -- 
1960 - &i 

10 June 449 1 



Annex A-2 
Sheet 99 of 189 

OBSERVATIONS OF SUSPENDED SEDIMENT 

TIGRIS RIVER AT BAGHDAD (cont'd. ) - 

Sediment Concentration Sediment Load 
Discharge (parts per million) (million kg. 

Date (curnecs) Vertical Coarse Fine Total Average p r  day) - 
1960 - 

19 June 744 1 

25 June 621 1 
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OBSERVATIONS OF SUSPENDED SEDIMENT "rl" 

TIGRIS RIVER AT BAGHDAD (cont'd. ) - W" 

Sediment Concentration Sediment Load +.dL 

Discharge (parts per million) (million kg. 
Date a )  Vertical Coarse Fine Total Average per day) - -- 
1960 

hr - 
3 July 487 1 119 

116 
U 

113 

2 367 b 

169 
170 t; 

3 

4 

5 

17 July 494 1 

2 

3 

4 

5 
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OBSERVATIONS OF SUSPENDED SEDIMENT 

TIGRIS RIVER - AT BAGHDAD (cont'd. ) 

Sediment Concentration Sediment Load 
Discharge (parts per million) (million kg. 

Date Jcumecs) Vertical Coarse Fine Total Average Per  &day) - -- 
1960 - 
24 July 406 1 

31 July 367 1 
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OBSERVATIO~S OF SUSPENDED SEDIMENT -I 

TIGRIS RIVER AT BAGHDAD (cont'd. ) - LH 

Sediment Concentration Sediment Load 
'.*a 

Diecharge (parts per million) (million kg. 
Date (curnece) Vertical Coarse Fine Total Average p e r  day) - -P I_  

\L 

1960 - 
7 Aug. 324 1 235 

6- 

226 
233 

iu. 

2 238 
207 
217 b I 

1 230 
170 Ci 

220 

4 141 6 

173 
220 

b 

5 136 
143 
165 k. 

14 A U ~ .  292 1 129 
123 tm 

153 

2 93 k 

137 
212 

ii; 

3 150 
181 
134 ki 

4 132 
104 LUU 

175 

5 175 
139 
126 

L," 
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OBSERVATIONS OF SUSPENDED SEDIMENT - 
TIGRIS RIVER AT BAGHDAD (conttd. ) - 

Sediment Concentration Sediment Load 
Discharge (parts per million) (million kg. 

Date Lcumecsl Vertical Coarse Fine Total Average p e r  day) - -- 
1960 - 
21 Aug. 273 1 166 

92 
83 

2 78 
80 
95 

3 85 
96 
96 

4 104 
79 
82 

5 9 0 
78 

123 

28 Aug. 246 1 146 
77 
79 

104 
5 8 
89 

65 
77 
84 

77 
67 
8 1 

5 8 
49 
90 
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OBSERVATIONS OF SUSPENDED SEDIMENT 
h 

TIGRIS RIVER AT BAGHDAD (cont'd. ) - (-8 

Sediment Concentration Sediment Load bL 

Discharge (parts per million) (million kg. 
Date Jcumecs) Vertical Coarse Fine Total Average p e r  day) - -- 

"U 

1960 - 
4 Sept. 283 1 

2 

3 

4 

5 

11  Sept. 292 1 

2 

3 

4 

5 
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OBSERVATIONS OF SUSPENDED SEDIMENT 

TIGRIS RIVER AT BAGHDAD (cont'd. ) - 
Sediment Concentration Sediment Load 

Discharge (parts per million) (million kg. 
Date J c u m e c s ~  Vertical Coarse Fine Total Average Ter day) - -- 
1960 

18 Sept. 303 1 

2 

3 

4 

5 

25 Sept. 273 1 

2 

3 

4 

5 
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U* 

OBSERVATIONS OF SUSPENDED SEDIMENT *rr 

TIGRIS RIVER AT BAGHDAD (cont'd. ) - Ib 

Sediment Concentration Sediment Load LU 

Discharge (parts per million) (million kg. 
Date (cumecs) Vertical Coarse Fine Total Average per day) - -- 
I960 - 

2 Oct. 356 I 

4 

5 

9 Oct. 365 1 
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OBSERVATIONS OF SUSPENDED SEDIMENT 

TIGRIS RIVER - AT BAGHDAD (cont'd. ) 

Sediment Concentration Sediment Load .. 

Dimcharge (parts per million) (million kg. 
Date Jcumecml Vertical Coarse Fine Total Average p r  day) - 
1960 - 
10 Oct. 359 1 

23 Oct. 324 1 
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OBSERVATIONS OF SUSPENDED SEDIMENT 

TIGRIS RIVER AT BAGHDAD (cont'd. ) - 
L 

Sediment Concentration Sediment Load 
Discharge (parts per million) (million kg. 

Date (curnecs) Vertical Coarse Fine Total Average p e r  day) - -- 
1960 - 
30 Oct. 351 1 
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OBSERVATIONS OF SUSPENDED SEDIMENT 

TIGRIS RIVER AT BAGHDAD (contld. ) - 
Sediment Concentration Sediment Load 

Discharge (parts per million) (million kg. 
Date Jcumecs~ Vertical Coarse Fine Total Average p e r  day) - -- 
1960 - 
13 Nov. 378 1 25 1 

198 
200 

2 259 
236 
209 

3 241 
234 
202 

4 168 
246 
243 

5 268 
212 
207 

20 Nov. 2309 1 179 5,129 5,308 
322 53,488 56,810 
235 5,017 5,252 

2 135 10,690 10,825 
273 12,680 12,953 

11.161 

3 281 12,105 12,386 
128 11,153 11,281 
108 8,688 8,796 

4 113 12,571 12,684 
70 7,589 7,659 
99 8,637 8,736 

5 142 15,211 15,353 
18,036 

174 17,420 17,594 
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OBSERVATIONS OF SUSPENDED SEDIMENT 
- 

TIGRIS RIVER AT BAGHDAD (cont'd. ) - * 

Sediment Concentration Sediment Load 
Discharge (parts per million) (million kg. 

Date Jcurnecsl Vertical Coarse Fine Total Average T e r  day) - -- 
1960 

24 Nov. 859 1 

4 

5 

27 Nov. 634 1 

2 

3 

4 

5 
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OBSERVATIONS OF SUSPENDED SEDIMENT 

TIGRIS RIVER AT BAGHDAD (cont'd. ) - 

Sediment Concentration Sediment Load 
Diacharge (parts per million) (million kg. 

Date JcumecsI Vertical Coarse Fine Total Average p r  day) - -- 
1960 - 

4 Dec. 727 1 

1 1  Dec. 460 1 
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OBSERVATIONS OF SUSPENDED SEDIMENT 

TIGRIS RIVER - AT BAGHDAD (cont'd. ) 

Sediment Concentration Sediment Load 
Discharge (parts per million) (million kg. 

Date (curnece) Vertical Coarse & Total Average 2 e r  day) - 
18 Dec. 366 1 

21 Dec. 406 1 
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OBSERVATIONS OF SUSPENDED SEDIMENT 

TIGRIS RIVER - AT BAGHDAD (cont'd. ) 

Sediment Concentration Sediment Load 
Discharge (parts per million) (million kg. 

Date Jcumecs) Vertical Coarse Fine Total Average p r  day) - 
1960 - 
25 Dec. 366 1 66 1008 1074 

53 1227 1280 
66 1172 1238 

1 Jan. 288 1 
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OBSERVATIONS OF SUSPENDED SEDIMENT 

TIGRIS RIVER AT BAGHDAD (cont 'd. ) - 

Sediment Concentration Sediment Load 
Discharge (par t s  p e r  mill ion) (million kg. 

Date (cumece) Vert ical  Coar se  F ine  Total  Average pe r  day) - -- 
1961 - 

8 Jan. 479 1 7 2 2442 2514 
66 2315 2381 
50 2456 2506 

2 68  2147 2215 
79 2442 2521 
52 2592 2644 

3 6 6 1887 1953 
47 1955 2002 
88 1739 1827 

4 89 1330 1419 
3 8 1113 1151 
46 1306 1352 

5 83 2 
789 
86 5 

1 67 1825 1892 
50 1863 1913 
68 1866 1934 

2 74 1962 2036 
74 1871 1945 
79 1717 1796 

3 49 1641 1690 
45 1631 1676 
67 1669 1736 

4 7 0 1523 1593 
37 1580 1617 
30 1570 1600 

5 38 1363 1401 
45 1415 1460 
84 1611 1695 

15 Jan. 4.65 
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OBSERVATIONS OF SUSPENDED SEDIMENT 

TIGRIS RIVER AT BAGHDAD (cont'd. ) - 
Sediment Concentration Sediment Load 

Discharge (parts per million) (million kg. 
Date jcumecsl Vertical Coarse Fine Total Average p e r  day) - -- 
1961 - 
21 Jan. 616 1 

2 

3 

4 

5 

29 Jan. 788 1 

2 
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OBSERVATIONS O F  SUSPENDED SEDIMENT 

TIGRIS RIVER AT BAGHDAD (cont'd. ) 

Sediment Concentration Sediment Load %d 

Discharge (parts per million) (million kg. 
Date s Vertical Coarse Fine Total Average per day) - " 

1961 - 
5 Feb. 540 1 

12 Feb. 886 1 
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OBSERVATIONS OF SUSPENDED SEDIMENT 

TIGRIS RIVER AT BAGHDAD (cont'd. ) - 

Sediment Concentration Sediment Load 
Discharge (parts per million) (million kg. 

Date Jcumecsl Vertical Coarse Fine Total Average p e r  day) - -- 
1961 - 

1 9 F e b .  115 1 85 2972 3057 
68 3044 3112 

113 3026 3139 

2 69 2797 2866 
101 2875 2976 
92 3058 3150 

3 83 3027 3110 
74 3049 3123 
84 2903 2987 

4 74  2836 2910 
95 2983 3078 
78 2894 2972 

5 66 2633 2699 
58 2824 2882 
72 2605 2677 

26 Feb. 687 1 359 
29 1 
256 

2 281 
2 83 

97 

3 46 
7 1 

262 

4 285 
284 
263 

5 250 
261 
311 
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Sheet 1 18 of 189 

-1 

OBSERVATIONS OF SUSPENDED SEDIMENT 

TIGRIS RIVER AT BAGHDAD (cont'd. ) - 

Sediment Concentration Sediment Load 
Discharge (parts per million) (million kg. 

Date (cumecs) Vertical Coarse Fine Total Average per day) - -- 

2 

3 

4 

5 

12 Mar. 601 1 
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OBSERVATIONS OF SUSPENDED SEDIMENT 

TIGRIS RIVER - AT BAGHDAD (cont'd. 1 

Sediment Concentration Sediment Load 
Discharge (par t s  p e r  mill ion) (million kg. 

Date (cumecs l  Vert ical  Coarse  F ine  Total  Average p e r  day) - 
1961 - 
22 Mar .  1120 1 760 

776 
797 

2 693 
795 
750 

3 596 
774 
665 

4 607 
611 
730 

5 642 
727 
620 

26 Mar .  821 1 733 
719 
649 

2 757 
670 
689 

3 700 
753 
732 

4 734 
681 
686 

5 730 
626 
612 
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OBSERVATIONS OF SUSPENDED SEDIMENT 

TIGRIS RIVER AT BAGHDAD (cont'd. ) - 

Sediment Concentration Sediment Load 
Discharge (parts per million) (million kg. 

Date ~ c u m e c s ~  Vertical Coarse Fine Total Average Ter  day) - -- 
1961 - 

2 Apr. 269 1 
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OBSERVATIONS OF SUSPENDED SEDIMENT 

TIGRIS RIVER AT BAGHDAD (cont'd. ) - 

Sediment Concentration Sediment Load 
Discharge (parts per million) (million kg. 

Date jcumecs) Vertical Coarse Fine Total Average p e r  day) - -- 
1961 - 

16 Apr. 1493 1 

18 Apr. 2330 1 
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OBSERVATIONS OF SUSPENDED SEDIMENT 

TIGRIS RIVER - AT BAGHDAD (cont'd. ) 

Sediment Concentration Sediment Load 
Discharge (parts per million) (million kg. 

Date jcumecs) Vertical Coarse Fine Total Average ~ e k  day) 
lqbl 

23 Apr. 1493 1 

30 Apr. 1326 I 
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OBSERVATIONS OF SUSPENDED SEDIMENT 

TIGRIS RIVER AT BAGHDAD (cont'd. ) - 
Sediment Concentration Sediment Load 

Discharge (parts per million) (million kg. 
Date Jcurnecsl Vertical Coarse Fine Total Average Ter day) - 
1961 - 

2 May 2936 1 178 
311 

87 

4 

5 

7 May 1842 1 

2 

3 

4 

5 
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4 

ie 

OBSERVATIONS OF SUSPENDED SEDIMENT 

TIGRIS RIVER AT BAGHDAD (cont'd. ) -- * r r  

Sediment Concentration Sediment Load W 

Discharge (parts per million) (million kg. 
D c Vertical Coarse Fine Total Average p e r  day) - 4- 

21 May 1819 1 
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OBSERVATIONS OF SUSPENDED SEDIMENT 

TIGRIS RIVER AT BAGHDAD (cont 'd. ) - 

Sediment Concentration Sediment Load 
Discharge (parts per million) (million kg. 

Date jcurnecs) Vertical Coarse Fine Total Average p e r  day) - -- 
1961 - 
29 May 1167 1 

4 

5 

4 June 887 1 

2 

3 

4 
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OBSERVATIONS OF SUSPENDED SEDJMENT 

TIGRIS RIVER - AT BAGHDAD (cont'd. ) 

Sediment Concentration Sediment Load 
Discharge (parts per million) (million kg. 

Date c c  Vertical Coarse Fine Total Average p e r  day) - 
1961 - 

11 June 873 1 

18 June 757 1 
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OBSERVATIONS OF SUSPENDED SEDIMENT 

TIGRIS RIVER AT BAGHDAD (cont'd. ) - 

Sediment Concentration Sediment Load 
Discharge (parts per million) (million kg. 

Date (cumecs) Vertical Coarse Fine Total Average Ter  day) - -- 
1961 - 
25 June 590 1 

2 

3 

4 

5 

2 July 508 1 
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TIGRIS RIVER AT BAGHDAD (contld. ) - ,,i. 

Sediment Concentration Sediment Load & 

Discharge (parts per million) (million kg. 
Date jcumecs) Vertical Cbarse Fine Total Average per day) - -- 

1961 
- - 

9 J u l y  416 1 101 
88 Ir 

81 

2 6 1 LC 

2 1 . 

113 tL 

3 86 
88 
6 3 

bL, 

4 92 
9 1 

4. 

8 1 

5 93 e 
7 7 
89 C, 

23 July 497 1 113 
7 7 
88 

k.' 

2 128 
107 

L 

89 
- 

3 104 Y 

120 
9 2 bi 

4 109 
65 

hu 

78 

5 7 3 
106 

- 
103 

iu 

pi;"", 
0 
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OBSERVATIONS OF SUSPENDED SEDIMENT 

TIGRIS RIVER AT BAGHDAD (cont'd. ) - 

Sediment Concentration Sediment Load 
Discharge (parts per million) (million kg. 

Date (cumecs) Vertical Coarse Fine Total Average Ter day) - -- 

2 

3 

4 

5 

6 Aug. 347 1 

2 

3 
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Sheet 130 of 189 . 

OBSERVATIONS OF SUSPENDED SEDIMENT 
i- 

TIGRIS RIVER AT BAGHDAD (cont'd. - 

Sediment Concentration Sediment Load a < 

Discharge (parts per million) (million kg. 
Date jcumecs1 Vertical Coarse Fine Total Average per day) - -- 

*. 

13 Aug. 326 1 

2 

3 

20 Aug. 295 1 
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OBSERVATIONS OF SUSPENDED SEDIMENT 

TIGRIS RIVER AT BAGHDAD (cont'd. ) - 

Sediment Concentration Sediment Load 
Discharge (parts per million) (million kg. 

Date Jcumecs) Vertical Coarse Fine Total Average per day) - -- 
1961 - 
27 Aug. 287 1 103 

125 
112 

4 

5 

3 Sept. 267 1 

2 

3 
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OBSERVATIONS OF SUSPENDED SEDIMENT 

TIGRIS RIVER AT BAGHDAD (cont'd. ) - 

Sediment Concentration Sediment Load kit  

Discharge (parts per  million) (million kg. 
Date jcumecs1 Vertical Coarse Fine Total Average p e r  day) - -- 

\yr 

1961 - 
10 Sept. 315 1 

17 Sept. 333 
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I @  
OBSERVATIONS OF SUSPENDED SEDIMENT 

TIGRIS RIVER AT BAGHDAD (cont'd. ) - 

i% Sediment Concentration Sediment Load 
Discharge (parts per million) (million kg. 

Date J c u m e c s ~  Vertical Coarse Fine Total Average per day) 
d 

- -- 
1961 

I% 
24 Sept. 348 1 173 

106 
107 

B I  2 158 
104 

r 134 

3 86 

id 7 5 
107 

1ln 

1 Oct. 329 1 

rd 
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OBSERVATIONS OF SUSPENDED SEDIMENT 

TIGRIS RIVER AT BAGHDAD (cont'd. ) - 

Sediment Concentration Sediment Load 
Discharge (parts per million) (million kg. 

Date jcu&ecsl Vertical Coarse Fine Total Average p e r  day) - -- 

8 Oct. 339 1 108 
115 
151 

15 Oct. 3 05 1 107 
101 
122 
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OBSERVATIONS O F  SUSPENDED SEDIMENT 

TIGRIS RIVER - AT BAGHDAD (cont'd. ) 

Sediment Concentration Sediment Load 
Discharge (parts per  million) (million kg. 

Date (cumecs) Vertical Coarse Fine Total Average Ter day) - 
1961 - 
22 Oct. 311 1 196 

216 
126 

2 162 
180 
166 

3 105 
119 
126 

4 136 
128 
186 

5 132 
158 
126 

29 Oct. 319 1 123 
7 6 
73 

2 77 
96 
93 

3 52 
6 8 
5 5 

4 74 
86 
94 

5 5 6 
97 
73 
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OBSERVATIONS OF SUSPENDED SEDIMENT 
W" 

TIGRIS RIVER AT BAGHDAD (cont'd. ) - *, 

Sediment Concentration Sediment Load (blr 

5 Nov. 46 0 1 

4 235 
261 
237 

5 262 
221 

12 Nov. 476 1 113 1199 1312 
54  1168 1222 
47 1135 1182 

2 494 
5 2 1287 1339 

983 

3 372 
391 
667 

4 872 
562 
402 

5 92 1022 1114 
5 84 
874 
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OBSERVATIONS OF SUSPENDED SEDIMENT 

TIGRIS RIVER AT BAGHDAD (cont'd. ) - 
Sediment Concentration Sediment Load 

Discharge (parts per million) (million kg. 
Date (curnecs) Vertical Coarse Fine Total Average p e r  day) - -- 

26 Nov. 1298 
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Sheet 138 of 189 

OBSERVATIONS OF SUSPENDED SEDIMENT Wu 

TIGRIS RIVER AT BAGHDAD (cont'd. ) - 
Sediment Concentration Sediment Load 

Discharge (parts per million) (million kg 
Date - (cumecs) Vertical Coarse -- Fine Total Average per day) 

1961 - 
4 Dec. 435 1 

10 Dec. 1193 1 281 
180 
2 04 
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OBSERVATIONS OF SUSPENDED SEDIMENT 

TIGRIS RIVER - AT BAGHDAD (cont'd. ) 

4 

5 

24 Dec. 980 1 

2 

3 

Sediment Concentration Sediment h a d  
Discharge (parts per million) (million kg 

Date - (cumecs) Vertical Coarse --  Fine Total Average per day) 

1961 - 
17 Dec. 1712 1 142 2847 2989 

126 2934 3060 
53 2844 2987 

2 57 1985 2042 
3 6 1717 1753 
36 1352 1388 

3 3 3 2588 2621 
82 2640 2722 
49 2910 2959 

32 2103 2135 
2 6 1700 1726 
39 2303 2342 

36 2538 2574 
27 1960 1987 
24 2205 2229 

43 996 1039 
52 957 1009 
43 1033 1076 

54 1002 1056 
3 5 1052 1087 
5 1 1024 1075 

65 952 1017 
966 
994 

4 100 928 1028 
998 
87 1 

5 926 
889 
894 
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OBSERVATIONS OF SUSPENDED SEDIMENT 

TIGRIS RIVER AT BAGHDAD (cont'd. ) - 3 . d  

Sediment Concentration Sediment Load iL. 
Discharge (parts per million) (million kg 

Date jcumecs) Vertical Coarse Fine Total Average per  day) - --  

31 Dec. 1122 1 

2 

3 

1962 - 
8 Jan. 900 1 
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OBSERVATIONS OF SUSPENDED SEDIMENT 

TIGRIS RIVER AT BAGHDAD (cont'd. ) - 

Sediment Concentration Sediment Load 
Discharge (parts per million) (million k g  

Date Jcumecs) Vertical Coarse Fine Total Average per day) - --  
1962 - 
14 Jan. 1562 1 122 1651 1773 

5 7 1649 1706 
56 1827 1883 

2 90 1637 1727 
42 1690 1732 
87 1781 1868 

3 84 1532 1616 
66 1744 1810 
40 1660 1700 

4 83 1617 1700 
27 1653 1680 
6 6 1536 1602 

5 9 8 1563 1661 
21 1751 1772 
7 6 1509 1585 

23 Jan. 829 1 313 
287 
267 

2 260 
293 
290 

3 264 
216 
262 

4 269 
239 
190 

5 254 
289 
236 
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Sheet 142 of 189 

OBSERVATIONS OF SUSPENDED SEDJMENT 

TIGRIS RIVER AT BAGHDAD (cont'd. ) 

Sediment Concentration Sediment Load 
Discharge (parts per million) (million kg 

Date Jcumecs) Vertical Coarse Fine Total Average per day) - - -  
1962 - 
28 Jan. 778 1 

4 Feb. 771 1 
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OBSERVATIONS OF SUSPENDED SEDIMENT 

TIGRIS RIVER AT BAGHDAD (cont 'd. ) - 

Sediment Concentration Sediment Load 
Discharge (parts per million) (million kg 

Date Jcumecs) Vertical Coarse Fine Total Average per day) - --  
1962 - 
10 Feb. 1681 1 18 1020 1038 

15 1030 1045 
981 

2 816 
778 
972 

3 873 
919 

2 8 994 1022 

4 3 0 1013 1043 
28 1006 1034 

983 

5 753 
19 981 1000 
19 994 1013 

18  Feb. 1139 1 43 1 
365 
467 

2 390 
3 84 
3 54 

3 392 
334 
358 

4 311 
364 
340 

5 419 
3 84 
454 
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Sheet 144 of 189 

OBSERVATIONS O F  SUSPENDED SEDIMENT 

TIGRIS RIVER AT BAGHDAD (cont'd. ) - 

Sediment Concentration Sediment Load 
Discharge (pa r t s  p e r  mill ion) (million kg 

Date - (curnecs) Ver t ica l  Coarse  F ine  Total  Average p e r  day) --  
1962 - 
25 Feb. 2573 1 40 1958 1998 

97 2182 2279 
44 1914 1958 

2 62 2121 2183 
2 0 2169 2189 

113 2055 2168 

3 83 1164 1247 
42 1456 1498 
9 8 1941 2039 

4 40 1489 1529 
35 1840 1875 
62 1949 2011 

5 62 1445 1507 
3 7 1406 1443 
46 1518 1564 

4 Mar.  1353 1 460 
412 
3 87 

2 43 0 
374 
400 
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OBSERVATIONS OF SUSPENDED SEDIMENT 

TIGRIS RIVER - AT BAGHDAD (cont'd. ) 

Sediment Concentration Sediment Load 
Discharge (parts per million) (million k g  

Date Jcumecs) Vertical Coarse Fine Total Average per day) - --  
1962 

11 Mar. 1367 1 406 
339 
358 

14 Mar. 2564 1 

2 

3 

4 

5 
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OBSERVATIONS O F  SUSPENDED SEDIMENT 

TIGRIS RIVER AT BAGHDAD (cont'd. ) - 
Sediment Concentration Sediment Load 

Discharge (par ts  per  million) (million kg 
Date Jcumecs) Vert ical  Coarse Fine Total Average p e r  day) - --  
1962 - 
18 Mar. 1632 1 6 1683 1689 

24 1578 1602 
46 1671 1717 

4 9 1445 1454 
9 1563 1572 
2 1514 1516 

5 1573 
11 1510 1521 
6 1510 1516 

25 Mar.  1913 1 599 
574 

64 

2 578 
496 
618 

3 574 
523 
579 

4 609 
5 94 
545 

5 597 
573 
577 
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OBSERVATIONS OF SUSPENDED SEDIMENT 

TIGRIS RIVER AT BAGHDAD (cont'd. ) 

Sediment Concentration Sediment Load 
Discharge (parts per million) (million kg 

Date jcumecs) Vertical Coarse Fine Total Average per day) - 
1962 - 

1 Apr. 1745 1 

8 Apr. 2061 1 

2 

3 

4 

5 
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OBSERVATIONS O F  SUSPENDED SEDIMENT 
b. 

TIGRIS RIVER AT BAGHDAD (cont'd. ) - 

Sediment Concentration Sediment Load 
Discharge (parts  per  million) (million kg 

Date - (cumecs) Vertical Coarse Fine Total Average per  day) 

1962 

15 Apr. 2046 1 392 
357 
372 

2 259 
292 
359 

3 256 
288 
331 

4 339 
286 
315 

5 267 
3 03 
319 

22 Apr. 1767 1 199 
170 
204 

2 156 
246 
168 

3 173 
176 
132 

4 167 
114 
144 

5 133 
138 
152 
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OBSERVATIONS OF SUSPENDED SEDIMENT 

TIGRIS RIVER - AT BAGHDAD (cont'd. ) 

Sediment Concentration Sediment Load 
Discharge (parts per million) (million k g  

Date - (curnecs) Vertical Coarse Fine Total Average per day) 

1962 - 
29 Apr. 1575 1 

6 May 1674 1 
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OBSERVATIONS O F  SUSPENDED SEDIMENT .A 

TIGRIS RIVER AT BAGHDAD (cont'd. ) - 

Sediment Concentration Sediment Load 
Discharge 

*d 

(pa r t s  p e r  mill ion) (mill ion kg 
Date - (curnecs) Ver t ica l  Coarse  F ine  Total  Average p e r  day) -- 
1962 %., - 
13 May 1655 1 184 

204 ... 
170 

2 219 b- 

186 
216 

!a. 

3 248 
177 
199 

b 

4 I99 
26 1 h. 

220 

5 216 ir, 

190 
239 b 

20 May 1658 1 226 
221 
232 

Y,  

2 217 
200 b.# 

223 

3 215 li 

246 
232 

u. 

4 296 
201 

b, 

334 

5 213 
2 05 

YI 

236 - 



h e x  A-2 
Sheet 151 of 189 

OBSERVATIONS OF SUSPENDED SEDLMENT 

TIGRIS RIVER - AT BAGHDAD (cont'd. ) 

Sediment Concentration Sediment Load 

Discharge (parts per million) (million kg 
Date - (cumecs) Vertical Coarse Fine Total Average per day) 

1962 - 
27 May 1541 1 

3 June 1261 1 
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OBSERVATIONS OF SUSPENDED SEDIMENT 

TIGRIS RIVER AT BAGHDAD (cont'd. ) - u 

Sediment Concentration Sediment Load 
Discharge (parts per million) (million kg 

Date - (curnecs) Vertical Coarse -- Fine Total Average per day) 
1962 - 
10 June 1129 1 

4 

5 

17 June 855 1 
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OBSERVATIONS OF SUSPENDED SEDIMENT 

TIGRIS RIVER - AT BAGHDAD (cont'd. ) 

Sediment Concentration Sediment Load 
Discharge (parts per million) (million k g  

Date - (cumecs) Vertical Coarse Fine Total Average per day) --  
1962 - 
24 June 723 1 

4 

5 

1 July 616 1 

2 

3 

4 

5 
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OBSERVATIONS OF SUSPENDED SEDIMENT 
b 

TIGRIS RIVER AT BAGHDAD (cont'd. ) - 

Sediment Concentration Sediment Load 
Discharge (parts per million) (million kg. 

Date - (curnecs) Vertical Coarse Fine Total Average per day) --  
1962 

8 July 510 1 

16 July 44 1 1 
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OBSERVATIONS OF SUSPENDED SEDIMENT 

TIGRIS RIVER AT BAGHDAD (cont'd. ) - 

Sediment Concentration Sediment Load 
Discharge (parts per million) (million k g  

Date - (curnecs) Vertical Coarse --  Fine Total Average per day) 

1962 

22 July 528 1 
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"4. 

OBSERVATIONS OF  SUSPENDED SEDIMENT 

DIYALA RIVER AT DERBEND-I-KHAN k. - 

Sediment Concentration Sediment Load id 

Discharge (par t s  p e r  million) (million kg 
Date - (cumecs) Ver t ica l  Coarse  - -  Fine  Total  Average p e r  day) 

1958 - 
17 Mar.  296 1 7 46 851 1597 1574 40. 3 k. 

2 618 689 1307 
3 1055 762 1817 

i. 

23 Mar.  3 07 1 599 677 1276 1572 41. 7 
2 690 783 1473 
3 1129 837 1966 u 

2 Apr. 235 1 635 742 15. 1 
2 658 by 

3 932 

16 Apr. 158 1 
2 
3 

14 May 81 1 
2 
3 

21 May 6 8 1 
2 

- 
3 

Note 1: Measured  f rom right bank wa te r ' s  edge; 
Vert ical  1 i s  114 distance a c r o s s  r ive r ;  
Vert ical  2 i s  112 distance a c r o s s  r ive r ;  
Vert ical  3 is 314 distance a c r o s s  r iver .  

2: Pa r t i c l e s  l a r g e r  than 0. 05 m m  diameter  
designated coarse ,  sma l l e r  designated fine. 
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OBSERVATIONS OF SUSPENDED SEDIMENT 

EUPHRATES RIVER AT HIT -- 

Sediment Concentration Sediment Load 
Discharge (parts per million) (million kg 

Date - (cumecs) Vertical Coarse --  Fine Total Average pe r  day) 

24 Oct. 294 1 

Note 1: Euphrates River data a r e  furnished through the courtesy of 
the Irrigation Directorate. 

2: River divided into five sections of equal discharge. 

3. Sampling depths 112 meter from surface, mid-depth, 
and 1/2  meter  from bottom. 

4. Particles larger than 0. 05 m m  diameter designated coarse, 
smaller designated fine. 
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OBSERVATIONS OF SUSPENDED SEDIMENT 

EUPHRATES RIVER AT HIT (cont'd. ) -- 

Sediment Concentration Sediment Load 
Discharge (parts per million) (million kg 

Date - (cumecs) Vertical Coarse Fine Total Average per day) 

1958 - 
21 Nov. 354 

1959 
16 Jan. 533 
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OBSERVATIONS OF SUSPENDED SEDIMENT 

EUPHRATES RIVER -- AT HIT (cont'd. ) 

Sediment Concentration Sediment Load 
Discharge (parts per million) (million k g  

Date Jcumecs) Vertical Coarse Fine Total Average per day) - 
1959 - 
28 Jan. 66 1 1 

23 Apr. 2774 1 

2 
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OBSERVATIONS OF SUSPENDED SEDIMENT 
ih. 

EUPHRATES RIVER AT HIT (cont'd. ) -- YW. 

Sediment Concentration Sediment Load 
Discharge (parts per million) (million kg 

Date - (cumecs) Vertical Coarse --  Fine Total Average per day) 
1959 
29 May 1747 1 7 7 2444 2521 

44 2733 2777 
30 2872 2902 

26 June 694 1 
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OBSERVATIONS OF SUSPENDED SEDIMENT 

EUPHRATES RIVER AT HIT (cont'd. ) 

Sediment Concentration Sediment Load 
Discharge (parts per million) (million k g  

Date - (curnecs) Vertical Coarse -- Fine Total Average per day) 

1959 
24 July 278 1 87 

109 
9 0 

2 102 
7 8 
99 

3 7 2 
120 
87 

4 137 
83 
80 

5 110 
109 
86 

25 Aug. 198 1 7 0 
69 
57 

2 87 
139 
93 

3 73 
38 
84 

4 99 
106 
114 

5 106 
110 
107 
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ir 

OBSERVATIONS OF SUSPENDED SEDIMENT 
hi 

EUPHRATES RIVER AT HIT (cont'd. ) -- k 

Sediment Concentration Sediment Load \L 

Discharge (parts per million) (million kg 
Date lcumecs)  Vertical Coarse Fine Total Average per  day) - --  

b- 

1959 - 
25 Sept. 215 1 7 3 

iu 

198 
74 

2 70 $k 

74  
57 UI 

3 5 9 
6 0 b 

7 1 

23 Oct. 3 05 
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OBSERVATIONS OF SUSPENDED SEDIMENT 

EUPHRATES RIVER AT HIT (cont'd. ) -- 

Sediment Concentration Sediment Load 
Discharge (parts per million) (million kg 

Date - (curnecs) Vertical Coarse Fine Total Average per day) --  
1959 
26 Nov. 47 6 1 

1960 

19 Feb. 581 1 



Annex A-2  % 

Sheet 164 of 189 

b.2  

OBSERVATIONS OF SUSPENDED SEDIMENT 
'-i 

EUPHRATES RIVER AT HIT (cont'd. ) -- 

Sediment Concentration Sediment Load 
Discharge (parts per million) (million kg 

Date - (cumecs) Vertical Coarse Fine Total Average per  day) --  
1960 - 
29 Feb. 1186 1 562 

985 
177 1180 1357 

2 184 1146 1330 
6 6 965 1031 

849 

3 918 
505 
381 

4 51 1 
734 
981 

5 755 
101 1066 1167 

796 

15 Mar.  1661 1 164 3028 
56 2439 
7 7 1976 

2 113 2046 
5 1 2274 
81 2581 

3 24 2009 
68 2670 
6 0 2639 

4 7 3 2220 
5 2 1749 
67 2766 

5 6 2 2826 
1 2963 

1606 
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OBSERVATIONS OF SUSPENDED SEDIMENT 

EUPHRATES RIVER AT HIT (cont'd. ) 
-7 

Sediment Concentration Sediment Load 
Discharge (parts per million) (million kg 
(cumecs) Vertical Coarse Fine Total Average per day) --  

1960 - 
1 Apr. 1530 1 145 2304 2449 

114 2534 2648 
74  2505 2579 

2 121 2327 2448 
201 2696 2897 
164 2453 2617 

3 3 6 2162 2198 
70  2107 2177 

180 2784 2964 

4 109 2388 2497 
148 2600 2748 

7 2 2093 2165 

5 40 2424 2464 
112 2293 2405 

84 2247 2331 

8 Apr. 2805 1 7 5 5329 5404 
56 5176 5232 
56 5106 5162 

2 3 2 4605 4637 
75 4221 4296 
38 4602 4640 

3 63 4716 4779 
3 5 4453 4488 

106 5157 5263 

98 4700 4798 
61 5278 5339 
82 5124 5206 

153 5613 5766 
5 1 5054 5105 
81  4458 4539 
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OBSERVATIONS O F  SUSPENDED SEDIMENT 

EUPHRATES RIVER AT HIT (cont'd. ) -- 

Sediment Concentration Sediment Load 
Discharge (par ts  pe r  million) (million kg 

Date - (cumecs) Vert ical  Coarse Fine Total Average p e r  day) --  
1960 - 
26 Apr. 3198 1 6 0 2336 2396 

5 8 2426 2484 
143 2816 2959 

2 23 2419 2442 
48 2221 2269 
95 2511 2606 

3 104 2224 2328 
53 2107 2160 
6 9 2257 2326 

4 45 1910 1955 
64 2271 2335 
6 6 2028 2094 

5 124 2546 2670 
7 5 2564 2639 
42 2049 2091 

4 May 3946 1 68 2042 2110 
8 1 2719 2800 
5 6 2641 2697 

2 45 2106 2151 
66 2315 2381 

112 2839 2951 

3 121 2238 2359 
5 8 2317 2375 

106 2524 2630 

4 2 8 2115 2143 
3 2 2185 2217 
49 2027 2076 

5 43 2052 2095 
43 1931 1974 
28 1981 2009 
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OBSERVATIONS O F  SUSPENDED SEDIMENT 

EUPHRATES RIVER AT HIT (cont'd. ) -- 

Sediment Concentration Sediment Load 
Discharge (parts per million) (million kg 

Date - (cumecs) Vertical Coarse --  Fine Total Average p e r  day) 
1960 - 
24 June 758 1 

5 

22 July 343 1 
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OBSERVATIONS OF SUSPENDED SEDIMENT 

EUPHRATES RIVER AT HIT (cont'd. ) --- 
Sediment Concentration Sediment Load 

Discharge (parts per million) (million kg. 
Date - (c-ecs) Vertical Coarse Total A v e r a ~  per day) 

1960 - 
23 Aug. 354  1 

23 Sept. 242 
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OBSERVATIONS OF SUSPENDED SEDIMENT 

EUPHRATES RIVER AT HIT (cont'd. ) -- 

Sediment Concentration Sediment Load 
Discharge (parts per million) (million kg 

Date Jcumece) Vertical Coarse Fine Total Average per  day) - --  
1960 - 
21 Oct. 351 1 

25 Nov. 361 
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OBSERVATIONS OF SUSPENDED SEDIMENT 

EUPHRATES RIVER AT HIT (cont'd. ) -- 

Sediment Concentration Sediment Load e, 

Discharge (parts per million) (million kg 
Date - (cumecs) Vertical Coarse -- Fine Total Average per day) 

W" 

1960 - 
23 Dec. 373 1 137 

140 
b", 

126 

1961 - 
20 Jan. 414 1 
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OBSERVATIONS OF SUSPENDED SEDIMENT 

EUPHRATES RIVER AT HIT (cont'd. ) -- 

Sediment Concentration Sediment Load 
Discharge (+arts per million) (million kg 

Date - (cumecs) Vertical Coarse Fine Total Average p'er day) 

1961 

24 Feb. 760 1 

24  Mar. 556 1 
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OBSERVATIONS OF SUSPENDED SEDIMENT 

EUPHRATES RIVER AT HIT (cont'd. ) 
-7 

Sedimeht Concentration Sediment Load 
Discharge (parts per million) (million k g  

Date - (cumecs) Vertical Coarse Fine Total Average per day) --  
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OBSERVATIONS OF SUSPENDED SEDlMENT 

EUPHUTES RIVER AT HIT (cont'd. ) -- 

Sediment Concentration Sediment Load 
Discharge (parts per million) (million k g  

Date - (cumecs) Vertical Coarse --  Fine Total Average per  day) 

1961 - 
23 June 422 1 903 

863 
853 

2 898 
880 
812 

3 921 
619 
872 

4 851 
900 
868 

5 869 
881 
886 

21 July 162 1 88 
91 
8 1 

2 122 
151 
127 

3 97 
87 

109 

4 116 
77 

162 

5 105 
125 
127 
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OBSERVATIONS OF SUSPENDED SEDIMENT 

EUPHRATES RIVER -- AT HIT (cont'd. ) 

Sediment Concentration Sediment Load 
Discharge (parts per million) (million kg 

Date - (cumecs) Vertical Coarse Fine Total Average per day) 

1961 - 
27 July 137 1 

11 Aug. 112 
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OBSERVATIONS OF SUSPENDED SEDIMENT 

EUPHRATES RIVER AT HIT (cont'd. ) -- 

Sediment Concentration Sediment Load 
Discharge (parts per million) (million kg 

Date (cumecs) Vertical Coarse Fine Total Average per day) - --  
1961 - 
25 Aug. 91 1 

15 Sept. 96 
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OBSERVATIONS OF SUSPENDED SEDIMENT 

EUPHRATES RIVER -- AT HIT (cont'd. ) 

Sediment Concentration Sediment Load 
Discharge (parts per million) (million kg 

Date - (cumecs) Vertical Coarse Fine Total Average per day) 

1961 - 
26 Sept. 135 1 

19 Oct. 237 1 
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OBSERVATIONS OF SUSPENDED SEDIMENT 

EUPHRATES RIVER AT HIT (cont'd. ) -- 

Sediment Concentration Sediment Load 
Discharge (parts per million) (million k g  

Date - (cumecs) Vertical Coarse Fine Total Average per day) --  
1961 - 
27 Nov. 334  1 

21 Dec. 1612 1 63 
40 
76 
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OBSERVATIONS OF SUSPENDED SEDIMENT 
'rii 

EUPHRATES RIVER AT HIT (cont'd. ) -- w 

Sediment Concentration Sediment Load e, 
Discharge (parts per million) (million kg 

Date Jcumecs) Vertical Coarse Fine Total Average per day) - 
'Li. 

22 Jan. 668 1 

2 

3 

19 Feb. 862 
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OBSERVATIONS OF SUSPENDED SEDIMENT 

EUPHRATES RIVER AT HIT (cont'd. ) -- 

Sediment Concentration Sediment Load 
Discharge (pa r t s  pe r  mill ion) (million kg 

Date  - (cumecs) Ver t ica l  Coarse  F ine  Total  Average p e r  day) --  
1962 - 
1 6 M a r .  1489 1 856 

1052 
944 

2 4 1050 1054 
894 

1070 

3 889 
7 1070 1077 

13 1422 1435 

4 4 1130 1134 
163 965 1128 

963 

5 935 
10 1102 1112 
15 1073 1088 

12 Apr. 2100 1 433 1142 1575 
45 1 910 1361 
229 1151 1380 

2 396 946 1342 
296 1401 1697 
253 1283 1536 

3 496 723 1219 
344 1040 1384 
3 64 1028 1392 

4 340 801 1141 
263 892 1155 
49 1 892 1383 

5 757 1466 2223 
496 1506 2002 
361 1321 1682 
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OBSERVATIONS OF SUSPENDED SEDIMENT 

EUPHRATES RIVER AT -- HIT (cont'd. ) 

Sediment Concentration Sediment Load 
Discharge (parts per million) (million kg 

Date - (cumecs) Vertical Coarse Fine Total Average per  day) 

1962 

28 May 1253 1 904 
944 
942 

2 939 
921 

99 946 1045 

3 3 8 985 1023 
953 
955 

4 17 983 1000 
928 
974 

5 5 9 1002 1061 
908 
979 

21 June 583 1 591 
624 
604 

2 634 
606 
667 

3 626 
572 
599 

4 614 
612 
592 

5 638 
609 
603 
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OBSERVATIONS OF SUSPENDED SEDIMENT 

EUPHRATES RIVER AT SHINAFIYAH - 
Sediment Concentration Sediment Load 

Diecharge (parts per million) (million kg 
Date - (cumecs) Vertical Coarse -- Fine Total Average pe r  day) 

1958 - 
14 Oct. 1 321 

351 
778 326 1104 

Note 1: Euphrates River data a r e  furnished through the courtesy of 
the Irrigation Directorate. 

2: Sampling depths 112 meter from surface, mid-depth, and 
112 meter frombottom. 

3: Particles larger than 0. 05 mm diameter des'ignated coarse, 
smaller designated fine. 
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OBSERVATIONS O F  SUSPENDED SEDMENT 

EUPHRATES RIVER - AT SHINAFIYAH (cont'd. ) 

Sediment Concentration Sediment Load & ,  

Discharge (par ts  per  million) (million kg 
Date Jcumecs) Vert ical  Coarse Fine Total Average p e r  day) - --  
1958 - 
31 Dec. 186 1 852 

262 749 1011 
477 668 1145 

1959 - 
13 Jan. 99 1 

1960 

17 Jan. 711 1 259 3756 4015 
184 3849 4033 
138 2934 3072 
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OBSERVATIONS OF SUSPENDED SEDIMENT 

EUPHRATES RIVER - AT SHINAFIYAH (cont'd. ) 

Sediment Concentration Sediment Load 
Discharge (parts per million) (million k g  

Date Jcumecs) Vertical Coarse Fine Total Average per  day) - -- 

2 1  Feb. 346 1 

2 

15 Mar. 635 1 158 1282 1440 

m./7 227 162 1282 1444 
1325 1552 

J * 
<--_- - - 2 168 1371 1539 

513 1388 1901 
1521 1426 2947 

15 Mav 1301 1 638 
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OBSERVATIONS OF SUSPENDED SEDIMENT 

EUPHRATES RIVER AT SHINAFIYAH (cont'd. ) - 

Sediment Concentration Sediment Load L 

Discharge (parts  per  million) (million kg 
Date - (cumecs) Vertical Coarse Fine Total Average per  day) -- 
1960 

b 

- 
13 July 89 1 279 

299 
i, 

par d /& 2 82 
J u S  " 2 252 Lr* 

352 
358 k. 

3 239 
273 

Cu 
251 

16 Aug. 39 1 

31 Aug. 168 1 

2 

3 
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OBSERVATIONS O F  SUSPENDED SEDIMENT 

EUPHRATES RIVER - AT SHINAFIYAH (cont'd. ) 

Sediment Concentration Sediment Load 
Discharge (parts per million) (million kg 

Date Jc-ecs) Vertical Coarse Fine Total Average per  day) - 
1960 - 
30 Sept. 11 1 1 440 

17 Jan. 233 1 647 410 1057 
~ 6 %  3 08 

k.-j s Z  255 
& J.- 

2 353 

12 Feb. 153 1 

% b 2  +* kc- 

p f i b  
I 4 

2 
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OBSERVATIONS OF SUSPENDED SEDIMENT 

EUPHRATES RIVER AT SHINAFIYAH (cont'd. ) - 
Sediment Concentration Sediment Load 

Discharge (parts per million) (million kg 
Date Jcumecs) Vertical Coarse Fine Total Average per day) - --  
1961 - 
28 Feb. 3 85 1 877 

943 
237 833 1070 

2 885 
241 842 1083 
801 1042 1843 

30 Mar. 202 1 

- 
5 June 244 1 
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OBSERVATIONS OF SUSPENDED SEDIMENT 

EUPHRATES RIVER AT SHINAFIYAH (cont'd. ) - 
Sediment Concentration Sediment Load 

Discharge (parts per million) (million kg 
Date - (cumecs) Vertical Coarse Fine Total Average per day) --  
1961 - 

1 Oct. 61 1 

3 

22 Oct. 79 1 

26 Nov. 136 1 
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OBSERVATIONS OF SUSPENDED SEDIMENT L 

EUPHRATES RIVER AT SHINAFIYAH (cont'd. ) - 
Sediment Concentration Sediment Load 

Discharge (parts per million) (million kg 
Date (cumecs) Vertical Coarse Fine Total Average per day) - --  
1962 - 
24 Jan. 269 1 

24 Feb. 467 1 

2 

3 

25 Apr. 933 1 2 8 
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OBSERVATIONS OF SUSPENDED SEDIMENT 

EUPHRATES RIVER AT SHINAFIYAH (cont'd. ) - 

Sediment Concentration Sediment Load 
Discharge (parts per million) (million k g  

Date - (cumecs) Vertical Coarse -- Fine Total Average per day) 
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ANNEX A-3 

DESCRIPTION O F  SNOW COURSES 

DESHTI TAWANISH (Amadia Group, Mosul Liwa) 

Latitude: 37°08'25" N. Longitude: 45O29'42" E. Elevation: 1685 m. 
Major drainage: Greater  Zab River 
Aspect: North 
Exposure: Large, open, bowl-shaped a r e a  of cultivated land a t  foot of 

steep north slopes of P e r a s i  Mt. ridge. 
Maps: 1:20,000 901530 

114 inch Iran-Iraq J - 38N 
Exhibit A-9 

Detailed location -- and route. Surveys s t a r t  f rom Hessi  village (reached 
f rom Suluf on ma in  Amadia road, via Galli Mazurka and Se r  Amadia; m a y  
be impassable  in  winter,  and Galli could be dangerous). F r o m  Hessi  
c l imb on bearing approx. 130' mag. ,  t o  Suwerta Naodeshti (65 min. ). 
Cross  Naodeshti t o  Suwerta Tawanish, 20 min. on 120° mag. and 15 min. 
on 75O mag. Descend to  snow course  on bearing 75O mag. (20 min. ). 
Total t ime Hess i  t o  Deshti Tawanish S. C. ,  2 hrs . ,  but may  take up  t o  
4 h r s .  under bad winter conditions. Route is completely safe and straight- 
forward, but must  be s t r ic t ly  adhered to. Many lives have been lost  in  
blizzards on Naodeshti. 

Remarks  

Snow Surveyor (1959): Zaia Yelda Salary: I. D. 9. 000 
Assistant (1959): Adam Joseph Salary: I. D. 6. 000 
Method of travel:  Foot/snowshoe f rom Hess i  village involving 12 lun. of 

foot/snowshoe t rave l  per  measurement .  
History: Sited September 1957 by M. Mansell-Moullin. Installed 

October 1957 and marked by four s tee l  pipe marke r s .  Surveys 
s tar ted 1958. 

Land owned by Hajji Hassan, Tawanish village. Zaia l ives in  Mergaji  
village and Adam i n  Hess i  village, 20 min. away. Salar ies  shown a r e  
the totals for  each survey of the th ree  courses ,  Deshti Tawanish, Zavi 
Sur, and Kani Bahri. 
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ZAVI SUR (Amadia Group, Mosul Liwa) 
p- 

Latitude: 37°08'35" N. Longitude: 43°26'01" E.  Elevation: 1420 m 
Major drainage: Tigris  River Minor drainage: Khabur River 
Aspect: Northeast 
Exposure: Sheltered site among fair ly  thick 20'-25' sc rub  oak t r ees .  
Maps: 1:20, 000 901520 

114 inch Iran-Iraq 3 - 38N 
Exhibit A- 10 

Detailed location and route. Surveys s t a r t  f rom Hessi  village (reached 
from Suluf on main  Amadia road, via Galli Mazurka and Ser  Amadia; may  
be impassable  in  winter, and Galli could be dangerous). F r o m  Hessi  
proceed along t r ack  to  Kani Rash (spring),  30 min. on bearing 185O. Then 
turn west and climb towards low col, which leads over to Galli Karaba. 
Course i s  reached af ter  10 min. Hess i  t o  Zavj Sur S. C. approx. 40 min. 

Remarks  

Snow Surveyor ( 1959): Zaia Yelda Salary: I. D. 9. 000 
Assistant (1959): Adam Joseph Salary: I. D. 6.  000 
Method of t ravel :  Footlsnowshoe f rom Hessi  village involving 4 km. of 

footlsnowshoe t r ave l  per  measurement .  
History: Sited September 1957 by M. Mansell-Moullin. Installed 

October 1957 and marked by four s teel  pipe m a r k e r s .  Surveys 
s tar ted 1958. 

Land owned by Rais  Isha, Hessi  village. Zaia l ives in  Mergaji  village 
and Adam in  Hess i  village, 20 min.  away. Salar ies  shown a r e  the totals 
for  each survey of the th ree  courses ,  Deshti Tawanish, Zavi Sur, and 
Kani Bahri .  

KANI BAHRI (Amadia Group, Mosul Liwa) 

Latitude: 37°10'18" N. Longitude: 43'26'34'' E. Elevation: 1190 m .  
Major drainage: Tigr i s  River Minor drainage: Khabur River 

Shive Kujain 
Aspect: North 
Exposure: Small  piece of cultivated land, in  undulating scrub  oak covered 

a r e a .  
Maps: 1:20,000 90/520 

1/4' inch Iran-Iraq J - 38 N 
Exhibit A-11 
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Detailed location and route. Surveys s t a r t  f rom Hess i  village (reached -- 
from Suluf on ma in  Amadia road, via Galli Mazurka and Ser  Amadia; may  
be impassable in winter, and Galli could be dangerous). F r o m  Hessi  
proceed to  Mergaji  village and then turn  northeast along ma in  t r ack  t o  Kani 
Mase. Snow course l ies  close to  t rack  on west side, 10 min. f rom 
Mergaji .  Hessi  t o  Kani Bahri  S. C. , 30 min.  

Remarks  

Snow Surveyor (1959): Zaia Yelda Salary: I. D. 9. 000 
Assistant (1959): Adam Joseph Salary: I. D. 6. 000 
Method of travel:  Foot/snowshoe f rom Hessi  village involving 3-4 lan. of 

foot/snowshoe t rave l  p e r  measurement.  
History: Sited September 1957 by M. Mansell  Moullin. Installed October 

1957 and marked by four s teel  pipe m a r k e r s .  Surveys s ta r ted  
1958. 

Land owned by Yohanna Odishu, Mergaji  village. Zaia l ives in  Mergaj i  
village and Adam in  Hess i  village, 20 min. away. Salar ies  shown a r e  the 
totals for  each survey of the three  courses ,  Deshti Tawanish, Zavi Sur, 
and Kani Bahri. 

OMAR KHAYAT (Hajji Umran Group, Erb i l  Liwa) 

Latitude: 36O37'09" N. Longitude: 45°00'59" E. Elevation: 2640 m. 
Major drainage: Greater  Zab River Minor drainage: Ruwanduz River 
Aspect: North 
Exposure: Moderately sheltered summer  camping ground nea r  head of 

valley. 
Maps: 1:20,000 841660 

114 inch Iran-Iraq J - 38/U 
Exhibit A- 12 

Detailed location and route. Surveys s t a r t  f rom Hajji Umran village, -- 
approx. 5 krn. f rom Per s i an  border  on ma in  road f rom Ruwanduz. Road 
m a y  be impassable  a s  f a r  down a s  Darband, approx. 4 h r s .  on foot f rom 
Hajji Umran. 

Proceed  to  I. P. C. huts, on northern slopes south of Hajji Umran, average 
t ime 1 h r .  Way t o  Ornar Khayat l ies  up ridge t o  S. S. W. ,  general  bearing 
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210°; t ime 2-3 h r s .  on skis.  F o r  details of route see  route map. Route 
i s  perfectly safe under all conditions but should not be varied. Under 
bad conditions route finding can be very  difficult and must  be entirely on 
compass bearings. Care  must  be taken to  avoid cornices.  

Way down i s  via Kalkash S. C. F r o m  Ornar Khayat proceed 10 min. on 
bearing 290' t o  smal l  col. Five min. north i s  a cave which could be used 
for shelter (check for  bears ) .  F r o m  col proceed to  Kalkash S. C. along 
lower slopes of Kudu Mt. on bearing approx. l o 0  mag. Avoid swinging 
to  eas t  into dangerous gullies, cornices.  Omar  Khayat S. C. to  Kalkash 
S. C. takes approx. 1 112 h r s .  depending on conditions. Route finding 
can be very  difficult, re ly  on compass bearings.  General bearing Kalkash 
S. C. to  I. P. C. huts 30° mag . ,  but follow route shown on route map. 

Remarks  

Snow Surveyor (1959): L. F. M o r r i s  (H. S. I. ) 
Assistant (1959): Ali Nabi o r  Abdulla Nabi (bro thers )  Salary: I. D. 6. 000 
Method of t ravel :  Landrover a s  f a r  a s  road i s  openlski (snowshoes much 

slower and m o r e  t i r ing)  involving between 100 and 140 
km. Landrover t r ave l  f rom Diana to  Hajji Umran and 
re tu rn  (Diana to  Darband 50 km. , t o  Rayat 60 km, t o  
Hajji Umran 70 km. ) and 0-40 krn. ski t ravel ;  and 5-8 
h r s .  ski t r ave l  f rom Hajji Umran to  Omar Khayat S. C. 
depending on conditions. 

History: Course sited and installed December 1956 by Moullin and a s s i s t -  
ants. Course marked  by four s tee l  pipe m a r k e r s .  Surveys 
s tar ted 1957. Snow surveyor 1957, M. Mansell-Moullin (H.S.I.); 
1958, D. A. Clark (H. S. I. ). Assistant snow surveyor 1957 and 
1958 Ali Nabi (Hajji Umran). 

Est imate of value fo r  forecasting: Will probably prove of grea tes t  value 
fo r  summer  flow forecasts .  

Assistant snow surveyor f rom Hajji Umran village. Salary shown above 
i s  that fo r  each survey of the four courses  of the Hajji Umran group. 
Rest  house i n  Hajji Umran (closed during winter).  Use of I. P. C. huts i s  
essential;  permission has  kindly been granted each year  by the I. P. C. ,  
Kirkuk, on personal  application. Appreciable knowledge of winter t r ave l  
in  mountains i s  essent ial  i f  survey schedule i s  t o  be maintained under a l l  
conditions. Use of skis  i s  desirable.  Assis tants  ski. 
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KALKASH (Hajji Umran Group, Erbi l  Liwa) 

Latitude: 36O37'49" N. Longitude: 45°00'46" E. Elevation: 2510 m. 
Major drainage: Grea ter  Zab River  Minor drainage: Ruwanduz River 
Aspect: North 
Exposure: High, shel tered summer  camping ground only open to  north 

and northeast. 
Maps: 1:20,000 84/660 

1 / 4  inch Iran-Iraq J - 38/U 
Exhibit A- 13 

Detailed location -- and route. Surveys s t a r t  f rom Hajji Umran village, 
approx. 5 lan. f rom P e r s i a n  border  on main  road from Ruwanduz. Road 
m a y  be impassable  a s  f a r  down as Darband, approx. 4 h r s .  on foot f rom 
Hajji Umran. 

Proceed  to  I. P. C. huts on northern slopes south of Hajji Umran, average 
t ime one h r .  Course is normally sampled a s  surveyor re turns  f rom 
Ornar Khayat S. C. F o r  full details of route s e e  description of Ornar 
Khayat, S. C. 

Remarks  

Snow Surveyor (1959): L. F. M o r r i s  (H. S. I. ) 
Assistant (1959): Ali Nabi or  Abdulla Nabi (brothers)  Salary: I. D. 6. 000 
Method of travel:  Landrover a s  f a r  as road is openlski (snowshoes much 

slower and m o r e  t ir ing) involving between 100 and 140 
km. of Landrover t rave l  f rom Diana (Diana t o  Darband 
50 inn., t o  Rayat 60 km., t o  Hajji Umran 70 inn. ) and 
0-40 lun. ski travel;  and 5-8 h r s .  ski t r ave l  f rom 
Hajji Umran, via Omar Khayat S. C. 

History: Course sited October 1956 by Work, Moullin, Brown and assist- 
ants. Course installed December 1956 and marked by four s tee l  
m a r k e r  pipes. Surveys s tar ted 1957. Snow surveyor 1957, 
M. Mansell-Moullin (H. S. I. ); 1958, D. A. Clarke (H. S. I. ). 
Assistant snow surveyor 1957 and 1958, Ali Nabi (Hajji Umran). 

Estimate of value for  forecasting: Will probably prove of greatest  value 
for  summer  forecasts .  

Assistant snow surveyor f rom Hajji Umran village. Salary shown above 
i s  that for  each survey of the four courses  of the Hajji Umran Group. 
Res t  house i n  Hajji Umran (closed during winter). Use of I. P. C. huts 
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i s  essential;  permission has  kindly been granted each year  by the I.P. C., 
Kirkuk, on personal application. Appreciable knowledge of winter t rave l  
in mountains i s  essent ial  i f  survey schedule i s  t o  be maintained under a l l  
conditions. Use of ski is  i s  desirable:  Assistants ski. 

KANDASHIN (Hajji Umran Group, Erb i l  Liwa) 

Latitude: 36O39'06" N. Longitude: 45°01'56'' E. Elevation: 1980 m .  
Major drainage: Greater  Zab River Minor drainage: Runwanduz River 
Aspect: Northeast 
Exposure: Course l ies  beside s t r eam in  sheltered, north-facing gully. 
Maps: 1:20,000 841660 

1 / 4  inch Iran-Iraq J - 38/U 
Exhibit A-1 4 

Detailed location -- and route. Surveys s t a r t  f rom Hajji Umran village, 
approx. 5 km. f rom P e r s i a n  border  on ma in  road from Ruwanduz. Road 
may  be  impassable a s  f a r  down a s  Darband, approx. 4 h r s .  on foot f rom 
Hajji Umran. 

Proceed  to  I. P. C. huts, on northern slopes south of Hajji Umran, average 
t ime 1 h r .  Course l ies  about 150 m. to  east .  

Remarks  

Snow Surveyor(1959): L. F. Morr i s  (H.S . I . )  
Assistant (1959): Ali Nabi o r  Abdulla Nabi (bro thers )  Salary: I. D. 6.000 
Method of t ravel :  Landrover a s  f a r  a s  road i s  openlski involving between 

100 and 140 km, of landrover t rave l  f rom Diana (Diana 
to  Darband 50 k m . ,  t o  Rayat 60 km., t o  Hajji Umran 
70 krn.) and 0-40 km. ski t ravel ;  and 1 112-2 h r s .  ski 
t rave l  f rom Hajji Umran to  course  and return.  

History: Course sited October 1956 by Work, Moullin, Brown and as s i s t -  
ants. Course installed December 1956 and marked by four s teel  
pipe m a r k e r s .  Survey s ta r ted  1957. Snow surveyor 1957, 
M. Mansell-Moullin (H. S. I. ); 1958, D. A. Clark (H. S. I. ). 
Assistant snow surveyor 1957 and 1958, Ali Nabi (Hajji Umran). 

Assistant snow surveyor f rom Hajji Umran village. Salary shown above i s  
that for  each survey of the four courses  of the Hajji Umran group. Rest  Y 
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house in  Hajji Umran (closed during winter).  Permiss ion  to  use  the  
I. P. C. huts has  kindly been granted each year  by the I. P. C. ,  Kirkuk, on 
personal application. Use of skis  i s  desirable:  Assistants ski. 

CHIKAN (Hajji Umran Group, Erbi l  Liwa) 

Latitude: 39°40'07" N. Longitude: 44°58'36" E .  Elevation: 1600 m.  
Major drainage: Greater  Zab River Minor drainage: Ruwanduz River 
Aspect: Northeast 
Exposure: Undulating, cultivated plateau backed on east ,  south, and west 

by a continuous ring of high precipitous mountains. 
Maps: 1:20, 000 84/660 

114 inch Iran-Iraq J - 38/U 
Exhibit A- 15 

Detailed location -- and route. Surveys s t a r t  f rom Rayat police post, 60 km. 
f rom Diana on ma in  road to  Hajji Umran and Iran. Road m a y  be impass-  
able beyond Darband, 2 h r s .  on foot f rom Rayat. 

Route t o  course runs obliquely to  S. W. up slopes behind police post until 
the l ip  of the plateau i s  reached, when the snow course  is clear ly visible 
to  the south. Time, police post t o  Chikan S. C. 20-30 min. Return by 
same  route. 

Remarks  

Snow Surveyor (1959): L. F. M o r r i s  (H. S. I. ) 
Assistant (1959): Ali Nabi o r  Abdulla Nabi, b ro thers  Salary: I. D. 6.000 
Method of travel:  Landrover as f a r  as road is open/ski: snowshoe involv- 

ing between 100 and 120 h. of landrover t r ave l  f rom 
Diana (Diana t o  Darband 50 km. ; t o  Rayat 60 km. ) and 
0-20 km. ski t ravel ,  depending on conditions; and 1 hr. 
t r ave l  up to  snow course  and return.  

History: Course sited October 1956 by Work, Moullin, Brown and as s i s t -  
ants. Course installed December 1956 and marked by four s tee l  
pipe marke r s .  Surveys s tar ted 1957. The 24 sampling points 
were  reduced to 12 (1957) and the ear ly  surveys have been ad- 
justed for  this change. Snow Surveyor 1957, M. Mansell- 
Moullin (H. S. I. ); 1958, D. A. Clarke (H. S. I. ). Assistant 
snow surveyor 1957 and 1958, Ali Nabi (Hajji Umran). 
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Assistant snow surveyor f rom Hajji Umran village. Salary shown above 
i s  that for  each survey of the four courses  of the Hajji Umran group. Rest  
house in  Hajji Umran (closed during winter). 

DOUR KHINIQ (Handran Mt. Croup, Erbi l  Liwa) 

Latitude: 36'34'16'' N. Longitude: 44O36'56" E. Elevation: 2300 m. 
Major drainage: Grea ter  Zab River Minor drainage: Ruwanduz River  
Aspect: North 
Exposure: At head of north-draining gully high up on wes tern  flank of 

Handran Mountain. 
Maps: 1:20,000 831630 

114 inch Iran-Iraq J - 38/U 
Exhibit A-16 

Detailed location and route. Diana to Jindian village by road (9 km. ). -- 
Well defined mule  t rack  leads S. S. E. up the mountain, paral le l  to and on 
the eas t  side of Galli Sarnbawakal. About 2 314 h r s .  f rom Jindian turn 
into Galli and follow i t  up until reaching mule t r a c k  which leads up i t s  
west  s ide t o  Sambawakal S. C. Route i s  not difficult but can be very  a r -  
duous in  deep snow. Jindian to  Sambawakal S. C. approx. 3 h r s .  Moun- 
tain refuge hut i s  just above course.  An alternative route down, which 
leads directly to  Gora Ripne S. C. ,  can be used, but i t  i s  slightly longer. 

The route f rom Sambawakal S. C. to Dour Khiniq S. C . ,  which has  th ree  
route m a r k e r s ,  i s  detailed below. 

Remarks  

Snow Surveyor (1959): L. F. M o r r i s  (H. S. I. ) 
Assistant (1959): Ramazan Salary: I. D. 3. 000 
Method of t ravel :  Carlfoot:  snowshoe involving 18 krn. of c a r  t r ave l  and 

approx. 9 h r s .  of foot/snowshoe t r ave l  per  measure -  
ment ,  f rom Diana. 

History: Course sited October 1956 by Work, Moullin, Brown and as s i s t -  
ants.  Course installed September 1957 and marked by three  
s teel  pipe m a r k e r s .  Survey s ta r ted  1958. Snow surveyor 1958, 
D. A. Clark (H. S. I. ). 

Assistant snow surveyor from Jindian village. Salary shown above i s  that 
for  each survey of the th ree  courses  on Handran Mt. H. S. I. accomodation 
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in Diana, and mountain refuge hut at Sambawakal S. C. Hut i s  fully 
equipped for overnight stops (2 people) except for food. Broken into, 
damaged, and equipment stolen in 1958 and 1959. The course cannot be 
surveyed from Diana in one day except possibly at  the end of the snow 
season. 

Route from H. S. I. Handran Mountain Hut (Sambawakal) to Dour --- - -- 
Khiniq Snow Course. - 
Total time Time interval 

(min. ) (min. ) 

Leave hut. 

Southeast to center of Galli 
Sambawakal, at  treeline. 

Follow straight up gully to  lone t ree  on 
the east side (bearing 1500 mag. approx. ) 

Gully swings to east and first  "route 
marker pipe. " 

Firs t  to  second "route marker  pipes. " 
Direct route, involving a short steep 
climb near second pipe (bearing 105O 
mag. ) 

Second to third "route marker  pipes. " 
Direct route over rising, undulating 
ground (bearing 130° mag. ) Pipe 3 is 
set on final col near large, prominent 
rock. 

95 5 Sharp descent to  snow course (bearing 
60° mag. ) 

Notes: 1. Times a r e  approximately correct proportionally. Total 
time i s  usually 1 1/2-2 hrs. , depending on conditions. 
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Notes: (continued) 

2. Marke r s  a r e  2" pipes 20 ft. long with triangular plates 
bolted to  the i r  tops. They a r e  se t  in  concrete. 

3. This route should not be varied. Under bad winter 
conditions i t  would be both easy  and ser ious  to  get lost  
in  this a rea .  

SAMBAWAKAL (Handran Mt. Group, Erb i l  Liwa) 

Latitude: 36°35123" N. Longitude: 44O35'33" E. Elevation: 1810 m. 
Major drainage: Grea ter  Zab River Minor drainage: Ruwanduz River  
Aspect: North 
Exposure: Sloping ground backed to  south by cliffs. Good cover scrub  

oak and wild pears  (4-6 m .  ) 
Maps: 1:20, 000 831620 

114 inch Iran-Iraq J - 38U 
Exhibit A-17 

Detailed location and route. Diana to  Jindian village by road (9 krn. ) -- 
Well defined mule t r ack  leads S. S. E. up the mountain, paral le l  t o  and on 
the eas t  side of Galli Sambawakal. About 2 314 h r s .  f rom Jindian turn  
into Galli and follow i t  up until reaching mule  t r ack  which leads up i t s  west 
side to  Sambawakal S. C. Route i s  not difficult but can be ve ry  arduous 
in  deep snow. Jindian to  Sarnbawakal S. C. approx. 3 h r s .  Mountain r e -  
fuge hut i s  just above course.  An alternative route down, which leads 
directly to  Gora Ripne S. C. ,  can be used, but i t  i s  slightly longer. 

Remarks  : 

Snow Surveyor (1959): L. F. M o r r i s  (H. S. I. ) 
Assistant (1959): Ramazan Salary: I. D. 3. 000 
Method of travel:  Carlfoot: snowshoe; involves 18 km. of c a r  t r ave l  and 

approx. 6 h r s .  of foot/snowshoe t r ave l  per  measure -  
ment,  f rom Diana. 

History: Course sited October 1956 by Work, Moullin, Brown and 
assis tants .  Course installed December 1956 and marked by 
four s tee l  pipe m a r k e r s ;  layout different f rom that of October 
1956. Surveys s ta r ted  1958. Snow surveyor 1958, D. A. 
Clarke (H. S. I. ) 
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Assistant surveyor f rom Jindian village. Salary shown above is that for  
each survey of the three  courses  on Handran Mt. H. S. I. accomodation 
in  Diana and mountain refuge hut just above course.  Hut is fully equipped 
for  overnight stops (2 people) except for  food. Broken into, damaged, 
and equipment stolen in 1958 and 1959. 

GORA RIPNE (Handran Mt. Group, Erb i l  Liwa) 

Latitude: 36°3614311 N. Longitude: 44°33t1011 E. Elevation: 820 m. 
Major drainage: Greater  Zab River Minor drainage: Ruwanduz River 
Aspect: North 
Exposure: Large, open, moderately shel tered hollow on lower slopes of 

Handran Mountain. 
Maps: 1:20,000 841620 

114 inch Iran-Iraq J - 38U 
Exhibit A-18 

Detailed location and route. Diana via Jindian t o  culvert  just before -- 
reaching Ruwanduz a r m y  post (1 2 lun. ). Road always open. Follow up 
much used t r a c k  t o  southeast until arr iving a t  Gora Ripne plateau (20 min. ), 
when snow course  is visible to  south. Course l ies  on lower slopes of 
Handran Mt. 

Remarks: 

Snow Surveyor (1959): L. F. Mor r i s  (H. S. I. ) 
Assistant (1959): Ramazan Salary: I. D. 3. 000 
Method of t ravel :  Carffoot  involving 2413 krn. of travel per  measurement  

f rom Diana. 
History: Course sited October 1956 by Work, Moullin, Brown and assist- 

ants. Course installed December 1956 and marked by five s tee l  
pipe m a r k e r s .  Surveys s tar ted 1957. Snow surveyor 1957, 
M. Mansell-Moullin (H. S. I. ); 1958, D. A. Clarke (H. S. I. ). 

Assistant snow surveyor f rom Jindian village. Salary shown above is that 
for  each survey of the th ree  courses  on Handran Mt. H. S. I. accomodation 
in  Diana. 
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NEWAKHWIN (Merga Sor Group, Erbi l  Liwa) 

Latitude: 36°49'30" N. Longitude: 44O17'36" E.  Elevation: 1525 m .  
Major drainage: Grea ter  Zab River Minor drainage: Balikian River 
Aspect: Northeast 
Exposure: High, gently sloping a r e a  thickly covered with scrub  oak and 

backed on south and west by line of high cliffs. 
Maps: 1:20,000 861600 

114 inch Iran-Iraq J - 38U 
Exhibit A-19 

Detailed location -- and route. Diana to  Merga Sor village (48 km. ) Poor  
t r a c k  in  winter and m a y  be impassable beyond Mazna (24 km. ) due to  snow 
o r  mud. Final  6 inn. t o  Merga Sor commonly impassable for par t  of 
winter. 

F r o m  police post proceed straight up hi l l  slopes to  S. W. and af te r  approx. 
30 m i n . ,  south to  Newakhwin plateau; route i s  well  known locally. Total 
t ime Merga  Sor Police Pos t  t o  Newakhwin S. C. approx. 1 h r .  

Remarks  

Snow Surveyor (1957):L.F. M o r r i s  (H. S. I. ) 
Assistant (1957): Ahrnad Quadir Salary: I. D. 3. 000 
Method of travel:  Landrover/foot normally involving approx. 5 h r s .  

landrover12 h r s .  snowshoe t r ave l  per  measurement  
f rom Diana. 

History: Site selected October 1956 by Work, Moullin and assis tants .  
Course installed December 1956 and marked by four s tee l  pipe 
m a r k e r s .  Surveys s ta r ted  1957. Snow surveyor 1957, Hassan 
Fouad, Merga  Sor (under training); 1958, D. A. Clarke (H. S. I. ). 

Snow surveyor should be a local Merga Sor m a n  due to  difficulty of access  
in  bad winters;  no suitable m a n  found to  date. Salary shown for  assis tant  
snow surveyor  i s  that for  each survey of the two courses ,  Newakhwin and 
Gunda Nawandi; he lives in  Merga Sor. 
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GUNDA NAWANDI (Merga Sor Group, Erbi l  Liwa) 

Latitude: 36°50'08" N. Longitude: 44O18'26" E. Elevation: 1100 m .  
Major drainage: Greater  Zab River Minor drainage: Balikian River 
Aspect: Northeast 
Exposure: Gently sloping cultivated land near  valley floor. 
Maps: 1:20, 000 861600 

114 inch Iran-Iraq J - 38U 
Exhibit A-20 

Detailed location -- and route. Diana t o  Merga Sor village (48 lan. ). Poor  
t r ack  in  winter and may  be impassable beyond Mazna (24 lun. ) due to  snow 
o r  mud. Final 6 lun. to  Merga Sor commonly impassable  for  pa r t  of 
winter. 

Course l ies  in  a cultivated field on the right side of the road on entering 
Merga  Sor. The m a r k e r  pipes a r e  visible f rom the road. Field is ad- 
jacent t o  house of Ahmad Aga. 

Remarks  

Snow Surveyor(1959): L. F. M o r r i s  (H. S. I. ) 
Assistant (1959): Ahmad Quadir Salary: I. D. 3 .  000 
Method of t ravel :  Landrover, normally involving approx. 5 h r s .  t rave l  

per  measurement ,  f rom Diana. Skiing o r  snowshoe- 
ing sometimes necessary. 

History: Course sited and installed December 1956 by Moullin and 
assis tants .  Course marked  by four steel m a r k e r  pipes. 
Surveys s tar ted 1957. Snow surveyor 1957, Hassan Fouad, 
Merga Sor (under training); 1958, D. A. Clarke (H. S. I. ) 

Snow surveyor should be a local Merga  Sor man  due to  difficulty of access  
in  bad winters,  no suitable m a n  found t o  date. Salary shown for  assis tant  
snow surveyor is that for each survey of the two courses ,  Newakhwin and 
Gunda Nawandi; he lives in Merga Sor. Land owned by Ahmad Aga, 
Merga Sor. 

SALARAH (Halsho Group, Sulaimania Liwa) 

Latitude: 36°11'20" N. Longitude: 45O17'41" E. Elevation: 1890 m .  
Major drainage: Lesse r  Zab River 
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Aspect: Northwest 
Exposure: Open summer  pasture,  draining to southwest. Low ridge to  

northwest and broken slopes leading to minor  peaks to  south 
east .  

Maps: 1:20,000 791690 
114 inch Iraq-Iran J - 38V 
Exhibit A-2 1 

Detailed location and route. Take guide/police f rom Qala Dizeh t o  Halsho -- 
village; 3 h r s .  walk. H. S. I. hut a t  Halsho (1080 m .  ). Follow left bank 
up Halsho s t ream 1 km. and turn south up t r ibutary,  1 km. t o  Nurista S. C. 
and summer  village. Proceed S. E. to col, approx. 20 min. Turn eas t  
along t rack  on side of steep south-facing slopes of valley. At head of 
valley t r ack  zig zags to  col, then turns  south around head of valley. Track 
then leads east  up open valley to  Salarah S. C. The t rack  i s  a standard 
summer  route from Halsho to  Kanirash P a s s  on the Iranian border .  Route 
finding requi res  c a r e  under bad winter conditions. Time Halsho to  
Salarah, 1 112 to  3 h r s .  depending on conditions. 

Remarks  

Snow Surveyor (1959): K. Pope (H. S. I. ) 
Assistant (1959): Mahmud Rasul ( o r  brother)  Salary: I. D. 1. 500 
Method of t ravel :  Foot/snowshoe involving approx. 10 km. of foot/snow- 

shoe t rave l  per  measurement  f rom Halsho. 
History: Area  of course chosen October 1956 by Work, Moullin, Brown 

and assis tants .  Course installed January 1957 and marked by 
four s teel  pipe m a r k e r s .  Surveys s tar ted 1957. Snow su r -  
veyor 1957, T. Whieldon Brown; 1958, K. Thompson, both on 
staff of R. E. , Dokan Dam. 

Assistant snow surveyor l ives a t  Halsho village. Salary i s  total  for  each 
survey a t  the three  courses ,  Salarah, Nurista,  and Halsho. The H. S. I. 
mountain refuge hut a t  Halsho, near  village school, i s  fully equipped for  
overnight stops (two people), except for  food. 

NURISTA (Halsho Group, Sulaimania Liwa) 

Latitude: 36°11'50" N. Longitude: 45O15'59" E. Elevation: 1340 m .  
Major drainage: L e s s e r  Zab River Minor drainage: Halsho River  
Aspect: Northeast 
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Exposure: Moderately sheltered cultivated t e r r a c e  on side of north-sloping 
valley. 

Maps: 1:20,000 791680 
1:100,000 Iraq-Iran J - 38VlSW 
114 inch Iraq-Iran J - 38V 
Exhibit A-22 

Detailed location and route. Take guide/police from Qala Dizeh t o  Halsho -- 
by much used t rack  a c r o s s  the plains; 3 h r s .  walk. H. S. I. hut a t  Halsho 
(1080m).  Follow up Halsho s t r eam on left bank 1 lun. and turn  south up 
tributary.  

One lan. t o  Nurista S. C. and summer  village. Snow course is beside 
t r ack  on left hand side and near  la rge  spring. Time Halsho village t o  
Nurista, approx. 112 hr .  

Remarks  

Snow Surveyor (1959): K. Pope (H. S. I. ) 
Assistant (1959): Mahrnud Rasul o r  brother  Salary: I.D. 1.500 
Method of t ravel :  Foot/snowshoe involving approx. 4 krn. of foot/snow- 

shoe per  measurement  f rom Halsho. 
History: Course sited October 1956 by Work, Moullin, Brown and 

assis tants .  Course installed January 1957 by H. S. I. and 
marked  by one s tee l  pipe m a r k e r  and one steel-plate t r e e  
marke r .  Surveys s tar ted 1957. Snow surveyor 1957, 
T. Whieldon Brown; 1958, K. Thompson, both on staff of 
R. E. Dokan Dam. 

Assistant snow surveyor l ives a t  Halsho village. Salary shown is the total  
for  each survey at the three  courses ,  Salarah, Nurista, and Halsho. The 
H. S. I. mountain refuge hut a t  Halsho, near  village school, is fully equipped 
for  overnight stops (two people), except for  food. 

HALSHO (Halsho Group, Sulaimania Liwa) 

Latitude: 36°12'06" N. Longitude: 45O15'12" E. Elevation: 1250 m. 
Major drainage: L e s s e r  Zab River Minor drainage: Halsho River 
Aspect: North 
Exposure: Fa i r ly  open cultivated ground backed by high ridge to  the south. 
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Maps: 1:20, 000 791680 
1:100, 000 Iraq-Iran J - 38V 
114 inch Iraq-Iran J - 38VISW 
Exhibit A-23 

Detailed location and route. Take guidelpolice f rom Qala Dizeh to  Halsho -- 
by much used t rack  a c r o s s  the plains; 3 h r s .  walk. H. S. I, hut a t  Halsho 
(1080 m .  ). Climb squarely up the slope behind the hut to  l ip of plateau. 
Snow course  i s  then visible on bearing approx. 240 degrees mag. Time 
Halsho hut to Halsho S. C, approx. 20 min. 

Remarks  

Snow Surveyor (1959): K. Pope (H. S. I. ) 
Assistant (1959): Mahmud Rasul ( o r  bro ther )  Salary: I. D. 1. 500 
Method of t ravel :  Footlsnowshoe involving approx. 2 km. of foot/snow- 

shoe t r ave l  per  measurement  f rom Halsho. 
History: Course sited October 1956 by Work, Moullin, Brown and 

assis tants .  Course installed January 1957. Snow surveyor 
1957, T. Wheildon Brown; 1958, K. Thompson, both on staff 
of R. E. Dokan Dam. 

Assistant snow surveyor l ives a t  Halsho village. Salary shown i s  the total  
for  each survey of the  th ree  courses ,  Salarah, Nurista,  and Halsho. The 
H. S. I. mountain refuge hut a t  Halsho, near  village school, i s  fully equipped 
for overnight stops (two people), except for  food. 

KORA KZAW (Barsinja  Group, Sulaimania Liwa) 

Latitude: 35O34'33" N. Longitude: 45°42t02" E .  Elevation: 1780 m .  
Major drainage: Diyala River Minor drainage: Av-i- Chaqan 
Aspect: Southeast 
Exposure: On fair ly  open steep slope just below c r e s t  of ridge and near  

rocky peak of Kora Kzaw. Thick cover of low scrub  oak. 
Maps: 1:20,00O 721720 

1:100, 000 Iraq-Iran I - 38D/NE 
114 inch Iraq-Iran I - 38D 
Exhibit A-24 

Detailed location and route. Main road Sulaimania, Halabja a s  f a r  a s  -- 
turn-off t o  Barsinja ,  km. 35, 12 km. south of Arbet. This road not closed 



Annex A-3 
Sheet 17 of 24 

by snow for  m o r e  than 2-3 days. Thirteen km. up t r ack  to  Barsinja,  a t  
top of zig zags, Barsinja plain i s  reached; this section may be closed after 
exceptionally heavy snowfalls, in which case  Barsinja is inaccessible by 
foot. Barsinja village is 1 1 km. ac ross  plain, along very poor muddy 
t rack  which may be impassable for  landrovers. 

Barsinja t o  Kora Kzaw S. C. Proceed N. E. from village to  top of ridge 
behind i t ,  up ridge on 340° mag. bearing fo r  1 112 km., then along ridge 
for  1 114 km. on 50° bearing to  minor peak. North along this  ridge leads 
t o  the snow course,  which i s  just below the ridge c res t  on the eas tern  
slope. Time Barsinja village to  snow course,  1 112 t o  2 112 h r s .  

Remarks 

Snow Surveyor (1959): K. Pope (H. S. I. ) 
Assistant (1959): Hamid Sur Salary: I. D. 2. 000 
Method of travel:  Foot/snowshoe involving 8-9 km. of foot/sno\vshoe 

t ravel  per measurement  f rom Barsinja  village. 
History: Course sited October 1956 by Work, Moullin and assis tants .  

Course installed October 1957 by H. S. I. and marked by four 
s teel  pipe marker s .  However, surveys made i n  1957. Snow 
surveyor 1957 and 1958, B. Gilpen (H. S. I. ) 

Assistant snow surveyor lives in  Barsinja village. Salary shown is the 
total  for  each survey of the three Barsinja-group courses.  Rest  house 
i n  Barsinja.  

TUSTAN (Barsinja Group, Sulaimania Liwa) 

Latitude: 35°33'38" N. Longitude: 45°40i26" E. Elevation: 1520 m .  
Major drainage: Lesser  Zab River Minor drainage: Mawakan Chai 

Aspect: North 
Exposure: In shallow re-entrant halfway up side of wide open valley. 
Maps: 1:20,000 721720 

1: 100,000 Iran-Iraq I - 38DlNE 
114 inch Iran-Iraq I - 38D 
Exhibit A-25 

Detailed location -- and route. Main road Sulaimania-Halabja as far  as 
turn-off t o  Barsinja, krn. 35, 12 km. south of Arbet. This road not closed 
by snow for  m o r e  than 2-3 days. Thirteen krn. up track to  Barsinja,  a t  
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top of zig zags, Barsinja plain i s  reached; this section may be closed 
after exceptionally heavy snowfalls, in  which case  Barsinja i s  inaccess-  
ible by foot. Barsinja  village i s  11 krn. ac ross  plain, along very poor 
muddy t rack  which may be impassable for  landsovers. 

Barsinja to Tustan S. C. Follow up valley running N. W. from Barsinja 
along track on west-facing slopes, until reaching col a t  head of valley. 
Cross  col, and course i s  5 min. beyond it  on west side of further valley 
and slightly lower than col. Barsinja to  Tustan S. C . ,  314 h r .  

There i s  a direct route to  Kora Kzaw S. C. from Tustan S. C. which follows 
ridge tops to  the eas t  ( see  route map).  

Remarks 

Snow Surveyor (1959): K. Pope (H. S. 1. ) 
Assistant (1959): Hamid Sur Salary: I. D. 2. 000 
Method of t ravel :  Foot/  snowshoe involving 5-6 km. of foot/ snowshoe 

t ravel  per  measurement  from Barsinja village. 
History: Sited and installed October 1957 by Moullin and assis tants  to  

replace Dowli Swarah S. C. ,  which proved unsatisfactory. 
Marked by th ree  s tee l  pipe m a r k e r s .  Surveys s tar ted 1958. 
Snow surveyor 1958, B. Gilpen (H. S. I. ! 

Assistant snow surveyor l ives in  Barsinja village. Salary shown is the 
total for  each survey of the three  Barsinja-group courses,  Rest house 
in Barsinja.  

DOWLI TERSCHAKEN (Barsinja  Group, Sulaimania Liwa) 

Latitude: 35O27'29" N. Longitude: 45041'38" E. Elevation: 1220 m .  
Major drainage: Lesse r  Zab River Minor drainage: Mawakan Chai 
Aspect: Northeast 
Exposure: In smal l  sheltered valley on west side of high, level plain. 
Maps: 1:20,000 711720 

1:100, 000 Iraq-Iran I - 38D/SE 
114 inch Iraq-Iran I - 38D 
Exhibit A-26 
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Detailed location -- and route. Main road Sulaimania-Halabja as f a r  as 
turn-off t o  Barsinja,  km. 35, 12 h. south of Arbet. This road not 
closed by snow for  m o r e  than 2-3 days. Thirteen km. up t r ack  t o  
Barsinja,  a t  top of zig zags, Barsinja  plain is reached; this  section may  
be closed after exceptionally heavy snowfalls, in  which case  Barsinja i s  
inaccessible by foot. Barsinja village i s  11 km. ac ross  plain, along 
very poor muddy t r ack  which may be impassable for  landrovers.  

One and a half km. from last  hairpin bend of zig zags there a r e  two large  
bushes on either side of the track. When these four bushes a r e  in  line 
the snow course can be seen to  the West, 1 km. distant. 

Remarks 

Snow Surveyor (1959): K. Pope (H. S. I. ) 
Assistant (1959): Hamid Sur Salary: I. D. 2. 000 
Method of travel:  Landrover/foot involving 2012 km. of car lfoot  t r ave l  

per  measurement from Barsinja,  if road open. Other- 
wise all by footlmule. 

History: Course sited November 1956 by Work, Moullin and assis tants .  
Course installed January 1957 by H. S. I. and marked by three 
s teel  pipe marker s .  Surveys s tar ted 1957. Snow surveyor 
1957 and 1958, B. Gilpen (H. S. I. ) 

Assistant snow surveyor lives in  Barsinja village. Salary shown is the 
total  for  each survey of the Barsinja-group courses.  Rest house in 
Barsinja.  

MIYAN MAMEK (Penjwin Group, Sulaimania Liwa) 

Latitude: 35O36'45" N. Longitude: 45°52'55" E. Elevation: 1690 m.  
Major drainage: Lesser  Zab River Minor drainage: Cham-i-Qizilja 
Aspect: North 
Exposure: High, open summer  camping ground backed by long ridge t o  

south. 
Maps: 1:20,000 731740 

1:100,000 Iran-Iraq I - 38D/NE 
1 / 4  inch Iran-Iraq I - 38D 
Exhibit A-27 
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Detailed location and route. Surveys s t a r t  f rom Penjwin, which i s  54 km. -- 
f rom Sayed Sadiq, on main  Sulaimania-Halabja road. It may  be cut off by 
snowslides, e t c . ,  for a month o r  m o r e  in winter,  although efforts a r e  
made to  keep i t  open by machinery. 

F r o m  Penjwin t r ave l  6 krn. by c a r ,  mule,  foot (depending on conditions) 
towards Malakawa P a s s  on main  road to  Sayed Sadiq. Cross  s t ream in  
valley bottom and follow S. W.  up opposite valley, passing head of valley 
in  which Malakawa S. C. l ies.  Continue to  col a t  head of valley 1. 8 km. 
from road. Follow up r.idge on bearing approx. 2900, and then c r o s s  
broken ground on same bearing to  snow course,  approx. 1 112 km, f rom 
col. Time to  Miyan Mamek S. C. f rom main  road 1-1 112 h r s .  

Remarks  

Snow Surveyor (1959): J ami l  Mirza  Said Salary: I. D. 8. 000 
Assistant (1959): Mohd Said, and Salary: I. D. 3. 000 

Said Sala Salary: I. D. 3 .  000 
Method of t ravel :  Car  o r  mule  o r  snowshoe and foot involving 1217 km. 

of t r ave l  per  measurement  f rom Penjwin. 
History: Course sited November 1956 by Work, Moullin and assis tants .  

Course installed November 1957 and marked by four s tee l  
pipe m a r k e r s ;  layout different f rom that of November 1956. 
Surveys s tar ted 1958. 

Snow surveyors  a l l  live in  Penjwin. Salar ies  shown a r e  those fo r  each 
survey of the two courses .  Miyan Mamek and Malakawa. Routine s u r -  
veys of this course can only be maintained by a surveyor based on Penjwin, 
due to  the inaccessabili ty of the a r e a  in yea r s  of heavy snowfall. 

MALAKAWA (Penjwin Group, Sulaimania Liwa) 

Latitude: 35036'511' N. Longitude: 45O54'18" E.  Elevation: 1400 m .  
Major drainage: L e s s e r  Zab River  Minor drainage: Cham-i-Qizilja 
Aspect: North 
Exposure: Small, sheltered, north-facing valley. 
Maps: 1:20, 000 731740 

1:100,000 I ran- I raq  1 - 38D/NE 
1 / 4  inch Iran-Iraq I - 38D 
Exhibit A-28 
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Detailed location and route. Surveys s t a r t  f rom Penjwin, which is 54 lun. -- 
f rom Sayed Sadiq, on ma in  Sulaimania-Halabja road. It m a y  be cut off 
by snowslides, e t c . ,  for  a month o r  m o r e  in  winter, although efforts a r e  
made  to  keep i t  open by machinery. 

F r o m  Penjwin t r ave l  6 km. by c a r ,  mule,  foot (depending on conditions) 
towards Malakawa P a s s  on ma in  road to  Sayed Sadiq. Cross  s t r eam in  
valley bottom and follow t r ack  S. W. up opposite valley for  5 min. Malakawa 
S. C. i s  then visible 100 m.  to  the south in small ,  sheltered, t r ibutary valley. 
Route to  Miyan Mamek S. C. ,  which is usually surveyed on the same  day, 
l ies  on up the ma in  valley. Main road to  Malakawa S. C. 5 min. 

Remarks  

Snow Surveyor (1959): Jarnil Mirza  Said Salary: I. D. 8. 000 
Assistant (1959): Mohd Said, and Salary: I. D. 3. 000 

Said Sala Salary: I. D. 3.000 
Method of travel:  Car o r  mule o r  snowshoe and foot involving a total  of 

13 km. of t rave l  per  measurement  f rom Penjwin. 
History: Course sited November 1956 by Work, Moullin and assis tants .  

Course installed November 1957 and marked by four s tee l  pipe 
m a r k e r s ;  layout different t o  that of November 1956 in  order  to  
improve drainage. Surveys s tar ted 1958. 

Snow surveyors  all live in  Penjwin. Salar ies  shown a r e  those f o r  each 
survey of the two courses ,  Miyan Mamek and Malakawa. Routine surveys 
of this  course  can only be maintained by a surveyor based on Penjwin due 
to  the  inaccessability of the a r e a  in  yea r s  of heavy snowfall. 

DOWLASUR (Penjwin Group, Sulairnania Liwa) 

Latitude: 35°31132" N. Longitude: 45051128" E. Elevation: 890 m .  
Major drainage: Diyala River Minor drainage: Av-i- Chaqan 
Aspect: Northeast 
Exposure: On gently sloping ground between sma l l  r iver  and foot of s teep 

slope in  fair ly  sheltered valley. 
Maps: 1:20,000 721740 

1:100,000 Iraq-Iran I - 38D/NE 
114 inch Iraq-Iran I - 38D 
Exhibit A-29 
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Detailed location -- and route. F r o m  Sayed Sadiq, on the Sulaimania-Halabja 
road,wroceed N. on the Peniwin road. Half a lun, af te r  the village of 

- A  " - 
Dowla Sur (Dollasur),  21 km, have been passed; the road fords a smal l  
r iver .  A 112 km. fur ther  on, the road bends sharply to  the right. F r o m  
the apex of the bend the snow course can be seen 112 lun. t o  the west,  with 
i t s  two higher poles hidden behind a group of t r e e s  in  a graveyard. Road 
to  course probably never blocked by snow, although frequently closed near  
Kani Spika, a few lun. on towards Penjwin. 

Remarks  

Snow Surveyor (1959): K. Pope (H. S. I. ) 
Method of t rave l :  Car and foot involving 441 1 km of car l foot  t r ave l  per  

measurement  f rom Sayed Sadiq. 
History: Course sited November 1956 by Work, Moullin and assis tants .  

Course installed January 1957 by H. S. I. and marked  by four 
s teel  pipe m a r k e r s .  Surveys s tar ted 1957. Snow surveyor 
1957 and 1958, B. Gilpen (H. S. I. ) 

There i s  no permanent assis tant  for  this course.  In 1959 the Br i t i sh  snow 
surveyors  had to be accompanied everywhere by an  Iraqi  member  of the 
Development Board, who was used a s  an  assis tant  for  this  course.  Similar 
arrangements  were  made  i n  1957 and 1958. Halabja r e s t  house i s  47 km. 
f rom snow course.  

HARNECLA (Tawela Group, Sulaimania Liwa) 

Latitude: 35°12'40" N. Longitude: 46'1 1'07" E .  Elevation: 1620 m .  
Major drainage: Diyala River Minor drainage: Sirwan River  
Aspect: Northwest 
Exposure: Course l ies  near  bottom of narrow, t e r r aced ,  steep-sided 

valley with dense mulber ry  and walnut orchards.  
Maps: 1:20,000 681770 

1:100, 000 Iran-Iraq I - 38E/SW 
114 inch Iran-Iraq I - 38E 
Exhibit A-30 

Detailed location -- and route. Surveys s t a r t  f rom Tawela, which i s  35 krn. 
f rom Halabja along an unsurfaced mountain t rack .  Route i s  frequently 
blocked by snow o r  i s  impassable  due to  mud. 
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Go northwards up valley of Rubari-aw-i-sird for  approx. 20 min. Track  
then swings eastward with the r iver  and course is beside i t  on the left bank. 
Kani-aw-i-sird (spring) i s  about 10 min. fur ther  up the valley. Tawela to  
Harnecla S. C . ,  30 min. 

Remarks  

Snow Surveyor (1959): Mohd Hajji Salary: I. D. 6.000 
Assistant (1959): Kaka Nadir Salary: I. D. 2. 000 
Method of travel:  Foot/snowshoe involving a total  of 1 h r .  t r ave l  per  

measurement  f rom Tawela. 
History: General a r e a  of course selected November 1956 by Work, 

Moullin and assis tants .  Course sited by Moullin, November 
1957 and installed December 1957; marked  by one s teel  pipe 
m a r k e r  and one steel-plate t r e e  marke r .  Surveys s tar ted 
1958. 

Both snow surveyors  live in  Tawela village. Salar ies  shown a r e  those 
for  each survey of the two courses ,  Harnecla and Harnessi  Su. Routine 
surveys of this  course  can only be maintained by a surveyor based on 
Tawela, because of the inaccessabili ty of the a r e a  during most  winters, 
particularly in yea r s  of heavy snowfall. Rest house accomodation i n  
Tawela. Land i s  owned by Harnin Aziz, Tawela. 

HARNESS1 SU (Tawela Group, Sulaimania Liwa) - 

Latitude: 35012'04" N. Longitude: 46°10'54" E. Elevation: 1480 m.  
Major drainage: Diyala River Minor drainage: Sirwan River  
Aspect: Northeast 
Exposure: Course l ies  in  bottom of narrow, te r raced ,  steep-sided valley 

with dense mulber ry  and walnut orchards.  
Maps: 1:20, 000 681770 

1:100,000 Iran-Iraq I - 38ElSW 
114 inch Iran-Iraq I - 38E 
Exhibit A-3 1 

Detailed location and route. Surveys s t a r t  f rom Tawela, which is 35 h. -- 
f rom Halabja along an unsurfaced mountain t rack.  Route i s  frequently 
blocked by snow o r  i s  impassable  due to mud. 
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Course i s  5 min. north of Tawela on right bank of the s t ream,  Rubari 
aw-i-sird.  

Remarks  

Snow Surveyor (1959): Mohd Hajji Salary: I. D. 6. 000 
Assistant (1959): Kaka Nadir Salary: I. D. 2. 000 
Method of t ravel :  Foot/snowshoe involving a total  of 10 min. t r ave l  per  

measurement  f rom Tawela. 
History: General a r e a  of course selected November 1956 by Work, 

Moullin and assis tants .  Course sited by Moullin, November 
1957 and installed December 1957; marked  by two steel  pipe 
m a r k e r s  and one steel-plate t r e e  m a r k e r .  Surveys s tar ted 
1958. 

Both snow surveyors  live in Tawela village. Salar ies  shown a r e  those 
for  each survey of the two courses, Harnecla and Harness i  Su. Routine 
surveys of this course can only be maintained by a surveyor based on 
Tawela, due to the inaccessability of the a r e a  during most  winters,  pa r -  
t icularly in  yea r s  of heavy snowfall. Res t  house accomodation in  Tawela. 
Land i s  owned by Harnar Sala, Tawela. 
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RECORD OF SNOW MEASUREMENTS 
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RECORD OF SNOW MEASUREMENTS 
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HYDROLWICAL SURVEY OF I R A 0  

RECORD OF SNOW MEASUREMENTS 
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HYDROLOaICAL SURVeV OC IRAQ 

RECORD OF SNOW MEASUREMENTS 
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HlDROL001CAL SURVLI OF IRA0 

RECORD OF SNOW MEASUREMENTS 

GDNDA NA!ciMmI ............ .................................... .- .......... Snow Gorse. 

EXTRA MSASUREMENTS 

9i? 
3 

% g 
K ?  

Remarks column entries:. G.F. - Ground frozen. G.N.F. - Ground not j r m .  ' Drj, damp or md indicntes soil conditions burrnth mom. 
E 
N 
W 

Form 22 

Date Snow rnr Water m t .  Denrlty Remarks 

- 
- 

17/4 No Snow 

--- 
-- 
-- 

- -- 
--- 

- 

- 

- 

-- 



Annex A-4 
Sheet 13 of 23 



HYDROLOQICAL SURVEY O F  IRAQ 

RECORD OF SNOW MEASUREMENTS 

PNRIS'i!i! ............................................................. Snow G- tios metres, 

ROUTlNE MEASUREMENTS LXTRI MEASUREMENTS 
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HYDROLOOlCAL SURVEY OF IRA9 

RECORD OF SNOW MEASUREMENTS 

ROUTINE MEASURKMCNTII EXTRA MEASUREMENT. 
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HYDROLOQlUL SURVEY OF IRAQ 

RECORD OF SNOW MEASUREMENTS 
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HIOROL001CAL SURVCY OP IRAQ 

RECORD OF SNOW MEASUREMENTS 
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ANNEX A- 5 

DESCRIPTIONS OF RECORDING RAIN-GAGE STATIONS 

(As of April 1959) 

Latitude: 34'33' N. Longitude: 44O30' E. Elevation: 90 m. 
Site: Instrument enclosure at Adhaim Narrows discharge station 
Installed: 27 January 1958 
Drainage basin: Adhaim River 
Non-recording gage: H. S. I. 8", local manufacture 

AMADIA 

Latitude: 37O07' N. Longitude: 43O30' E. Elevation: 121 0 m.  
Site: Primary school 
Drainage basin: Greater Zab River 
Non-recording gage: H. S. I. 8", local manufacture 

DIANA 

Latitude: 36O40' N. Longitude: 44O33' E. Elevation: 700 m. 
Site: Instrument enclosure at Diana H. S. I. field office 
Installed: 23 September 1957; (N-R gage) 26 December 1956 
Drainage basin: Balikian, Ruwanduz, and Greater Zab rivers 
Non-recording gage: H. S. I. 8", local manufacture 

DIWANIYAH 

Latitude: 3 1'59' N. , Longitude: 44O59' E. Elevation: 20 m. 
Site: Meteorological office garden 
Installed: 5 January 1958 
Drainage basin: Euphrates River 
Non-recording gage: British Meteorological Office 8" 
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DOKAN 

Latitude: 35O57' N. Longitude: 44O58' E .  Elevation: 535 m .  
Site: Instrument enclosure near  athletic field in  permanent housing a r e a  
Installed: 23 October 1957 
Drainage basin: Lesse r  Zab River 
Non-recording gage: H. S. I. 8", local manufacture 

K-2 PUMPING STATION - 
Latitude: 34O58' N. Longitude: 43O20' E .  Elevation 150 m .  
Site: Beside K-2 head office 
Installed: 1 December 1957 
Drainage basin: Tigr i s  River 
Non-recording gage: Johnson and Merce r  8" 

KHANAQIN 

Latitude: 34O18' N. Longitude: 45O26' E. Elevation: 201 m .  
Site: Khanaqin Oil Refinery garden 
Installed: 4 December 1957 
Drainage basin: Alwand and Diyala r i v e r s  
Non-recording gage: Bri t ish Meteorological Office 8" 

KIRKUK H. S. I. 

Latitude: 35O28' N. Longitude: 44O24' E. Elevation: 320 m. 
Site: Irrigation Department garden 
Installed: 1 January 1957 
Drainage basin: Khasa Su, Adhaim River 
Non-recording gage: H. S. I. 8", local manufacture 

KIRKUK MET 

Latitude: 35'28' N. Longitude: 44O24' E. Elevation: 331 m ,  
Site: Kirkuk I raq i  Air F o r c e  Airfield 
Drainage basin: Khasa Su, Adhaim River  
Non-recording gage: Bri t ish Meteorological Office 8'' 
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MOSUL 

Latitude: 36O19' N. Longitude: 43O09' E.  Elevation: 223 m .  
Site: Meteorological Station, Mosul Airport  
Installed: 26 November 1957 
Drainage basin: Tigr i s  River 
Non-recording gage: Bri t ish Meteorological Office 8" 

RUTBA 

Latitude: 33O02' N. Longitude: 4 0 ~ 1 7 '  E.  Elevation: 640 m .  
Site: Opposite police station 
Installed: 1 January 1958 
Drainage basin: Wadi Hawran, Euphrates River  
Non-recording gage: Br i t i sh  Meteorological Office 5" 

SHAQLAWA 

Latitude: 36O24' N. Longitude: 44O20' E. Elevation: 970 m. 
Site: P r i m a r y  school 
Installed: 23 November 1957 
Drainage a rea :  Darabirush Chai, Grea ter  Zab River 
Non-recording gage: H. S. I. 8", local manufacture 

Latitude: 35O33' N. Longitude: 45'27' E. Elevation: 890 m. 
Site: F o r e s t r y  Department grounds 
Installed: 24 November 1957 
Drainage basin: Tanjero and Diyala r i v e r s  
Non-recording gage: Casella 5" 

T-1 PUMPING STATION - 
Latitude: 34O12' N. Longitude: 41°20' E. Elevation: 300 m .  
Site: Near office buildings 
Installed: 29 December 1957 
Drainage basin: Wadi e l  Idhana, Euphrates River 
Non-recording gage: Bri t ish Meteorological Office 8" 
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TUSAN 

Latitude: 37O00' N. Longitude: 42028' E .  Elevation: 380 m .  
Site: H. S. I. discharge camp 
Installed: 25 November 1957 
Drainage basin: Tigr is  River 
Non-recording gage: H. 3.1. 8", local manufacture 
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ANNEX A-6 

DESCRIPTIONS OF NON-RECORDING RAIN-GAGE STATIONS 

(As of April 1959) 

AIN SIFNI -- 
Latitude: 360411 N. Longitude: 430211 E. Elevation: 520 m.  
Site: Yard of police station 
Installed: 20 January 1957 
Drainage basin: Khazir and Greater Zab rivers 

BARSINJA 

Latitude: 35'32' N. Longitude: 45O42' E. Elevation: 1300 m. 
Site: Schoolyard 
Drainage basin: Lesser Zab River 
Installed: 16 February 1957 

BILLE (ZIBAR) 

Latitude: 36'52' N. Longitude: 44O04' E. Elevation: 480 m.  
Site: Pr imary school 
Installed: 18 December 1956 
Drainage basin: Greater Zab River 

Latitude: 35O03' N. Longitude: 43O34' E. Elevation: 120 m. 
Site: Near H. S. I. discharge camp 
Installed: 1 February 1957 
Drainage basin: Tigris River 

GALALA 

Latitude: 36'37' N. Longitude: 44O49' E. Elevation: 1100 m. 
Site: Primary school 
Installed: December 1956 
Drainage basin: Ruwanduz and Greater Zab rivers 
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HALABJA 

Latitude: 35O10' N. Longitude: 46000' E. 
Site: Schoolyard 
Installed: 1 February 1957 
Drainage basin: Diyala River 

IFRAZ 

Latitude: 36023' N. Longitude: 43'48' E. 
Site: H. S. I. discharge camp 
Installed: 12 January 1957 
Drainage basin: Greater Zab River 

KANI SPIKA 

Latitude: 35'31' N. Longitude: 45'53' E. 
Site: Grounds of police post 
Installed: 2 February 1957 
Drainage basin: Diyala River 

KIFRI 

Latitude: 34'42' N. Longitude: 44O58' E. 
Site: Yard of government buildings 
Installed: 18 January 1957 
Drainage basin: Narin Chai, Diyala River 

KO1 SANJAK 

Latitude: 36O05' N. Longitude: 44038' E. 
Site: Yard of government buildings 
Installed: 22 January 1957 
Drainage basin: Lesser Zab River 

b," 

Elevation: 730 m. 

,- 
Elevation: 285 m. 

i w  

Irl 

Elevation: 1080 m. 

b 

a, 

Elevation: 2 10 m. 
&a 

Elevation: 6 10 m. 
i i  
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MAKHMOUR 

Latitude: 35O46' N. Longitude: 45O35' E.  Elevation: 270 m. 
Site: Yard of police station 
Installed: 28 January 1957 
Drainage basin: Tigris River 

MERGA SOR 

Latitude: 360501 N. Longitude: 44O19' E. Elevation: 1170 m. 
Site: School grounds, on snow tower 
Installed: 20 November 1957 
Drainage basin: Balikian, Ruwanduz, and Greater Zab rivers 

Latitude: 35O11' N. Longitude: 44053' E. Elevation: 380 m. 
Site: Police station 
Installed: 14 January 1957 
Drainage basin: Tauq Chai, Adhaim River 

QARA DAGH -- 

Latitude: 35O18' N. Longitude: 45O23'E. Elevation: 830 m. 
Site: School roof 
Installed: 27 January 1957 
Drainage basin: Diyala River 

RAML 

Latitude: 34'57' N. Longitude: 44O01 ' E. Elevation: 200 m. 
Site: Near res t  house 
Installed: 1 February 1957 
Drainage basin: Adhaim River 
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SIDEKAN 

Latitude: 36'47' N. Longitude: 440401 E. Elevation: 1000 m. 
Site: Outside school, on snow tower 
Installed: 1 November 1957 
Drainage basin: Balikian, Ruwanduz, and Greater Zab rivers 

TAQ TAQ -- 
Latitude: 35O53' N. Longitude: 44O35' E. Elevation: 370 m. 
Site: Yard of government buildings 
Installed: 8 January 1957 
Drainage basin: Lesser Zab River 
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ANNEX A-7 

DESCRIPTION OF THERMOGRAPH STATION 

(As of April 1959) 

Latitude: 36O39' N. Longitude: 45O02' E. Elevation: 1970 m. 
Site: Near I. P. C. ski huts, 40 minuites' walk from village 
Installed: 2April 1958 
Drainage basin: Ruwanduz, Greater Zab rivers 
Instrument: Bendix Aviation Corporation thermograph, eight-day clock, 

temperature in degrees centigrade. Installed in standard 
Stevenson screen, the height of which can be varied to suit 
depth of snow cover. 
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ANNEX A- 8 

DESCRIPTION OF EVAPORATION STATIONS 

(As of April 1959) 

DIANA 

General. Latitude: 360401 Longitude: 44O33' Liwa: Erbil 
Ht. above M. S. L. 700 m.  (1:20,000 map No. 841620 Provisional) 
Sited in front of H. S. I. office, Diana 
Drainage basin: Greater Zab River - Balikian River 
Authority: Hydrological Survey of Iraq 

Instrumentation. The following notes a r e  intended to  assist  in the evalu- 
ation of past records: (N. B. only rainfall observations were made at  the 
nearby first  Diana station. Exposure of the two sites i s  very similar. ) 

1. Non-recording - rain Readings since 23 December 
1956. U. S. Weather Bureau type 8" gage, made locally. 
Moved to  new site 6 June 1957. Readings up to  1 Febru- 
a ry  1957 sometimes doubtful; thereafter of a good standard. 
Daily readings at  0900 hours. 

2. Recording - rain Readings since 23 September 1957. 
Bendix No. 2982. Reliable record. 

3 .  Maximum, minimum, current - air  temperatures: 
Readings since 7 June 1957. Observations on dial-type 
thermometers. Installed in temporary instrument screen 
until 5 May 1958, when replaced by standard Stevenson 
screen (large). Daily readings at  0900 hours; a i r  tem- 
peratures also a t  1500 hours daily. 

4. -- Wet- and *-bulb - temperatures: Readings since 16 
November 1957. Observed on non-ventilated thermometers 
installed in instrument screen until 19 January 1958, when 
replaced by a sling pyschrometer. Daily readings at  0900 
hours and 1500 hours. 
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5. Pan  evaporation: Readings since 7 June 1957. Class A 
type pan (made locally), 4 ft. diameter ,  10" high, on 
standard t imber grillage. Cup measurements  using hook 
gage in stilling well. Water level adjusted at  0900 hours  
daily. Water depth maintained a t  7 112". 

6. Pan surface water  temperatures:  Readings since 7 June - 
1957. Observed at  0900 hours and 1500 hours daily with 
normal  m e r c u r y  bulb thermometer .  

7 .  Thermograph: Readings since 15 November 1957. Installed 
in temporary instrument screen  until 5 May 1958, when 
placed in standard Stevenson sc reen  ( large) .  Make: Bendix 
Aviation Corporation; No. 3276. 

8. Pyrhel iometer:  Readings since 2 1 September 1957. Installed 
on one-meter-high concrete pillar on roof of permanent H.S.I. 
office. Orientated E-W. 

9. Anemometer: Readings since 8 January 1958. Total mile-  
age type. Make: Instruments Corporation. Installed on 
NW corner  of evaporation pan grillage; cup axis  6" above 
pan rim. Read daily a t  0900 hours  and 1500 hours.  

Miscellaneous. Daily 0900-hours r iver-water  tempera tures  observed on 
Ruwanduz River since 20 January 1958; Balikian River since 25 January 
1958 and a lso  when discharge measurements  a r e  made. 

The a i r - tempera ture  readings were  observed by a temporary  m a n  between 
June and August 1957, over which period e r r o r s  may  have occurred in the 
writing down of the observations (wrong day, etc. ), but the actual readings 
themselves a r e  probably fair ly  reliable. Thereafter  the two observers  
(the permanent Diana c lerk  and office messenger /day  watchman) have been 
closely watched and trained. They do the work well  and very  conscien- 
tiously, though occasional e r r o r s  may  be found. The general  standard 
of the observations from this station is now high, and they should be con- 
s idered correc t  unless the re  is good evidence t o  the contrary. 

Copies of a l l  non-recording instrument records  a r e  held i n  the Diana office. 
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DOKAN OLD STATION - 
General. Latitude: 35O57' Longitude: 44O58' Liwa: Sulaimania 

Ht. above M.S. L. 550 m .  (various damsite maps) 
Sited in the office a rea  of the Dokan Dam construction camp. 
Drainage basin: Lesser Zab River 
Authority: Resident Engineer 
Station moved to new site October 1957 

Instrumentation. The following notes a r e  intended to  assist  in the eval- 
uation of past records: 

1. Non-recording - rain Readings since 22 November 
1954. Homemade pattern with turned brass  r im of 8 718" 
diameter. Mounted on post, r im height 65". Measure- 
ments by calibrated glass flask. 

2. Maximum - and minimum temperatures: Readings since 
1 March 1952. U-tube thermometer with magnet. These 
readings were started by the Irrigation Department, when 
the instrument was near the observer's home in Dokan 
village (approximate elevation 440 meters) .  Moved from 
this site apparently on 2 September 1954. 

3. -- Wet- and dry-bulb temperatures: Readings since 26 May 
1955. Negretti and Zambra unventilated thermometers. 

4. Instrument screen: Homemade screen. lnstrurnent height 
33". (Standard height 4'6") 

Miscellaneous. River-water temperatures observed near the fe r ry  since 
1 March 1952: Readings once weekly until 2 September 1954; thereafter 
daily. 

The site i s  near the crest  of a long, bare, and steep slope facing south 
to southwest. As the major direction of storms i s  from the southwest, 
the site i s  badly overexposed, and the rainfall measurements will proba- 
bly be appreciably low. The catch in strong winds would be further re-  
duced by the excessive height of the instrument above the ground. 

The early thermometer site might have given slightly higher a i r  tempera- 
tures than this one. 
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DOKAN NEW STATION - 
General. Latitude: 35O57' Longitude: 44O58' Liwa: Sulaimania 

Ht. above M. S. L. 535 m .  (Damsite maps )  
Sited in  the permanent housing a r e a  of the Dokan Dam. 
Drainage basin: Lesse r  Zab River 
Station moved h e r e  f rom old site in  October 1957. 

Instrumentation. New meteorological enclosure installed October 1957 
a s  follows: 

1. Non-recording - r a in  e: H. S.I.. 8" type. 

2. Recording - ra in  Reading since 31 October 1957. 
Bendix eight-day recorder .  

3 .  Instrument screen:  Homemade type until 13 April  1958; 
standard instrument height. Replaced by standard 
Meteorological Office Stevenson sc reen  ( large) .  

4. Maximum, minimum, - and current  - air temperatures:  
Dial type installed 31 October 1957, replacing previous 
U-tube thermometer .  Read daily a t  0900 hours.  

5. -- Wet- and dry-bulb tempera tures :  Sling pyschrometer  
replaced previous instrument  20 January 1958. Read 
daily a t  0900 hours.  

6 .  Anemometer:  Readings since 23 Februa ry  1957. Total 
mileage type. Installed on NW corner  of evaporation 
pan gril lage; cup axis  6" above pan r im.  Read daily a t  
0900 hours.  

7. - P a n  evaporation: Readings since 1 November 1957. 
Class  A type pan (made locally). Four  feet diameter  
and ten  inches high on standard t imber  gril lage. Cup 
measurements  using hook gage in  stilling well. Water 
level adjusted daily a t  0900 hours .  Water depth main- 
tained a t  7 1 / 2 inches. 
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8. - Pan surface water temperatures: Readings since 14 
April 1958. Observed daily at  0900 hours with normal 
mercury bulb thermometer. 

9. Pyrheliometer: Readings since 27 January 1958. 
Installed in enclosure on masonry stand 70 centimeters 
high. 

Miscellaneous. Daily river-water temperatures continue to  be observed. 
Copies of a l l  non-recording instrument observations made a t  the two sites 
a r e  held at  the office of the Resident Engineer. 

The new site i s  a good one. The observer has not changed since the 
readings f i rs t  began. He i s  a good man, and his work i s  dependable. 
General supervision over this station was maintained by members of the 
Resident Engineer's staff. 

TUSAN 

General. Latitude: 37O00' Longitude: 42O28' Liwa: Mosul 
Ht. above M. S. L. 380 m. (114 inch map No. J-38s) 
Sited in front of the H. S. I. camp, Tusan 
Drainage basin: Tigris River 
Authority: Hydrological Survey of Iraq 

Instrumentation. 

1. Non- recording rain gage: Readings since 25 November - 
1957. U. S. Weather Bureau type 8" gage; made locally. 
Read daily at  0900 hours. 

2. Recording - rain gage: Readings since 26 November 1957. 
Bendix No. 2953. Reliable record. 

3. - Pan evaporation: Readings since 1 1  December 1957. 
Class A type pan (made locally). Four feet diameter by 
ten inches high on standard timber grillage. Cup mea- 
surements using hook gage in stilling well. Water level 
adjusted daily at  0900 hours. Water depth maintained at 
7 112 inches. 
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4. - P a n  surface water tempera tures :  Readings since 10 
December 1957. Observed daily a t  0900 hours  with normal  
mercury-bulb thermometer .  

5. Anemometer:  Readings since 8 May 1958. Total mileage 

type. Installed on NW corner  of evaporation pan gril lage; 
cup axis 8" above pan r im.  Read daily a t  0900 hours.  

6 .  Maximum, minimum, and cur rent  a i r  temperatures:  - 
Readings since 9 May 1958. Observations daily a t  0900 
hours  on dial-type thermometers .  Installed in  standard 
Stevenson sc reen  (small) .  

7. Wet- and =-bulb temperatures:  Readings since 8 May 
-7 

1958. with sling psychrometer .  Read daily a t  0900 hours.  

Miscellaneous. U p  t o  May 1958 various discharge observers  made  the 
readings. Thereafter  the  local cableway winchman was  a l so  the me teo r -  
ological observer ,  a t  a n  increased r a t e  of pay. 
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DAILY PRECIPITATION RECORDS 

(Stations arranged alphabetically) 

Latitude 34O33' N. Longitude 44O30' E. Elevation 90 m. 

H. S. I. 8-inch-diameter non-automatic gage 
Bendix 8-inch-diameter automatic weighing gage 

Daily precipitation in millimeters, water year 1957-1958 

Day Aug. Sept. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June July ------ - 

Total 
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ADHAIM -- 
Latitude 34O33' N. Longitude 44O30' E. Elevation 90 m .  

H. S. I. 8-inch-diameter non-automatic gage 
Bendix 8-inch-diameter automatic weighing gage 

Daily precipitation in  mi l l imeters ,  water  year  1958-1959 

Nov. Dec. Jan. Feb. M a r  Apr. May June 3 A u g . S e p t . z .  - 

Total 0.0 0.0 0.0 18.0 29.8 9.0 



Annex A- 9 
Sheet 3 of 78 

AIN SIFNI -- 
Latitude 36O41' N. Longitude 43O2 1 ' E. Elevation 520 m. 

H. S. I. 8-inch-diameter non-automatic gage 
Daily precipitation in mil l imeters ,  water  year  1956-1957 

Day Aug. Sept. %. Nov. Dec. Jan. Feb. Mar. Apr. May June July ----- 
1 16.5 - - - 
2 17.4 5.0 3.0 3.0 
3 - 18.3 3.2 - 
4 3.0 10.0 - - 
5 - 3.5 - - 

Total 
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AIN SIFNI -- W' 

Latitude 36O41' N. Longitude 43O2 1 ' E.  Elevation 520 m .  

H. S. I. 8-inch-diameter non-automatic gage 
Daily precipitation in mi l l imeters ,  water  yea r  1957- 1958 

iiu 

June Julv %. Sept. Oct. Nov. Dec. Jan. Feb. M a r .  Apr. May - - - -  

Total 
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AIN SIFNI -- 
Latitude 36O41' N. Longitude 43O2 1 ' E. Elevation 520 m. 

H. S .  I. 8-inch-diameter non-automatic gage 
Daily precipitation in mil l imeters ,  water year  1958-1959 

~ a y  ~ u g ,  Sept. Oct. Nov. Dec. Jan. Feb. Mar .  Apr. rvlay. June July 

Total T 0.0 T 40.0 102.5 87.0 
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BARZINJA 

Latitude 35032' N. Longitude 45O42' E .  Elevation 1300 m .  

H. S. I. 8-inch-diameter non-automatic gage 
Daily precipitation i n  mi l l ime te r s ,  water  year  1956-1957 

~ a y  Aug. Sept. %. Nov. Dec. Jan .  Feb.  M a r .  Apr. May ~ u n e  ~ u l y  - 
1 - 17.2 10.5 - 
2 - 10.9 0.4 - 
7 0.8 9.5 0.6 - 

Total  
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BARZINJA 

Latitude 35O32' N. Longitude 45O42' E .  Elevation 1300 m .  

H. S. I. 8-inch-diameter non-automatic gage 
Daily precipitation in mi l l imeters ,  water  yea r  1957-1958 

~ a y  A U ~ .  Sept. Oct. Nov. Dec. Jan.  Feb. Mar .  Apr. May June July 

Total 
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BAWANUR 

Latitude 34O49' N. Longitude 45O30' E .  Elevation 240 m. 

H. S. I. 8-inch-diameter non-automatic gage 
Daily precipitation in mi l l imeters ,  water  yea r  1958-1959 

Day Aug. Sept. Oct. Nov. Dec. Jan.  Feb. Mar .  Apr.  May June July_ --------- 
1 - - 
2 - - 
3 - - 
4 - - 
5 1.5 - 

Total 

:( Rain a t  surrounding stations this  day 
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BILLE- ZEBAR 

Latitude 35O52' N. Longitude 44O04' E. Elevation 480 m. 

H. S. I. 8-inch-diameter non-automatic gage 
Daily precipitation in mi l l imeters ,  water  yea r  1956-1957 

June July A U ~ .  Sept. Oct. Nov. Dec. Jan. Feb.  Mar .  Apr. May 

1 3.0 12.0 - 7.2 2.5 
2 10.0 8.0 - - 1.8 
3 2.0 - 37.2 - 2.0 
4 20.9 - 27.5 - 2.1 
5 24.4 - 52.5 - 7.5 

Total 
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BILLE- ZEBAR 

Latitude 35'52' N. Longitude 44'04' E. Elevation 480 m .  

H. S. I, 8-inch-diameter non-automatic gage 
Daily precipitation in  mi l l imeters ,  water year  1957- 1958 

Day Aug. Sept. Oct. Nov. Dec. Jan. Feb. Mar.  Apr. May June July ---- ------ 
1 - - - T - 
2 8.0 - - T - 
3 - - - T - 
4 - - - - - 
5 - - - T - 

Total 
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BILLE- ZEBAR 

Latitude 35O52' N. Longitude 44'04' E. Elevation 480 m. 

H. S. I. 8-inch-diameter non-automatic gage 
Daily precipitation in  mi l l imeters ,  water  yea r  1958-1959 

Day Aug. Sept. - - - L  Oct. Nov. Dec. Jan.  Feb. M a r  A r. May June July 

1 - - - - 1.5 - 
2 - - - - - - 
3 - - - - - - 
4 - - - 5.0 20.4 - 
5 - - - 8.0 8.3 - 

26 - - - - - - 
27 - - - - - - 
2 8 - - - - - - 
29 - - - - - - 
30 - - - - - 3.4 

3 1 - - - 19.6 - - ---- 
Total 0.0 0.0 0.0 35.0 214.0 136.2 
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DIANA 

Latitude 36'40' N. Longitude 44'33' E.  Elevation 700 m .  

H. S. I. 8-inch-diameter non-automatic gage 
Bendix 8-inch-diameter automatic weighing gage 

Daily precipitation in mi l l imeters ,  water  yea r  1956- 1957 

Day Aug. Sept. Oct. Nov. Dec. Jan.  Feb. M a r .  APT. --- May June 9 -- 

26 
27 
2 8 
2 9 
3 0 
3 1 

Total  
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DIANA 

Latitude 36°40"N. Longitude 44O33' E. Elevation 700 m .  

H. S. I. 8-inch-diameter non-automatic gage 
Bendix 8-inch-diameter automatic weighing gage 

Daily precipitation in  mi l l imeters ,  water  yea r  1957-1958 

Day Aug. Sept. k - -  Oct. Nov. Dec. Jan.  Feb. M a r  A r May June July 

1 - - 1.0 1.5 - - - - - - 18.5 - 
2 - - - 2.5 1.0 12.2 - 19.3 2.1 2.0 - - 
3 - - - 3.2 - 11.5 - 3.6 - - - - 
4 - - - - 17.5 4.3 - - - - 4.7 - 
5 - - - 6.5 3.3 3.5 8.5 - 6.0 - - - 

3 1 - - - 2.9 - - - - - - - - - - - --- 
Total 3.0 4.0 25.2 69.2 70.5 210.5 42.8 82.0 33.3 10.0 23.2 0.0 
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Day 
1 
2 
3 
4 
5 

Total 

DIANA -- 

Latitude 36'40' N. Longitude 44O33' E. Elevation 700 m .  

H. S. I. 8-inch-diameter non-automatic gage 
Bendix 8-inch-diameter automatic weighing gage 

Daily precipitation in  mi l l imeters ,  water year  1958- 1959 

Ma June ~ u g ,  Sept. Oct. Nov. Dec. Jan. Feb. Mar .  APT* 3 - 
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DIWANIYA 

Latitude 3 1°51 N. Longitude 44O51' E. Elevation 20 m .  

Bendix 8-inch-diameter automatic weighing gage 
Daily precipitation in mil l imeters ,  water  year  1957-1958 

~ a y  ~ u g .  Sept. Oct. Nov. Dec. Jan. Feb. Mar.  A P ~ .  May June july 

Total 
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DIWANIYA 

Latitude 31°51t N. Longitude 44O51' E .  Elevation 20 m .  

Bendix 8-inch-diameter automatic weighing gage 
Daily precipitation i n  mi l l imeters ,  water  year  1958- 1959 

3 Aug. Sept. Oct. Nov. Dec. Jan. Feb. Mar.  Apr. May June July 

1 - - - 
2 - - - 
3 - - - 
4 11.0 - - 
5 2.0 17.0 - 

Total 
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DOKAN 

Latitude 35O57' N. Longitude 44O58' E. Elevation 535 

H. S. I. 8-inch-diameter non-automatic gage 
Bendix 8-inch-diameter automatic weighing gage 

Daily precipitation in  mi l l imeters ,  water  y e a r  1956-1957 

Day Aug. Sept. Oct. Nov. Dec. Jan.  Feb. Mar .  Apr. May June July 

1 - 23.5 5.0 - 
2 - 2.0 0.5 - 
3 5.0 13.0 2.0 - 
4 36.0 - T 1.5 
5 54.0 - 1.0 11.5 

Total 
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DOKAN 

Latitude 35O57' N. Longitude 44O58' E. Elevation 535 m .  

H. S. I. 8-inch-diameter non-automatic gage 
Bendix 8-inch-diameter automatic weighing gage 

Daily precipitation in mi l l imeters ,  water  yea r  1957- 1958 

Day Aug. Sept. Oct. Nov. Dec. Jan.  Feb. Mar .  Apr. May June July 

1 - T - 0.3 - - - - - 15.0 
2 - - 2.5 0.3 13.0 - 7.5 3.5 - - 
3 - - 7.0 - 14.0 - 2.5 - - - 
4 - - - 14.0 29.5 - - - - - 
5 - - 1.0 2.0 29.0 8.0 T 8.0 - - 

26 - - - - - - - - - - 
2 7 - - - - - 1.5 - - - - 
28 - - - - - 1.0 - T - 3.0 
29 - 3.0 - T - 10.0 T - 9.0 

30 - - - 0.5 - 18.0 T - - 
3 1 - - - 6.0 - - - - - - - - - - - - 

Total  T 11.5 79.0 46.1 232.0 40.5 50.5 22.5 12.5 
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DOKAN 

Latitude 35O57' N. Longitude 44O58' E. Elevation 535 m. 

H. S. I. 8-inch-diameter non-automatic gage 
Bendix 8-inch-diameter automatic weighing gage 

Daily precipitation in millimeters, water year 1958- 1959 

~ a y  Aug. Sept. Oct. Nov. Dec. Jan. Feb. Mar. &. May June July 

Total 
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FATHA 

Latitude 35O03' N. Longitude 43O34' E. Elevation 120 m.  

H. S. I. 8-inch-diameter non-automatic gage 
Daily precipitation in  mi l l imeters ,  water  y e a r  1956-1957 

Day Aug. Sept. Oct. Nov. Dec. Jan.  Feb. M a r .  Apr. May - June 

1 3.0 - 12.0 - - - 
2 - 1.5 3.5 - - - 
3 - 3.6 - - - - 
4 - 25.2 - - 1.6 - 
5 - 17.3 - - T - 

Total 
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FATHA 

Latitude 35O03' N. Longitude 43O34' E. Elevation 120 m. 

H. S. I. 8-inch-diameter non-automatic gage 
Daily precipitation in mi l l imeters ,  water  year  1957-1958 

~ a y  A U ~ .  Sept. Oct. Nov. Dec. Jan. Feb. Mar .  Apr. May June July 

26 - - - - - - - - 
27 - - T - - - T - - 
28 - - 5.0 - - - - - - 

- 2 9 - - T - - 2.0 - 
30 - - 7.0 - - - - - 
3 1 - - 1.0 - T - ---- - --- - 

Total 2.0 19.0 44.0 3.5 8.3 T 3.8 0.0 0.0 
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FATHA 

Latitude 35O03' N. Longitude 43O34' E. Elevation 120 m .  

H. S. I. 8-inch-diameter non-automatic gage 
Daily precipitation in mi l l imeters ,  water  yea r  1958- 1959 

Day Aug. Sept. Oct. Nov. Dec. Jan. Feb.  Mar. Apr. May June July ----- 
1 - - - - - 
2 - - - T - 
3 - - - T T 
4 - - - 6.2 - 
5 - - - 8.5 - 

2 6 - - - - - 
27 - - - - - 
2 8 - - - - - 
29 - - - T - 
30 - - - 1.5 T 
3 1 - - - - - --- 

Total 0.0 0.0 0.0 16.2 23.0 
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Latitude 36O37' N. Longitude 44O49' E. Elevation 1100 m. 

H. S. I. 8-inch-diameter non-automatic gage 
Daily precipitation in  mi l l imeters ,  water  yea r  1956- 1957 

Day Aug. Sept. Oct. Nov. Dec. Jan.  Feb. Mar.  Apr. May June July- ------ 
1 - - - 8.5 
2 - 23.0 - - 
3 - - 21.0 - 
4 - - 56.7 - 
5 2.0 - 45.0 - 

Total 
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GALALA 

Latitude 36O371 N. Longitude 44O49' E.  Elevation 1100 m. 

H. S. I. 8-inch-diameter non-automatic gage 
Daily precipitation in mil l imeters ,  water  year  1957- 1958 

Oct. Nov. Dec. Jan. Feb. Mar .  Apr. May June July & A u g . S e p t .  - - - -  
1 25.0 - - - - 
2 10.0 10.0 - 9.5 - 
3 - 10.0 - - 4.5 
4 - 6.0 - - - 
5 - 5.0 26.0 - - 

Total 
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GALALA 

Latitude 36'371 N. Longitude 44O49' E. Elevation 1100 m. 

H. S. I. 8-inch-diameter non-automatic gage 
Daily precipitation in mil l imeters ,  water yea r  1958-1959 

~ a y  Aug. Sept. Oct. Nov. Dec. Jan. Feb. Mar.  Apr. May June July 

1 - 
2 - 
3 - 
4 - 
5 - 

Total 
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HALABJA 

Latitude 35O10' N. Longitude 460001 E. Elevation 730 m. 

H. S. I. 8-inch-diameter non-automatic gage 
Daily precipitation in  mi l l ime te r s ,  water  yea r  1956- 1957 

3 -. Sept. Oct. Nov. Dec. Jan. Feb. Mar .  Apr. May June July 

1 - - 17.5 

2 - - 12.0 

3 - - 8.0 

4 - - 10.0 

5 - - - 

Total 
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HALABJA 

Latitude 350101 N. Longitude 46O00' E.  Elevation 730 m .  

H. S. I. 8-inch-diameter non-automatic gage 
Daily precipitation i n  mi l l imeters ,  water  yea r  1957-1958 

Day Aug. Sept. Oct. Nov. Dec. Jan. Feb. M a r .  Apr. May June July 

1 - 10.3 - - - - 
2 - - - 7.5 - 
3 - - 4.1 - 26.0 

4 - - 60.6 - - 
5 - 28.6 4.2 - - 

3 1 

Total 
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HALABJA 

Latitude 350101 N. Longitude 46O00' Elevation 730 m .  

H. S. I. 8-inch-diameter non-automatic gage 
Daily precipitation in mil l imeters ,  water year  1958- 1959 

~ a y  Aug. Sept. Oct. Nov. Dec. Jan. Feb. Mar .  Apr. May June July 

1 - - 
2 - - 
3 - - 
4 - - 
5 - - 

Total 
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IFRAZ 

Latitude 36O23' N. Longitude 43O48' E. Elevation 285 m. 

H. S. I. 8-inch-diameter non-automatic gage 
Daily precipitation in mi l l imeters ,  water  yea r  1956-1957 

--- Jan. Feb. Mar .  Apr. May June July Day Aug. Sept. Oct. Nov. Dec. 

1 - - 7.2 0.4 - - 
2 14.0 0.1 3.1 2.4 - - 
3 - T 8.2 - - - 
4 1.1 17.8 - - - - 
5 - 25.4 - - 10.2 - 

Total 
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IFRAZ 

Latitude 36O23' N. Longitude 43O48' E. Elevation 285 m .  

H. S. I. 8-inch-diameter non-automatic gage 
Daily precipitation in mi l l imeters ,  water  year  1957- 1958 

A U ~ .  Sept. Oct. Nov. Dec. Jan.. Feb. Mar .  Apr.  May June -- 

Total 3.2 0.0 12.7 64.3 66.6 105.5 14.1 22.3 6.1 1.3 
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IFRAZ 

Latitude 36O23' N. Longitude 43'48' E. Elevation 285 m .  

H.S. I. 8-inch-diameter non-automatic gage 
Daily precipitation in  mi l l ime te r s ,  water  year  1958-1959 

Day Aug. Sept. Oct. Nov. Dec. Jan .  Feb .  Mar .  Apr. May June  July - - --------- 

Total  
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Latitude 3?$O58' N. Longitude 43'20' E. Elevation 150 m .  

Bendix 8-inch-diameter automatic weighing gage 
Daily precipitation in  mi l l imeters ,  water year  1957- 1958 

~ a y  Aug. Sept. Oct. Nov. Dec. Jan. Feb. Mar.  Apr. May June July 

2 6 
27 
2 8 
2 9 
30 
3 1 

Total 
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Latitude 34'58' N. Longitude 43O20' E .  Elevation 150 m .  

Bendix 8-inch-diameter automatic weighing gage 
Daily precipitation in mi l l imeters ,  water  year  1958-1959 

Day Aug. Sept. g. Nov. Dec. Jan.  Feb. Mar .  Apr. May June July - ----- 
1 - - - - - 
2 - - - - - 
3 - - - - 1.0 
4 - - - T - 
5 - - - 11.2 - 

Total 0.0 0.0 0.0 15.5 25.1 
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KANI SPIKA 

Latitude 35O31' N. Longitude 45O53' E .  Elevation 1080 m. 

H. S. I. 8-inch-diameter non-automatic gage 
Daily precipitation in  mi l l imeters ,  water  year  1956- 1957 

Oct. Nov. Dec. Jan.  Feb.  Mar.  Apr. May June July Day Aug. Sept. - - - - - - - - - - 
1 - 31.0 3.0 
2 - 17.0 7.0 
3 - - 40.0 2.0 
4 - 8.0 - - 
5 - 30.0 - 14.0 

Total 
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KANI SPIKA 

Latitude 350318 N. Longitude 45'53' E. Elevation 1080 m. 

H. S. I. 8-inch-diameter non-automatic gage 
Daily precipitation in  mi l l imeters ,  water  yea r  1957- 1958 

3 A U ~ .  Sept. Oct. Nov. Dec. Jan. Feb. Mar .  A P ~ .  May June July 

1 - 10.0 - - - - - 6.9 - 
2 - - - - - - - 1.2 - 
3 - - 21.0 - 9.0 10.0 - - 
4 11.7 - 49.0 - - - - - - 
5 4.0 35.0 8.0 - - - - - - 

3 1 

Total 
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KANI SPIKA 

Latitude 3503 1 ' N. Longitude 45O53' E. Elevation 1080 m.  

H. S. I. 8-inch-diameter non-automatic gage 
Daily precipitation in mi l l imeters ,  water  yea r  1958- 1959 

Day Aug. Sept. Oct. Nov. Dec. Jan.  Feb. Mar. Apr. May June July - - - - - - - 

26 - 
27 T 
28 - 
29 - 
30 - 
31 - - - 

Total T 
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KHANAQIN 

Latitude 34'181 N. Longitude 45O26' E.  Elevation 201 m.  

Bendix 8-inch-diameter automatic weighing gage 
Daily precipitation in mil l imeters ,  water year  1957-1958 

~ a y  ~ u g .  Sept. Oct. Nov. Dec. Jan. Feb. Mar. 19pr. May June July 

Total 
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KHANAQIN 

Latitude 34O18' N. Longitude 45O26' E .  Elevation 201 m .  

Bendix 8-inch-diameter automatic weighing gage 
Daily precipitation in  mi l l imeters ,  water  yea r  1958- 1959 

Aug. Sept. Oct. Nov. Dec. Jan. Feb. M a r .  Apr.  May June July -- 
1 - - 
2 - - 
3 - - 
4 - - 
5 22.0 - 

Total 
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KIFRI 

Latitude 34O42' N. Longitude 44O58' E. Elevation 210 m. 

H. S. I. 8-inch-diameter non-automatic gage 
Daily precipitation in mil l imeters ,  water year  1956- 1957 

Day Aug. Sept. Oct. Nov. Dec. Jan. Feb. Mar.  Apr. May June July ------ 
1 12.5 - - - - 
2 - - 2.8 5.5 - 
3 - - 16.3 - - 
4 - - 11.5 2.3 - 
5 1.2 6.0 - 6.2 - 

Total 



Annex A-9 
Sheet 40 of 78 

KIFRI 

Latitude 34042' N. Longitude 44O58' E. Elevation 210 m. 

H. S. I. 8-inch-diameter non-automatic gage 
Daily precipitation in mi l l imeters ,  water  yea r  1957-1958 

Day Aug. Sept. Oct. Nov. Dec. Jan.  Feb. M a r .  Apr.  May June July --------- 
1 - - - - - - 3.0 - 
2 - - - 0.6 - - - - 
3 - 6.0 - - - - - - 
4 - 54.0 - - - - - - 
5 34.0 - - - - 4.0 - - 

2 6 
2 7 
2 8 
2 9 
30 
3 1 

Total 
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KIFRI 

Latitude 34042' N. Longitude 44O58' E. Elevation 210 m. 

H. S. I. 8-inch-diameter non-automatic gage 
Daily precipitation in millimeters, water year 1958-1959 

~ a y  Aug. Sept. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June - 

Total 
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KIRKUK - H. S. I. 

Latitude 35O28' N. Longitude 44O24' E. Elevation 320 m. 

H. S. I. 8-inch-diameter non-automatic gage 
Bendix 8-inch-diameter automatic weighing gage 

Daily precipitation in  mi l l imeters ,  water  yea r  1956- 1957 

Day Aug. Sept. Oct. Nov. Dec. Jan. Feb.  * ~ r .  - 
1 - - 
2 - 
3 - - 
4 4.4 28.0 
5 11.7 22.0 

Total 

Ma June 2- July - C* 
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KIRKUK - H. S. I. 

Latitude 35O28' N. Longitude 44'24' E. Elevation 320 m. 

H. S. I. 8-inch-diameter non-automatic gage 
Bendix 8-inch-diameter automatic weighing gage 

Daily precipitation in millimeters, water year 1957- 1958 

Day Aug. Sept. 02. Nov. Dec. Jan. Feb. Mar. Apr. May june July 

Total 
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KIRKUK - H. S. I. 

Latitude 35O28' N. Longitude 44'24' E.  Elevation 320 m .  

H. S. I. 8-inch-diameter non-automatic gage 
Bendix 8-inch-diameter automatic weighing gage 

Daily precipitation in mil l imeters ,  water year  1958-1959 

Day Aug. Sept. Oct. Nov. Dec. Jan. Feb. Mar .  Apr. May June July - - - - - - - -- 
1 - - - - - - 
2 - - - - - - 
3 - - - T 3.0 - 
4 - 9.0 2.0 - 
5 - - - 36.5 - - 

3 1 - - - - - - - ---  
Total 0.0 0.0 0.0 50.3 65.1 8.6 
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KO1 SANJAK - 

sti 

Day 

.p 1 
2 

MJ Total 

Latitude 36'05' N. Longitude 44O48' E. Elevation 610 m. 

H. S. I. 8-inch-diameter non-automatic gage 
Daily precipitation i n  mi l l imeters ,  water  yea r  1956-1957 

~uq;. Sept. Oct. Nov. Dec. Jan. Feb. Mar .  Apr. May June July 

5.4 4.0 10.0 - - 
51.0 - 14.0 3.0 - 

- - 18.0 4.0 - 
- 12.3 - 7.0 3.0 

5.0 29.5 - - 4.0 
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KO1 SANJAK - 
Latitude 36O05' N. Longitude 44O48' E. Elevation 610 m .  

H. S. I. 8-inch-diameter non-automatic gage 
Daily precipitation in mi l l imeters ,  water  yea r  1957-1958 

Sept. Oct. Nov. Dec. Jan.  Feb. Mar .  Apr. May June July Day& - - - - -- - --- 
1 - 8.0 - 6.8 - - - 
2 7.0 5.0 16.0 - 6.0 - - 
3 - 3.0 22.0 - - - - 
4 5.0 3.0 38.0 - - 11.0 - 
5 - 5.0 - - - - - 

2 6 
2 7 
28 
2 9 
30 
3 1 

Total 
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KO1 SANJAK - 
Latitude 36O05' N. Longitude 44O48' E. Elevation 610 m .  

H. S. I. 8-inch-diameter non-automatic gage 
Daily precipitation in  mil l imeters ,  water  year  1958- 1959 

Day Aug. Sept. Oct. Nov. Dec. Jan. Feb. Mar.  Apr. May June July ------ 

Total 
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MAKHMUR 

Latitude 35O46' N. Longitude 45'35' E. Elevation 270 m .  

H. S. I. 8-inch-diameter non-automatic gage 
Daily precipitation in mil l imeters ,  water year  1956- 1957 

~ a y  A U ~ .  Sept. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June July 

1 2.3 - 6.0 9.0 

2 - - - 4.0 

3 - 6.0 3.0 - 
4 - 23.0 - - 
5 - 26.0 - - 

2 6 
27 
2 8 
2 9 
30  
3 1 

Total 
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MAKHMUR 

Latitude 35O46' N. Longitude 45O35' E.  Elevation 270 m .  

H. S. I. 8-inch-diameter non-automatic gage 
Daily precipitation in  mi l l imeters ,  water  year  1957- 1958 

Day Aug. Sept. Oct. Nov. Dec. Jan. Feb. Mar .  Apr. May June July ------ 

Total 
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MAKHMUR 

Latitude 35O46' N. Longitude 45035' E.  Elevation 270 m.  

H. S. I. 8-inch-diameter non-automatic gage 
Daily precipitation in  mi l l imeters ,  water  year  1958- 1959 

Sept. Oct. Nov. Dec. Jan.  Feb. Mar .  _Apr. May June July D a y A u g .  ------ 
1 - - 
2 - 1.3 
3 - 
4 - - 
5 - - 

Total 
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MERGA SOOR 

Latitude 36O50' N. Longitude 44O19' E .  Elevation 1170 m. 

H. S. I. 8-inch-diameter non-automatic gage 
Daily precipitation in mil l imeters ,  water year  1957- 1958 

~ a y  ~ u g .  Sept. Oct. Nov. Dec. Jan. Feb. Mar.  Apr. May June 

26 
27 
2 8 
29 
30 
3 1 

Total 
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MERGA SOOR 

Latitude 360501 N. Longitude 44'19' E. Elevation 1170 m .  

H. S. I. 8-inch-diameter non-automatic gage 
Daily precipitation in  mi l l imeters ,  water  year  1958-1959 

Oct. Nov. Dec. Jan.  Feb. Mar .  A .  May June July DayAug.Sept . - , - . - - - - -  
1 - - - 
2 - 2.5 - 
3 11.0 - - 
4 14.0 - - 
5 17.0 - - 

Total 
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MOSUL 

Latitude 36O19'N. Longitude 43'09' E. Elevation 223 m. 

Bendix 8-inch-diameter automatic weighing gage 
Daily precipitation in  mil l imeters ,  water year  1957-1958 

~ a y  Aug. Sept. Oct. Nov. Dec. Jan. Feb. Mar.  Apr. June July - 

26 
27 
2 8 
29 
3 0 
3 1 

Total 
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MOSUL 

Latitude 36O19' N . Longitude 43O09' E. Elevation 223 m 

Bendix 8-inch-diameter automatic weighing gage 
Daily precipitation in  mil l imeters ,  water year  1958- 1959 

D~~ A U ~ .  Sept. Oct. Nov. Dec. Jan. Feb. Mar .  A P ~ .  May June 9 - 
1 - - - 
2 - - - 
3 1.0 14.0 - 
4 - - - 
5 8.0 - - 

Total 
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Day Aug. - 
1 
2 
3 
4 
5 

QADIR KARAM 

Latitude 35O11' N. Longitude 44'53' E. Elevation 380 m .  

H. S. I. 8-inch-diameter non-automatic gage 
Daily precipitation in  mi l l imeters ,  water  yea r  1956-1957 

Total 

Oct. Nov. Dec. Jan.  Feb.  - - -  Mar.  Apr. May June July - 
16.4 21.5 T - 
- 12.0 9.7 - 
- 9.0 2.8 - 

17.6 - - T 
8.6 - 5.3 T 
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QADIR KARAM 

Latitude 35O11' N. Longitude 44O53' E. Elevation 380 m .  

H. S. I. 8-inch-diameter non-automatic gage 
Daily precipitation in mil l imeters ,  water year  1957-1958 

~ a y  Aug. Sept. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June July 

Total 
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QADIR KARAM 

Latitude 35O11' N. Longitude 44O53' E. Elevation 380 m .  

H. S. I. 8-inch-diameter non-automatic gage 
Daily precipitation in  mi l l imeters ,  water  yea r  1958-1959 

Day Sept. Oct. Nov. Dec. Jan. Feb. M a r .  Apr.  May June July 

26 - - - - - - 
27 - - - - - 
2 8 - - - - - - 
2 9 - - - 68.0 - - 
30 - - - 15.0 - 40.0 

3 1 - - - - - ----- 
Total 0.0 0.0 0.0 320.0 95.3 110.0 
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QARA DAGH 

Latitude 35'18' N. Longitude 45'23' E. Elevation 830 m .  

H. S. I. 8-inch-diameter non-automatic gage 
Daily precipitation in  mi l l imeters ,  water year  1957-1958 

Day Aug. Sept. Oct. Nov. Dec. Jan. Feb. Mar .  Apr.  May June July --------- 
1 - - - 
2 - - - 
3 - - 
4 - - - 
5 - - - 

26 
27 
2 8 
2 9 
30 
3 1 

Total 
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QARA DAGH 

Latitude 35O18' N. Longitude 45O23' E. Elevation 830 m. 

H. S. I. 8-inch-diameter non-automatic gage 
Daily precipitation in mil l imeters ,  water year  1958-1959 

Day Aug. Sept. Oct. Nov. Dec. Jan. Feb.  Mar.  Apr. May June July ------ -- 
ir) 

rrl Total 
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RAML 

Latitude 34O57' N. Longitude 44°01r E. Elevation 200 m 

H. S .  I. 8-inch-diameter non-automatic gage 
Daily precipitation in  mi l l imeters ,  water year  1956-1957 

May June July_ ~ a y  A U ~ .  Sept. Oct. Nov. Dec. Jan. Feb.  Mar .  A P ~ .  

1 - - 11.0 7.0 - - 
2 - - 12.0 - - - 
3 - - T - - - 
4 - 22.0 3 .0  - - - 
5 - 15.0 - - - - 

Total 
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RAM L 

Latitude 34O57' N. Longitude 44°01t E. Elevation 200 m .  

H. S. I. 8-inch-diameter non-automatic gage 
Daily precipitation in  mi l l imeters ,  water  yea r  1957-1958 

Day Aug. Sept. Oct. Nov. Dec. Jan.  Feb. Mar .  Apr.  May June July 

26 - - - - - - - - - - - - 
27 - - - - - - - - - - - - 
2 8 - - - - - - - - - 2.0 - - 

- 2 9 - - - - - 16.0 - - T - 
3 0 - - - - - 6.0 T - - - - 
3 1 - - - - - - - - - - - - - - - - - - - 

Total 0.0 0.0 0.0 4.2 16.0 52.0 6.0 17.0 8.0 5.0 1.0 0.0 
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Day 
1 
2 
3 
4 
5 

Total 

RAM L ba, 

Latitude 34057' N. Longitude 44O01' E. Elevation 200 m .  

H. S. I. 8-inch-diameter non-automatic gage 
Daily precipitation in mi l l imeters ,  water  year  1958- 1959 

A U ~ .  Sept. Oct. Nov. Dec. Jan. Feb. Mar .  Apr. May June July 
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RUTBA 

Latitude 33O02' N. Longitude 4 0 ~ 1 7 '  E. Elevation 640 m. 

Bendix 8-inch-diameter automatic weighing gage 
Daily precipitation in mil l imeters ,  water year  1957- 1958 

~ a y  Aug. Sept. Oct. Nov. Dec. Jan. Feb. Mar .  Apr. May June July ----- 
1 - - - - - 
2 10.0 - 1.0 - - 
3 - - - - - 
4 - - - - - 
5 2.0 - - - - 

2 6 
27 
2 8 
2 9 
30 
3 1 

Total 
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RUTBA 

Latitude 33O02' N. Longitude 40'17' E. Elevation 640 m .  

Bendix 8-inch-diameter automatic weighing gage 
Daily precipitation in  mi l l imeters ,  water year  1958-1959 

~ a y  A U ~ .  Sept. Oct. Nov. Dec. Jan. Feb.  Mar .  APT. May June 

2 6 
27 
28 
2 9 
3 0 
3 1 

Total 
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RUWANDU Z 

Latitude 36O37' N. Longitude 44O32' E. Elevation 690 m .  

H. S. I. 8-inch-diameter non-automatic gage 
Daily precipitation in mil l imeters ,  water year  1956-1957 

Oct. Nov. Dec. Jan. Feb. Mar.  Apr. May June 3 D a y * % - - - - - -  
1 6.0 - 
2 1.0 10.0 

3 7.0 1.5 

4 - 10.0 

5 - - 

Total 
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RUWANDUZ 

Latitude 36O37' N. Longitude 44O32' E. Elevation 690 m. 

H. S. I. 8-inch-diameter non-automatic gage 
Daily precipitation in mi l l imeters ,  water  yea r  1958-1959 

~ a y  ~ u g .  Sept. Oct. Nov. Dec. Jan. Feb.  Mar. & May June - 
1 - - 
2 - - 
3 - 14.5 
4 10.0 - 
5 18.0 2.5 

Total  
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ilw SHAQLAWA 

Latitude 36O24' N. Longitude 44O20' E. Elevation 970 m. 

H. S. I. 8-inch-diameter non-automatic gage 
Bendix 8-inch-diameter automatic weighing gage 

Daily precipitation in  mi l l imeters ,  water  yea r  1957-1958 

13 
Day %. Sept. Oct. Nov. Dec. Jan.  Feb. Mar .  Apr. May June Ju ly  ------ 

1 - - - - - - 5.0 - 
2 - 20.0 - 8.0 2.0 T - - 

li 3 - 4.5 - - - - - - 
4 32.6 11.0 - - - - 8.0 - 

rP 5 10.0 6.5 - - 2.0 - - - 

2 8 
.* 29 

30 
3 1 

4* 

Total 
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SHAGLAWA 

Latitude 36O24' N. Longitude 44O20' E. Elevation 970 m .  

H. S. I. 8-inch-diameter non-automatic gage 
Bendix 8-inch-diameter automatic weighing gage 

Daily precipitation in  mi l l imeters ,  water  yea r  1958- 1959 

~ a y  A U ~ .  Sept. Oct. Nov. Dec. Jan. Feb.  Mar .  Apr. May June July 

1 - - - - 
2 - - - - 
3 - 2.0 12.0 - 
4 - 7.0 1.0 - 
5 - 19.0 1.0 4.0 

Total  
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SIDEKAN 

Latitude 36O47' N. Longitude 44O40' E. Elevation 1000 m .  

H. S. I. 8-inch-diameter non-automatic gage 
Daily precipitation in  mil l imeters ,  water year  1957-1958 

Day Aug. Sept. Oct. Nov. Dec. Jan. Feb. Mar .  Apr. May June July ------ 

Total 
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Day 
1 
2 
3 
4 
5 

Total 

SIDEKAN 

Latitude 36O47' N. Longitude 440401 E.  Elevation 1000 m .  

H. S. I. 8-inch-diameter non-automatic gage 
Daily precipitation i n  mi l l imeters ,  water  yea r  1958-1959 

A .  Sept. Oct. Nov. Dec. Jan.  Feb.  Mar .  A .  May June ---- - 
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SULAIMANIYA 

Latitude 35'33' N. Longitude 45O27' E. Elevation 890 m.  

Bendix 8-inch-diameter automatic weighing gage 
Daily precipitation in mil l imeters ,  water year  1957- 1958 

Day Aug. Sept. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June July ----- 

Total 
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Latitude 3401 2'  N. Longitude 41°20' E. Elevation 300 m. 

Bendix 8-inch-diameter automatic weighing gage 
Daily precipitation i n  mi l l ime te r s ,  water  yea r  1957- 1958 

Day Aug. Sept. Oct. Nov. Dec. Jan.  Feb. M a r .  Apr. May June July 

Total 
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Latitude 34O12' N. Longitude 41°20' E. Elevation 300 m .  

Bendix 8-inch-diameter automatic weighing gage 
Daily precipitation in  mil l imeters ,  water  year  1958-1959 

Day A U ~ .  Sept. Oct. Nov. Dec. Jan. Feb. Mar.  A P ~ .  June ?2!L - 
1 - - - - 
2 - - - - 
3 - - - - 
4 - - - - 
5 - - - - 

2 6 
27 
2 8 
2 9 
30 
3 1 - 
Total 
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TAQ TAQ -- 
Latitude 35'53' N. Longitude 44035' E. Elevation 370 m .  

H. S. I. 8-inch-diameter non-automatic gage 
Daily precipitation in  mi l l imeters ,  water  yea r  1956- 1957 

~ a y  ~ ~ g .  Sept. Oct. Nov. Dec. Jan. Feb. M a r .  Apr. .?& 
1 18.0 - 12.0 - - 
2 - - 8.0 - - 
3 - 4.0 7.0 - - 
4 6.0 40.0 8.0 T - 
5 - 28.0 - - 1.0 

Total  

July - 
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TAQ TAQ -- 

Latitude 35O53' N. Longitude 44O35' E. Elevation 370 m. 

H. S. I. 8-inch-diameter non-automatic gage 
Daily precipitation in mi l l imeters ,  water  y e a r  1957- 1958 

~ a y  Aug. Sept. Oct. Nov. Dec. Jan.  Feb. M a r .  Apr. May June J* 

1 - - - 1.0 - - - - - 4.0 - 
2 - - T - 8.5 - 8.0 3.0 - - - 
3 - - - - 6.0 - - - - 2.0 - 
4 - - - - 38.0 - - - - - - 
5 - T - 9.0 39.0 2.0 - - - - - 

2 6 - - - 
27 - - - 
2 8 - - - 
29 - - - 
30 - - - 
3 1 - - - - -  
Total T T 3.0 
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TAQ TAQ -- 

Latitude 35O53' N. Longitude 44O35' E. Elevation 370 m .  

H. S. I. 8-inch-diameter non-automatic gage 
Daily precipitation in  mi l l imeters ,  water  yea r  1958- 1959 

~ a y  ~ u g .  Sept. Oct. Nov. Dec. Jan. Feb. M a r .  Apr. May June 

1 - - - - - 
2 - - - - - 
3 - - - 2.0 7.5 

4 - - - 3.0 0.4 
5 - - - - 2.0 

26 - 
27 - 
28 - 
29 - 
30 - 
3 1 - - 

Total 0.0 

July 
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TUSAN 

Latitude 37O00' N. Longitude 42O28' E. Elevation 380 m. 

H. S. I. 8-inch-diameter non-automatic gage 
Bendix 8-inch-diameter automatic weighing gage 

Daily precipitation in  mi l l imeters ,  water  y e a r  1957-1958 

Day Aug. Sept. Oct. Nov. Dec. Jan.  Feb. Mar .  Apr. May June Ju!y 

1 - - - - - - 0.7 - 
2 T 18.2 - 11.1 - 1.0 - - 
3 31.0 7.9 - - - - 1.9 - 
4 2.0 11.2 T 3.7 - - - - 
5 3.0 7.3 5.0 - - - - - 

26 
27 
2 8 
29 
30 
3 1 

Total  
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TUSAN 

Latitude 37°00' N. Longitude 42O28' E. Elevation 380 m .  

H. S. I. 8-inch-diameter non-automatic gage 
Bendix 8-inch-diameter automatic weighing gage 

Daily precipitation in  mi l l imeters ,  water  yea r  1958- 1959 

~ a y  Sept. Oct. Nov. Dec. Jan. Feb. Mar .  *pr. .!&Y 

2 6 - - - - - - 
27 - - - - - - 
2 8 - - - - - - 
2 9 - - - - 0.8 1.1 

30 - - - - - 0.5 

3 1 - - - T ------ 
Total  0.0 0.0 1.5 23.2 108.8 50.0 
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ANNEX A- 10 

TEMPERATUREDATA 

TWO-HOURLY TEMPERATURE AT DIANA 

November 1957 

Temperature in degrees centigrade 

Forenoon Afternoon 

Day - 2 - 4 - - 6 - 8 - 10 12 2 - 4 - 6 - 8 - 
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TWO-HOURLY TEMPERATURE AT DIANA bri 

December 1957 - 
Temperature in degrees centigrade 

Forenoon Afternoon 

Day - 2 - 4 - 6 - 8 - 10 12 - - - - 2 - 4 - 6 - 8 - 10 12 
iii 

1 9 9 9 9 12 16 16 15 12 12 9 8 
2 7 7 5 6 8 9 12 12 11 11 10 10 

3 9 9 9 9 9 12 15 17 13 11 10 9 k 

4 8 7 7 5 7 8 9 9 8 8 8 8 
5 8 7 7 7 8 10 11 11 10 9 8 8 WY 

Maximum temperature of 17OC. 
Minimum temperature of - 8 ' ~ .  

occurred 3 December at  1600 hours. 
occurred 30 December at  0600 hours. 



Day 
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TWO-HOURLY TEMPERATURE AT DIANA 

January 1958 

Temperature in degrees centigrade 

Forenoon Afternoon 
2 - 4 - 6 - 8 - 10 12 - 2 - 4 - 6 - 8 - 

Maximum temperature of lZ°C. occurred 25 January a t  1400 hours. 
Minimum temperature of - 1 O°C. occurred 31 January at 2400 hours. 
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TWO-HOURLY TEMPERATURE AT DIANA 

Februa ry  1958 - 
u*, 

Tempera ture  i n  degrees  centigrade 

Forenoon Afternoon ~i.) 

Day - 2 - 4 - - 6 - 8 - 10 12 2 - 4 - 6 - 8 - 10 12 - 

Maximum tempera ture  of 2 2 ' ~ .  occur red  28 Februa ry  at 1400 hours .  w 

Minimum tempera ture  of -150C. occurred  3 Februa ry  a t  0200, 0400, and 0600 hours .  
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TWO-HOURLY TEMPERATURE AT DIANA 

March  1958 - 
Temperature  i n  degrees  centigrade 

Forenoon Afternoon 

Day - 2 - 4 - 6 - 8 - 10 - 12 2 - 4 - 6 - 8 - 
1 7 5 5 8 14 19 22 20 15 13 
2 7 5 5 9 13 14 14 12 10 9 
3 8 8 7 9 8 11 10 12 11 10 
4 5 3 2 4 10 14 15 17 12 11 
5 7 7 6 9 12 14 16 15 13 11 

Maximum tempera ture  of 26OC. occurred 21 March  at 1400 hours. 
Minimum tempera tu re  of -3%. occurred  7 March  at 0500 hours.  
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TWO-HOURLY TEMPERATURE AT DIANA 

Day 

A ril 1958 P- 

Tempera ture  i n  degrees  centigrade 

Forenoon Afternoon 
4 - 6 - 8 - 10 12 - - - - 2 - 4 - 6 - 8 - 10 12 

9 8 10 16 20 24 25 20 16 15 13 
11 11 13 18 20 21 23 22 19 15 13 
10 9 12 17 20 23 22 18 16 13 11 
7 7 13 18 20 18 18 15 13 10 8 
6 5 12 18 16 15 9 8 6 5 4 

Ll 

WI 

%I. 

C- 

lid 

h, 

i;l 

*I 

l l ,  

Maximum tempera ture  of 33OC. occurred  27 Apri l  at 1500 hours.  
Minimum tempera ture  of 1°C. occurred  6 Apri l  at 0600 hours .  
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TWO-HOURLY TEMPERATURE AT DIANA 

Temperature in degrees centigrade 

Forenoon Afternoon 

Day - 2 - 4 - 6 - 8 - - - - - 10 12 2 - 4 - 6 - 8 10 12 

1 9 8 7 15 20 24 25 25 21 19 18 17 
2 12 9 10 17 22 24 25 23 19 18 15 14 
3 13 11 10 12 15 18 20 20 17 14 12 11 
4 8 7 7 14 20 21 22 20 19 15 14 13 
5 10 9 9 21 18 16 13 11 

Maximum temperature of 36OC. occurred 16 May at  1400 hours and 25 May a t  1200 
hours. 

Minimum temperature of 6OC. occurred 6 May at  0600 hours. 
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TWO-HOURLY TEMPERATURE AT DIANA 

June 1958 -- 

Day - 2 

1 20 
2 15 
3 18 
4 18 
5 15 

Temperature in  degrees centigrade 

Forenoon 
6 - 8 - 

19 24 
13 16 
19 23 
19 25 
16 21 

Afternoon 
6 - 8 - 

21 20 
27 24 
30 26 
22 21 
29 26 

Maximum temperature of 40°C. occurred  26 June a t  1400 hours.  
Minimum tempera ture  of 12%. occurred  2 1  June a t  0400 hours. 
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Day 
1 
2 
3 
4 
5 

TWO-HOURLY TEMPERATURE AT DIANA 

J u l  1958 Y- 

Temperature  i n  degrees  centigrade 

Forenoon Afternoon 
2 - 4 - 6 - 8 - 10 12 - - 2 - 4 - 6 - 8 - 

23 22 23 29 35 37 38 37 34 30 

21 19 21 28 34 37 38 37 34 31 

26 24 25 30 34 36 35 34 30 28 

21 20 22 30 33 35 36 35 32 29 

24 23 27 31 36 36 37 37 34 30 

Maximum tempera ture  of 43OC. occurred  17 and 27 July at 1400 hours.  
Minimum tempera ture  of 1 5 ' ~ .  occur red  12 July at 0600 hours .  
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TWO-HOURLY TEMPERATURE AT DIANA 

August 1958 

Temperature i n  degrees centigrade 

Forenoon Afternoon 

Day - 2 - 4 - - - - 6 - 8 - 10 12 2 - 4 - 6 - 8 - 10 12 

1 23 21 21  26 34 37 39 40 36 34  32 31  
2 28 28 2 8  31  34 36 38 38 35 31  29 29 
3 28 26 27 29 32 35 36 37 33 30 29 27 
4 26 24 24 22 31 35 38 38 35 32 30 28 
5 26 24  23 27 32 35 38 39 37 33 30 28 

Maximum tempera ture  of 420C. 
28 August a t  1400 hours.  

occurred 23 August at 1600 hours  and 24 and 

Minimum tempera ture  of 18OC. 
31 August a t  0600 hours.  

occurred  13 August a t  0400 hours  and 
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TWO-HOURLY TEMPERATURE AT DIANA 

September - 1958 

Temperature in degrees centigrade 

Forenoon Afternoon 

Day - 2 - 4 - 6 - - - - 8 - 10 12 2 0 - 4 - 6 - 8 - 10 12 

1 24 23 21 21 32 37 37 36 33 30 30 25 
2 23 20 19 23 30 32 35 34  31 29 27 26 
3 23 21 19 25 31 34 36 35 31  31  29 25 
4 23 21 20 25 32 35 36 35 32 30 27 24 
5 22 21 19 24 31 35 36 36 33 30 29 26 

Maximum temperature of 38OC. occurred 6 and 14 September at  1400 and 1600 hours. 
Minimum temperature of 13OC. occurred 22 September at 0600 hours. 
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TWO-HOURLY TEMPERATURE AT DIANA 

October 1958 - 
Temperature i n  degrees  centigrade 

Forenoon Afternoon 

Day - 2 - - - - 4 - 8 6 . A  - 10 12 2 - 4 - 6 - 8 - 10 12 

1 19 16 14 19 26 30 32 31 27 25 20 19 
2 17 16 14 18 26 30 31 30 26 25 20 18 
3 15 13 12 16 23 30 31 30 27 26 21 19 
4 17 14 13 17 25 31 31 30 25 23 20 19 
5 16 15 13 17 25 30 32 31 26 23 20 18 

Maximum tempera ture  of 3 4 ' ~ .  occurred 22 October a t  1400 hours.  
Minimum tempera ture  of 3%. occurred  30 October a t  0600 hours.  
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TWO-HOURLY TEMPERATURE AT DIANA 

**a 

lid 

lid 

id 

!d 

ui 

November 1958 - 
Temperature in degrees centigrade 

Forenoon Afternoon 

Day - 2 - 4 - 6 - 8 - - - - 10 12 2 - 4 - 6 - 8 - 10 12 

1 7 6 5 8 15 19 21 19 16 13 11 10 
2 9 7 6 9 15 20 21 20 18 17 15 14 
3 13 12 12 13 18 21 21 21 19 18 16 15 
4 15 15 13 12 15 17 17 16 14 13 14 13 
5 13 12 13 13 14 14 15 12 12 12 12 12 

Maximum temperature of 25OC. occurred 14 November at 1400 hours. 
Minimum temperature of -30C. occurred 23 November at 0400 hours. 



Day - 2 

1 3 
2 0 
3 - 1 
4 4 
5 4 
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TWO-HOURLY TEMPERATURE AT DIANA 

December 1958 - 
Temperature i n  degrees centigrade 

Forenoon Afternoon 
4 - 6 - 8 - 10 12 - - 2 - 4 - 6 - 8 - 10 12 - 
2 4 5 9 10 11 9 7 6 3 2 
0 -1 -1 3 8 10 9 6 4 3 0 
0 0 2 4 7 11 8 6 6 5 4 
3 2 2 2 3 4 4 4 4 4 4 
4 3 4 6 8 9 8 8 7 7 6 

Maximum temperature of 15OC. occurred 8 December a t  0600 and 1400 hours;  
20 December a t  1400 hours.  

Minimum tempera ture  of -2OC. occurred  25 December at 0600 hours.  
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TWO-HOURLY TEMPERATURE AT DIANA 

January 1959 

Temperature i n  degrees centigrade 

Forenoon Afternoon 

Day - 2 - 4 - 6 - - - - 8 - 10 12 2 - 4 - 6 - 8 - 10 12 

1 2 2 1 2 6 11 13 10 8 4 4 2 
2 1 -2 - 1  - 1  6 11 13 9 6 3 1 -1 
3 - 1  -3 - 3  -2  3 7 8 6 5 4 2 1 
4 1 0 - 1  0 6 12 13 10 8 6 4 3 
5 1 0 - 2  - 3 9 12 13 9 8 4 4 

Maximum temperature of 1 7 O ~ .  occurred on 8 January a t  1200 and 1400 hours.  
Minimum tempera ture  of -4OC. occurred on 27 January a t  0600 hours. 
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TWO-HOURLY TEMPERATURE AT DIANA 

February  1959 

Temperature i n  degrees centigrade 

Forenoon Afternoon 

Day - 2 - - 4 - 6 - 8 - 10 12 2 - 4 - 6 - 8 - 
1 3 3 3 4 8 9 8 6 4 4 
2 2 1 1 2 5 10 1 2  11 9 7 
3 3 2 1 2 5 11 1 2  12 9 7 
4 2 1 1 3 6 9 7 6 6 5 
5 1 0 0 2 2 2 3 3 3 2 

2 6 - 2  -2 '  -2  -1 1 1 1 0 0 0 
27 - 2  -2 -3  -1  1 4 6 5 3 2 
2 8 -1  -3 -4 -1 4 7 8 7 3 1 
7; 
Maximum tempera ture  of lZ°C. occurred  on 2 February  at 1400 hours ,  
a t  1400 hours  and 1600 hours ,  and 13 February  a t  1400 hours.  

Minimum temperature of-9OC. occurred on 22 Februa ry  at 0600 hours.  

3 February  
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TWO-HOURLY TEMPERATURE AT HAJJI UMRAN 

A ril 1958 P- 

Temperature  in  degrees  centigrade 

Forenoon Afternoon 

3 - 2 - 4 - 6 - - - - 8 - 10 12 2 - 4 - 6 - 8 - 10 12 
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ANNEX A-1 I 

MONTHLY VALUES O F  TOTAL EVAPORATION 

Total evaporation in  mi l l imeters  

DOKAN TUSAN DIANA 

Year and Month Pan  Reservoir  Pan  Reservoir  P a n  Reservoir  --- - - - 

June 272 (26) 190 
July 394 276 
August 37 8 265 
September 273 191 
October 157 110 
November 64 45 6 2 43 
December 18 13 =20 (21) 14 27 19 

January 
February  
March 
April  

May 
June 
July 
August 
September 
October 
November 
December 

January .L ". .L -,. 58 41 
.L .L 

43 3 0 
February  + + 5 6 3 9 42 

a. 
2 9 

March * -,. 105 74 5 3 3 7 

Notes: 1. Reservoir  evaporation computed by multiplying pan evaporation 
by 0. 7. 

2. * denotes pan out of use  because of i ce  for  all o r  pa r t  of month. 
3. The total number of days of record  for  incomplete months is 

given in brackets.  
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EXHIBIT A - 6  

FOmM 12 

$9 eL.2 * .  JUI >I >L,l 

HYDROLOGICAL SURVEY OF IRAQ 
F I E L D  O B S E R V A T I O N  OF S U S P E N D E D  S E D I M E N T  

................. x.EEEX ..X................ ...................... ~ 1 %  -\-J 

................ ding ~i~~. . /0 '05~~j1 . .0 t .~p1 ;.I> 
.......... in* Time . . ~ / . ? . ~ " . . ~ ~ ~ . . o : . ~ i - i - ~ ~  i s \ >  

Measured discharge ......... ,5379 ..................... 
T~~~ ,,f sampler used +-I1 jQ1 L Y  F . \ el - ..... ...... A .................................... <<>I %<,+ A+? & inch 

3 I- u.5, ~ ~ ~ t h  ~ ~ t ~ ~ ~ ~ t ~ r  .......... &\ J$ & JSJ Jeyi j'&i inch.. .......... e! - \ 1 
................ ~.L-I> G a b> J ~ Y I  j'&l t inch ............ \ 

@! ; 

I 2 2 0  2.85 (8) (u) TIME FOR - 
CC) (?) 

(A) c i .  BOTTLE TO F/LL 
11 260 4.60 (8) (u) 

(c)  (T) 7'0 3/4 FULL 

I:I A PPR O X .  45 SECONDS 
-- 

~ i , A 1 1  & 
R E ~ ~ A R K S  G L ~ & I  

Depth of 
Sample (11) )- 

Sample Locations-Unless Othenvise Instructed 

Vertical I is  at ? of distance across river 

Vertical I1 is a t  middle of river 

Vertical 111 is a t  $ of distance across river 

(+) 'Ill.@ 

1)epth of 
water 
(MI 

r',r 

6 ~ ~ 1 1  Ci,l\ 

Vertical 
Number 

Depth (A) is half metre from surface 

Depth fB) is a t  mid-depth 

Ilepth (C) is half metre from bottom 

"k.i 'j= 4 1  
(A )y~k 

Distance from 
Reference Po,nt 

(MI 

If depth is bet\r.een 2 and 3 metres, 
take sample (A) & (C) only. 

(1) I 

If depth is less than 2 nxtres take 
sample (B) onl?. 

(2) , (3) 





id 

rid 

id 

IM 

EXHIBIT A-8 

-. - .. 
i 

Front of form Bock of form ' I 
(0) COPY OF FIELD SNOW SURVEY NOTES -FORM 8 

(b> SURVEYOR'S F/ELD COPY OF SNOW 

COURSE LAYOUT 

I G O M m M E N T  OF IRAO 
MINISTRY OF AGRICULTURF 

I HYDROLOGICAL SURVEY OF IRAO 

I SNOW SURVEY FIELD FORMS 1 



EXHIBIT A - 9  

Ground slopes gently across 'deshti '  
t o  heod of Towonish gully 

f 
after 5 0 0 m .  ground starts 

Xoni Bufki  (spring1 o t  r ising t o  long low scarp 
f o o l  o f  low hil ls (5 minsJ 

(Tops named Kotu ond 
~ o r i l k l * ; )  

=T< ger Amodfo col  
-Steel  p ipe marker  

C',. 
'o, 

Lone t r e e  - 
ZOO m. 

I 
Open 

c ~ l t ~ ~ v o t e d  
Generol ground slope 

l o n d  

4 

5 

I 

I i 
Long untform northern slopes of Perasl Mountain 

ty h:Ns, highest to  the south 

I 
General character of oreo:. lorge, open depressron sloving gently to NNE Surrounded 

G E S H n  TAWANISH SNOW COURSE 

Established Sept. 57 by Moul l in,  Clorke, M.Shomoon and ossistanh. I 
Lot:  3 7 O  08' 25"lV. Long: 43O 29' 42" E. 

Elevation ;- ' 1685m (5530 f t . )  from 1 :  20,000 map (90/5JO) 

Sample spocing - 15 meters. Number o f  somples - 1 5 .  HIDROLOWCAL SW(VE1 OF IRAQ 

Course morked by four 5 meter steel pipe markers.  

Bearfngs measured from magnetic north. I GESHTl TAWANISH SNOW COURSE 
MOSUL L I W A  



EXHIBIT A -10 
1 1  

d To cool over to  
GalI i  Korobo voIIey (5mins.l 

la 

a 
Thicket of ooks 

obout 6 m .  high 

Id 

mi 

bd 

iri 

id 

Generol ground 

d 

d 

d 

& 

id To Koni Rosh spr ing (5m;ns .~ond  
l o  Hois village (40 mins.). 

Ser Amodiyo ( 1  114 hrs. ;  
id 

Ground siopes owoy 

Isl 

tJ 
. ?~V I  S ~ R  SNOW COURSE 

d ~ s t o b l * e d  Sept. 5 7  by Moul/in, CIorke ond Yord. 

 of! 37O 08' 3 5 " ~ .  Long: 43O 261 01" E .  

d E1evotion:- 142Om. (4F6.7 ft. I from I: 20,000 mop (90 /520 i .  

Somple sporing - IOmelrrs,  Number of somples - 14 . 
Course morked by one 5 meter ond three 4, meter 

td stee l  p ipe morkers .  ZAVl SUR SNOW COURSE 

Beorings measured from mognetIc nor th .  

s3 



1 
EXHIBIT A - l l  

W . ./o 7 

@! 
\\ o<on,Sn 

Culf~vofed 

! I  
No,,, , 047 

ground hose' 1 
\ 

id 
. 
1 

td 

d 

d 

J 

1 

0 

d 1 2 3  

I 

scrub ook 

t.l 

a 

P 0 Ground r lslng gent& 

1 

.. 
mi 
To Hois 

ViNoge 
130 mind 

w 

d 

a 

W 

b' 

ui 

Ld 

Q 

Q $ 

of - 
~ / n e  -- ------ 

KAN/ BAHRI SNOW COURSE 

Estobllshed Sept 57 by Moullln, Clarke ond ossistonts . 

Open 
cvlfivoted 

land 

s lop~ng lo 

Lot: 37O 10' 1 8 " ~ .  Long, 43O 26' 34" E. 

Elevoflon :- 1190m. ( 3 9 0 0  ft.1 from 1:20,00Omop (90/5201. 

Somple spocing - /5 meters. Number of somples - I / .  

Course morked by four 4mefer steel plpe morkers. 

Beorings meosured from mognetlc north. 

sfreom 

GOVERMENT O F  IRAQ 
MIN ISTRY OF  AGRICULTURE 

WDROLOWCAL S W W  Of IRAQ 

K4NI BAHRl SNOW COURSE 
MOSUL LIWA 

WWA ca m e ,  w n m  a GWRLEY 
CHKAGO Lal\OtXI 

a - T m  
MIL o - a w  

81ww IW ,or-. -. 625 - 7  





Esfobllshed Oct. 56 by Work, Mouflln, Brown and osslstonts. I 
Lor;  36O 37' 4 9 " ~ .  Long: 45O 00' 46" E. 

E1evof1on:-25/0m.(8250 N. 1 from 1 :20 ,000  mop ( 8 4 / 6 6 0 / .  GOVERMENT O F  IRAQ 

Somple spaclng - 15metars. Number of s o m p l e ~  - 1 4 .  M I N I S T R Y  OF AGRICULTURE 

HID?C.E)tlC&L SUPVEY 3F IRAQ 
Course morksd by four 5meler  steel plpe markers. - - -- - 
Bearlngs measured from mognetlc north. 

4St 

KALKASH SNOW COURSE 
ERBlL LlWA 

WRZA E N J N E E W  tO SINYE. M4mCr 6 G O W W  
r."lCAGC - L o o m  

ia naOCu:m 

BAOWIYI). :**a 
orrr WC.NO 
g yo, 59 6 2 5 -  24 







Esfoblished Oct 56 by Work, Moullin, Brown ond osslslonfs. 

Lof: 3 6 O  34' 1 6 " ~ .  Long: 4 4 O  36' 56" E.  

E/evofion:- 23OOm. 17550 ft .  l from l: 20,000 mop f 83/6301. 

Somple spacing - lometers.  Number of somples - i2. 

Course morked by one Smeter and two 4mefer steel pipe DOUR KHlNlQ SNOW COURSE 
morkers . ERBlL LIWA 
Bearings meosured from mognetlc norfh . H d u C  E P U N E E W  CO EINNlE.(i:ACO"i 8 GOU- 

C l l i C I G O  i3hJDN 
:1 ASYCI2TLQn 

O l l L  
SLCWDW. 3.- I 1 8 A p i l ~ s ~ m -  625 - 13 

uC9 
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EXHIBIT A- 17 

id 

4 

as 
Ground r/ses to rlmrock 

id 
01 edge of  Go//, Sombowohol 

11 

nd 

I& 

4 
Steel p ipe marker 

d 

wild pear tbtchefs up to 6 m hlgb 

d 

9 

id 

Mi 

d H S I mountoln refuge but 

!@ 

d 
SAMBAWAKAL SNOW COURSE 

Estobllsbad Oct. 56 by Work, Moullin, Brown ond ossistonts. 

id Lot: 36O 35' 23" N Long; 44O 35' 33" E. 

Elevation ; - 1810 m. ( 5 9 5 0  fl. .l from I:20,000 mop ( 8 3 / 6 P O / -  

d Sample spoctng - 10 meters Number of somples - 16 

3 

I 

Id a 0  

Course morhed by one 5meter and t r e e ' 4 m e t e r  steel 

pipe markers. 

b'eortngs meosursd from mognetic nor th.  

I(IW(OLOW@L SURVEY OF lRW 

SAMBAWAKAL SNOW COURSE 
ERBlL L I W A  

WSZA E W E E M  UJ BINNIE.OEACON 6 GOJhEI 
CnlCAGO LOh3ON 

- .C ASSSCK6TCM 
a r  

S ~ G H W  9- /r3 O, 59 j0*0 625 - 28 



==--=--.Ld , 
Sloplnq rer~oces 

Rlsing ground t 
GORA RfPNE SNOW COURSE I I 

Estoblished Oct. 56 by Work, Moullin, Brown ond ossistonts. 

Lot!  3 6 O  3 6 '  4 3 " N .  Long: 44O 33 10" E .  

Elevation !- 8 2 0 m .  f 2 7 0 0 f t I  from I;ZO,OOO mop f 8 4 / 6 2 0 ) .  

Sample spocing - IOmeters. Number of somples - /9 . 
Course marked by flve 4 meter steel pipe morkers. 

Beorlnqs measured f rom magnetic north. 

GOVERMENT OF I R A Q  
MIN ISTRY OF  AGRICULTURE 

HYOROLOWCbL SURVEY O F  IRAQ 

GORA RlPNE SNOW COURSE 
ERBlL LlWA 



EXHIBIT A- I  

Area covered wlfh ooR scrub 3 - 4 meters high ; 
o ~ ~ a ~ i o n a l  oak trees up to IOmefers 

)'O pipe No. 29 

I NEWAKHWIN SNOW COURSE 

Established Ocf. 56 by Work, Moullln, Porko and ossirfonis. 

~ o t :  3 6 O  49' 3 0 " ~ .  ~ o n g :  44O 17' 36" E. 

Elevation: 1525m. 15000ft.l from /:20,000 mop f 86/600/ .  

Somple spocing - IOmefers. No of samples - /O . 
Course marked by one 5mefer end  three 4 meter steel 

I pipe markers. ( NEWAKHWIN SNOW COURSE 

I Bearings measured from mognellc n o r t h .  ERBlL L IWA 

WRZA ENWNEEWG W 8tYI:IE. DEAC5t; 8 ZOURLF 
CYlCAU) A\- 



EXHIBIT A - 2 0  
1 

Fields 

\ 
\\ , Plpe No. 33 

/ . , 

Steel pipe morker 

GUNDA NA WAND/ SNOW COURSE 

Esiabl/shed Dec. 56 by Moul l /n and osslstonts . 

Lof;  3 6 O  50' 08" N. Long, 44O 18' 26" E. 

@levot/on:- /100m. f 3 6 0 0 f t . j  from I:Z0,000 map f86 /600 / .  

Sample spoc/ng:- /0,15meters. Number of samples - 14 

,Course marked by four 4 meter steal marker plpes set 

ot the edges of the f ie lds.  

Bearings measured from mogneflc north. 

Y@ 

G O v E R M E N T  OF I R A Q  
M I N i S T R Y  OF A G R I C U L T U R E  

WOROLOGlCAL SURVEY OF IRAQ 

GUNDA NAWANDI SNOW COURSE 
E R B l L  L l W A  

binRZei ENWNEERVKi CO BRNIE. DEACON 8 GWRLM 
CUIC>GO LONOW 

i,, LSY)CltTLCCI 
D I P M O  

625-  27 eccni~5. itam 
D r T L  
, Z Y  



I Estublished Ocl. 56 by Work, Moullin, Brown ond asslsfants. 

I Lot< 3 6 O  1,' .?o*N. Long; 4 5 O  17' 41'' E .  GOVERMENT O F  IRAQ I MINISTRY OF AGRICULTURE 
E/evutlon. - 1 8 9 0  m. 16200 f t . )  from 1 ; 2 0 , 0 0 0  m o p / 7 9 / 6 9 0 1 -  

Sample spoc/ng - 15meters. Number of somples - 1 6 .  

Course marked by four 5meter  steel pipe morkers. SALARAH SNOW C O U R S E  

Beorlngs measured from mognef/c north. SULAIMANIA U W A  

CWC4GO 

Bnww'*rO kzm1~.9[ 6 2 5 -  I? 
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id 

ld 

&d 

d 

kd 

I& 

a 

1 

Sk 

d 

& 

J 

d 

bd 

d 

d 

d 

rn 

b d  

d 

EXHIBIT .A -22 

Cult~rntion on 

broad terraces 

Cull ivofed f i e l d  

Rising ground 

steel p lofc  marker. 

Q"u' 

NURISTA SNOW COURSE 

Esloblished Ocl. 56 by Work,Moull/n, Bmwn and OSS~St0nfS. 

Lor :  3 6 O  1;' 5 0 " ~ .  Long: 4 5 O  15' 59" E .  

Elevof~on :- 1340m. ( 4 4 0 0  fl ! from 1!20,000 map (79/6801- 

Sample spoclng - l0melers. Number of sompleS - 7 

Course marked by one 4 m e l e r  steel p/pe marker and 
one steel plate tree marker ,  3meters above ground level 

I 

Beorlngs measurad from magneflc nor th.  

. 
GOVEPHENT OF IRAQ 

~ ~ N I S T R Y  OF AGRICULTURE 

HYDROLOWCAL SURVEY OF IRAQ 

NURISTA SNOW C O U R S E  
SULAIMANIA LIWA 

wva ENUV~ERNC w 8 h i ~ i E .  OEfiiON 6 t2JR-V 
CHICAW LO'.DW 

I\ *w&-li*I 
.0111 O l i * O  

-L"= 9;s !23ApLpri1591 

7 



Cul f l vo fed  f i e l d s  

=. 

EXHIBIT A - 2 3  
I& 

rul 

Id 

ili 

ru) 

irsl 

a 

d 

& 

J 

Irl 

sfi 

J 

hd 

Ground rises t o  high rock r ldge 

d 

d HA LSHO SNOW COURSE 

Ed Estobllshed Ocf 56 by Work, Moullin, B r o m  ond osslstan 

Lot ;  3 6 O  2 06" N Long: 4 5 O  15' 12'' E. 

11* 
Elevof~on :- I 2 5 0  m 14100 f f . )  from I:.Z3,0,0a) mop 09/68 

Sompie spacing - i5meters.  Number o f  somples-N. 

Course morked by one 5 meter ond f r o  4 meter +fee/ 
r* 

HALSHO SNOW COURSE 
plpe markers. 

Bsarrngs measured f rom mognef lc  nor th.  

d 

d 4'" 



KORA KZAW SNOW COURSE 

Establ ished O d .  56 by Work, Moullin and 0 ~ s l s t O n Y ~ .  

Lot:  350 34' 33" N. Long. 4 5 O  42' 02" E .  

Elevofion ,- 1 7 8 0 m .  ( 5 8 5 0 f t .  7 f r o m  I :  2 0 , W O  ~ O P  ( 7 2 / 7 2 0 !  

sample spacing - 10  and 15mete rs .  No. of  ~ 0 m P l e S  - 11.  

Course marked by four 5 meter  steel p /pe  markers .  

~ e o r i n g s  measured f rom magnetic nor th .  

GOVERMENT OF IRAQ.  
M I N I S T R Y  O F  A G R I C U L T U R E  

WDROLOWUL SURVEY OF IRAQ 

KORA K Z A W  SNOW COURSE 
S U L A I M A N I A  L I W A  

HPIRZ~ ~w).iii?KG C.3 6Ihli:E. DEaCOh 6 GOUR-EY 
CHICAW L O * m  

\ a5sc,t>- LW 
J e l t  3*$*0 

mL*W. 26 &pr1159 625  - 20 



Moderofe slope \ 

TUSTAN SNOW COURSE 

Established Ocf. 57 by Moullin ond OSSlstontS. 

Lo t :  3 5 O  33' 38" N. Long: 4 5 O  40' 26" E. 

Elevotlon ;- 1520m. (5OGQ ft .J  from . / ;20 ,000  mop (72/720J. 

Sample spoclng - 9 meters. Number of samples - 1 0 .  

Course morked by thrw 4 meter steel plpe morkers. TUSTAN SNOW COURSE 

Beorings maasured from mogne t ie  north. SULAIMANIA LlWA 

H4WA ENGAlEUWCI W WlE,DrAa 6 GOU- 
CHICAGO LWWN 

,n AwxmTDW 
DLTL D I G M O  

lem 2 7 A p l  BP 625 - 21 



DOW4.J TERSCHAKAN SNOW COURSE 

Estob//shed Nov. 56 by Work, Moullln and oSSlst0ntS. 

f a t :  3 5 O  27' 29"~. Long; 45O 41' 38" E. 

Nevotion :- /220m.  ( 4 0 0 0 f i .  / from /:20,000 mop ( 7 1 / 7 2 0 / .  

Sompie spacing - lometers. Number of samples - 1 4 .  

Course marked by three 4meter  steel pipe markers.  

Beor/ngs measured from mognefic north. 

. . 

. . L? 

GOVERMENT OF IRAQ 
MINISTRY OF AGRICULTURE 

~ ~ R O L O U C A L  SURVEY OF IRAQ . . 

DOWLl TERSCHAKAN 
SNOW COURSE 
SULAIMANIA L IHA 

WRZA RUHEEW co BBINE. DEACON a t w m i  
CHKAGO LaWO% 

w I S Y K U T r n  
O"&*0 

625 - 22 . MWDe, 1- 
D I I F  
28~wi159 



Lot: 35C 36' 4 5 " ~ .  Long: 4 5 "  5 2 '  55" E. 

Elevatlon -1690m. 15550 ft .  ) from 1: 20,000 map 173/740/. 

Sample spaclng - 25 ond 30 meters. Number of samples -12. ' 

Course marked by four 5 meter steel marker pipes. 

Bearings measured from magnetic north. 

GOVERMENT OF IRAQ 
MIN ISTRY OF AGRICULTURE 

KYDROL06ICAL SURVEY OF IRAQ 

MlYAN MAMEK SNOW COURSE 
SULAIMANIA LlWA 

HAWA E - r n  CO 8PINIE. OEACCU 8 GOURLf( 
CHICAGO L O N W  ", AsYxmrm 

92GM0LD. 23- 
(UIE 0"G"O 
l lYOr59 625 - 6  



MALAKAWA SNOW COURSE I 
Established Nov. 56 by Work, Moullin and Parko 

L a f ;  35O 36' 51" N. Long! 45' 54' 18" E .  

E1evation~- 1 4 0 0 m .  1 4 6 0 0  f t l  from 1:20,000 mop f 7 3 / 7 4 0 1 .  

Sample spacing - 12 meters. Number of Samples - 1 2 .  

.Course marked by four 4meter steel marker pipes 

Bearings measured from magnetlc north. 

GOVERMEHT OF IRAQ 
MINISTRY OF AGRICULTURE 

HYDROLOGICAL SLRVEI OF ImQ 

MALAKAWA SNOW COURSE 
SULAIMANIA LIWA 



I Generol cnorocter of o reo ;  Course lines In f loor  of small sheltered E - W ,  Side YOIIBY 

I DOWL ASUR SNOW COURSE I 
EstoblisAed Nov 56 by Work, Moull ln and Parka. 

Lot:  3 5 O  31' 3 2 " ~ .  Long: 45O 51' 28" E. 

Elevotion ;- 8 9 0  m. ( 2 9 0 0 f t .  1. from 1:20,000 mop / 7 2 / 7 4 0 1 .  

Sample spacing - I0 meters. Number of sOmple5 - 15.  

Course morhed by four 4meter steel p ipe morkers. MINISTRY OF AGRICULTURE 

Beorings measured from mognetlc nor th .  

DOWLASUR SNOW COURSE 
SULAIMANIYA LIWA 

WWp. EWNEERK'G CO mNE. NAc'JN ? G o u R ~ ~ ~ '  
CHICAGO LWCG% 

13 S 3 3 C C T : C W  
owaro 

625-  16 B.ibnDI3 iP10 
D&,L 
21 ~ ~ i 1 5 9  



General chorocter of area:- Til led, tree-planted terraces on lower slopes of steep- sided volley 

HARNERCL A SNOW COURSE 

Established Nov. 57 by Moul l ln, Gilpin and ossiStOntS 

350  12' 4 0 ' ' ~ .  Long. 46O 11' 0 7 " E .  

Elevafim :- l 620m.  (5300f t .J  from 1: 20,000 map 168/7701. MINISTRY OF  AGRICULTURE 
Sample spacing - Smeters. Number o f  samples - 10  

Course marked by one 4mefer steel pipe marker and one 

steel plate tree morker . H A R N E R C L A  SNOW COURSE 
Bearings measured from magnetic north. SULAIMAN IA LIWA 

mRZA ENjaKERWG W. SIXhLE.DE&CON 6 CGURLM 
C"ICAe3 W3aN 

m ksYKIIT1Cn 
'0115 Vi*C NO 

I P 4  124 M., 59: 6 2 5  - 12 



Lat 35O 12' 0 4 " ~ .  ~ o n g ;  4 6 O  1 0 '  5 4 " ~ .  

Nevollon :- 1 4 8 0  m. ' 4 8 5 0 t t J  from I:20,000 mop f 66/770). 

Somple spacing - 5meters. Number of somples - 9 

Course morked by two 4 meter sfeel plpe markers ond 

one steel plofe tree marker. HARNESS1 SU SNOW. COURSE 
Beorlngs measured from mOpneNC north 1 SULAIMANIA L l W A  I 







EXHIBIT A -'34 

Receiver 

Cross secrion 

1 GOVERMENT O F  IRAQ 

I 

MINISTRY OF AGRICULTURE 

HRIROLOGICAL SURVEY OF IRAQ 

I STANDARD NON-RECORDING 
RAIN GAGE I 

< 8.00 in. L 

F' 
b 

2 

4 
rr) 
9 
c\r 

'I." 


