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Chapter D-1 

GENERAL EXPLANATION 
OF THE ELECTRONIC COMPUTER STUDIES 

Introduction 

1.1 The Tigris irrigation operation studies were worked by electronic 

computer, using the facilities of International Business Machines United 

Kingdom, Limited, in London. The IBM program consists of a set of 

mathematically expressed instructions for the electronic computer, en- 

abling the computer to operate a variable system of reservoirs on a monthly 

basis. 

1.2 This chapter covers the general procedure for the machine 

operation of the studies. It explains the relationship between the hydro- 

logical aspects of the studies, a s  determined by the engineers, and the 

mathematical aspects, a s  interpreted by mathematicians and solved by the 

computer. Chapter D - I ,  along with Chapter D-2, i s  designed to  provide 

information which will minimize the work involved in future studies to test 

new cri teria o r  conditions. 

History 

1.3 The use of electronic computers was specifically authorized in 

the 1955 negotiations for the establishment of the Hydrological Survey of 

Iraq. Early in the Hydrological Survey program the use of such computers 

was investigated in some detail by the Chicago office of Harza Engineering 

Company and the London office of Binnie, Deacon and Gourley. Prelirni- 

nary irrigation operation studies, which had been worked by hand, were 

considered in detail to determine their adaptability to electronic computation. 



It was decided that an  electronic computer would be used and that the 

studies should be  run  i n  London. 

1.4 As a resu l t  the two companies retained the  serv ices  of Mr .  

H. A. Morr ice ,  Irrigation Adviser to  the Sudan Government, and Mr.  

W. M. Allan, Irrigation Consultant to the Sudan Government, who had 

successfully worked out methods of using the IBM Type 650 electronic 

computer for  a thorough study of the Nile River and its t r ibutar ies .  It 

was apparent that the experience of Mess r s .  Morr ice  and Allan would 

effectively reduce the programing t ime required fo r  the Tigr i s  studies 

and thus make  the use  of the electronic computer m o r e  practicable. The 

studies were  supervised by the Hydrological Survey with Mess r s .  

Morr ice  and Allan furnishing technical consultation serv ices  in  preparing 

the program fo r  machine computation. Mr .  Allan a l so  acted a s  coordi- 

nator between the  Hydrological Survey and IBM during the actual  machine 

runs.  

Formulation of the F i r s t  T r i a l  P rogram ---- 
1.5 Discussions were  held i n  London i n  August 1957 between 

representat ives  of the Hydrological Survey and IBM, with the two consult- 

ants participating. The purpose of the discussions was to  adapt the methods 

that had been used on the Nile River  to the different conditions obtaining on 

the Tigr i s  River.  The arrangement  of r e se rvo i r s ,  inflows, offtakes, and 

connecting canals considered in  the i r r igat ion operation studies i s  shown 

schematically on Exhibit D- 1. 

1.6 It was recognized that basically the Tigr i s  problem i s  twofold. 

In the  f i r s t  place, Baghdad and other metropolitan a r e a s  must  be protected 

against high floods; second, the available water  mus t  be utilized fo r  



irrigation and other purposes to  a s  great a degree a s  possible. The f i rs t  

problem calls for an analysis of flood peaks with a time interval measured 

in hours; the second, for a long-term analysis in which a calendar month 

i s  a suitable time interval. The f i rs t  problem i s  covered in Chapters 3 

and 4 and Appendices B and C; the second i s  the subject of Chapters 5, 6 ,  

and 7 and this appendix. The dividing line between the two problems can 

be taken a s  a set of rule curves. Fo r  various dates these curves give the 

maximum reservoir contents, above which water storage will not normally 

be allowed to  rise. 

1.7 The f irst  major decision to  emerge from the London discussions 

was that the operation studies should provide for keeping the various re-  

servoirs in phase, with approximately equal probabilities of refilling, in- 

sofar a s  physical conditions permit. The second decision was that the 

program should be capable of including Fatha Reservoir in the system. A 

phasing point was selected from which irrigation requirements would be 

distributed among upstream storage reservoirs  in such a way a s  to keep 

them in phase. This phasing point was originally considered to  be at 

Fatha when Fatha Reservoir was included and at  Samarra when Fatha Re- 

servoir was not included. 

1.8 A decision was made to  consider a l l  inflow between the three 

upstream reservoirs  (Dokan, Bekhme, and Eski Mosul) and Fatha to  be 

concentrated at  Fatha, so  that this inflow would not be considered in meet- 

ing irrigation requirements 2bove Fatha. This step simplified the com- 

putations and was justified in that irrigation requirements in the Greater 

Zab and Upper Tigris basins a r e  small in proportion to  available flow and 

in that inflows on the Lesser Zab below Dokan Dam a re  too flashy for ef- 

fective use for local irrigation. Similarly al l  inflow between Fatha and 



the mouth of the Diyala River was coasidered to be concentrated at 

the mouth of the Adhaim River. 

1.9 Several more problems of detail were also settled at  the London 

discussion. Symbols were assigned for various terms used in the com- 

putations carried out by the computer. The meaning of these symbols i s  

given in Exhibit D-2. Flow diagrams were developed for each step in the 

computer operation. These flow diagrams, including revisions, a r e  dis- 

cussed in detail in Chapter D-2 and a re  shown on Exhibit D-3. A further 

refinement arising from the discussions was the introduction of symbols 

for the percentages of normal irrigation demands to be satisfied in summer 

and winter. The purpose of this step was to increase the flexibility of the 

program; i ts  use i s  demonstrated in Chapter D-2 and Flow Diagram 1 of 

Exhibit D - 3. 

1.10 The maximum possible discharge from a reservoir depends 

upon the content of the reservoir,  which in turn varies through the month. 

To make allowance for this situation a special subroutine was worked out 

and included in the flow diagrams for each reservoir.  It was decided that 

such a refinement i s  not justifiable for the calculation of evaporation losses. 

1.11 The flow diagrams of Exhibit 13-3 a re  divided into branches 

whenever necessary to provide for the alternative inclusion or elimination 

of a reservoir.  In general the operations to  be performed by the computer 

will be reduced according to  the number of reservoirs eliminated during a 

particular study. 

Revisions to the F i r s t  Trial  Program ---- 
1.12 The original t r ia l  program was written in September 1957 by 

the staff in London and contained all refinements and modifications up to 



that date. It was later reviewed thoroughly by the staff of the Hydrological 

Survey of Iraq, and several changes were made to the flow diagrams. The 

principal changes were a s  follows: 

a. The Gibralter and Damir Kapu reservoirs  were eliminated 
since they provided only temporary detention and would not 
enter into any irrigation operation studies worked on a 
monthly basis. 

b. The "transmission coefficients" were eliminated to sim- 
plify the program. Changes in historical bank losses that 
would occur owing to river regulation were dealt with by 
manual adjustments to the results derived from the com- 
puter, a s  described in Chapter 5 of the Main Report. 

c. The phasing of upstream reservoirs was a l l  based on Fatha 
whether o r  not Fatha Reservoir was included. This ap- 
proach increased the flexibility of reservoir releases and 
further reduced the need for distribution coefficients. 

d. Provision was made for three levels of summer irrigation 
deliveries and two levels of winter irrigation deliveries. 
(In the studies actually run, only one level of summer short- 
ages and no winter shortages were considered. ) 

e. Provision was made whereby percentage of specified irri- 
gation deliveries for the land served by Dokan and Derbend- 
i-Khan reservoirs could be made different from the percent- 
ages met in other areas.  (This provision was never actually 
used. ) 

f. The procedure for computing storage withdrawals from 
Tharthar Reservoir was changed. 

g. There were several minor changes and rearrangements in 
the flow diagrams. 

Coding of the First Tria l  Program ---- 
1. 13 The revised flow diagrams were coded in London by the IBM 

staff for use by the electronic computer. When the coding was completed, 

a member of the Hydrological Survey staff went to London to supervise 



the f i rs t  group of production runs. During his stay the following 

revisions were made in the program: 

a. Provision was made for intermittent flow in the linkage 
canal system between the Lesser Zab and Diyala r ivers 
to  keep Derbend-i-Khan Reservoir more or less in phase 
with the other upstream reservoirs.  

b. Provision was made for meeting navigation requirements 
below Kut. 

Present Status of the Program 

1.14 The completed program as  documented herein i s  designated a s  

"1. 1." It i s  very flexible and can therefore be adapted to a wide variety of 

assumed conditions by proper choice of criteria. A special form, de- 

signated Form 20 (see Exhibit D-4), was devised for tabulating the various 

items that might change from one run to another. Criteria that a r e  not 

appropriate to  a particular run can be eliminated from the computations 

by inserting proper values in Form 20. Although there a r e  more than 50 

values that might change, in actual practice only a small number would 

vary from one run to another in the same study. As an example, if the 

same percentage of full irrigation requirements i s  to  be provided for al l  

areas ,  the following cri teria a r e  irrelevant: K1, K2, K3, K4, Kg, and 

Kg. If scheduled shortages a r e  to  be restricted to  one level of summer 

shortage, the following cri teria a r e  irrelevant: x2, y, S(cc)2, and S(cc)3. 

In addition, for any given reservoir combination the changes in remaining 

cri teria would be small. 

1.15 Production experience with Program 1.1 revealed the need for 

certain changes as  listed below: 



rid 

a. The elimination of the cycling experienced at some 
reservoirs,  in particular at  Dokan Reservoir, 

b. Elimination of the occasional small flows at  Kdns 
resulting from the phasing computations, 

c. Revision of the cri teria for determining whether o r  not 
to schedule summer irrigati0n;shortages. 

These changes were incorporated into a revised program in April 1958, 

designated a s  Program 1. 2; they a r e  shown in Exhibit D-5. 



Chapter D-2 

DETAILED EXPLANATION 
OF THE ELECTRONIC COMPUTER STUDIES 

Introduction - 

2.1 This chapter describes in detail the computations a s  carried 

out by the electronic computer. It i s  intended to demonstrate both the 

strategy and the tactics of the methods adopted, but it is  not a line-by- 

line explanation of the entire computation procedure. Exhibits D- 1, 

D-2, and D-3 contain materials pertinent to the explanations on the follow- 

ing pages. 

2.2 The monthly machine computations consist of three major steps 

a s  follows: 

a. Determination from reservoir content of the percentage 
of full irrigation demands that will be met, 

b. Determination of the sources of the irrigation water supply, 

c. Routing of flows through the system. 

Step a. i s  performed by the machine only on the f irst  of June and the f irst  

of November. It sets the values to  be used through the remainder of the 

summer and winter season respectively. Computations for this step a r e  

outlined in Flow Diagram No. 1 (see Exhibit D-3). The second and third 

steps a r e  represented schematically in Flow Diagrams Nos. 2 -8  and 9-4 

respectively (see Exhibit D-3). The remainder of this chapter treats  

each of these steps by referring to  the relevant flow diagrams in turn. 

2.3 The other exhibits deal with more particular details and procedures. 

Exhibit D-6 enumerates the basic data which must be supplied to the computer 



for each study and indicates those items which may vary from run to  run; 

i t  also lists the items which comprise the computer's punched output. 

Exhibit D-7 compiles al l  the instructions necessary for operating an IBM 

Type 650 computer and running through the programed study. Exhibit D-8 

gives the meansing of the column headings on the printed output sheets 

that contain the results of the operation studies. Exhibits D-9 and D-10 

give, respectively, reservoir evaporation data and rule curve values used 

in the studies. 

Flow Diagrams - 

Flow Diagram - 1, Overall Program 

2.4 This flow diagram, giving the overall picture of the computations, 

represents the hydrological fact that the winter o r  the summer irrigation 

requirements o r  both may be reduced, but that in May full irrigation re -  

quirements a r e  satisfied (p = p l )  The reason that a full supply is always 

delivered in May i s  that this i s  a month of heavy snowmelt, when in systems 

with small reservoir capacity the uncontrolled flows frequently exceed the 

demands. Also, if a forecasting equation i s  ever incorporated into the 

program for estimating summer inflows, then June f irst  i s  a much better 

forecasting date than May first .  The coefficient for a full supply, de- 

signated pl,  i s  not necessarily unity, so  proportional increases o r  decreases 

in irrigation requirements can be studied without punching additional data 

cards. 

2.5 The deliveries for the months of June through October a r e  

dependent on the total reservoir content on June f irst ,  while those for 

November through April a r e  dependent on the November f irst  total rese r -  

voir content. The studies presuppose that when reduced supplies a r e  anti- 

cipated the a rea  of land to be irrigated will be reduced. In actual practice 



reservoir contents and shortages can be foreseen sufficiently i n  advance 

of the two key dates with enough accuracy to permit an orderly cropping 

plan. The program segregates the total reservoir content on June f irst  

into three ranges separated by the specified constants S(cc)l and S(cc)2. 

If the total content i s  in the top range, full requirements will be met 

(p = pl ) ;  i f  in the middle range, xltimes full requirements will be met 

(P = XIP1); i f  in the lower range, x2 times full requirements will be met 

(p = x2p1). The procedure for determining winter deliveries i s  similar 

except that the November f irst  total content i s  segregated into only two 

ranges by the constant S (cc)3 and that the irrigation requirement that will 

be met is  either p l  or ypl. Any or  al l  of these scheduled shortages can 

be eliminated by proper selection of the various S 
(cc) 

values in the input 

data. 

2.6 It was expected that in some studies it might not be possible to 

deliver a s  high a proportion of full irrigation requirements to the areas  

served by Dokan and Derbend-i-Khan reservoirs a s  to the other irrigated 

areas. Consequently a provision was introduced into the program where- 

by the irrigation deliveries from these reservoirs could be reduced further, 

depending on how much of the water stored in the whole system was stored 

in Dokan and Derbend-i -Khan. 

Flow Diagram 2,  Monthly Calculations - - 
2.7 This flow diagram indicates the strategy of the monthly com- 

putations. The remaining flow diagrams, the sequence of which i s  shown 

in Flow Diagram 2, comprise the tactics and a re  briefly described in the 

following paragraphs. 



2.8 The monthly computations begin in Flow Diagram 3 with 

Derbend-i-Khan Reservoir because this i s  the most nearly independent 

unit of the system, a l l  other reservoirs  depending to a greater degree on 

conditions in other parts of the system. The actual discharge for the 

reservoir is computed at  this point in the program. 

2.9 In Flow Diagram 4 the flows in the linkage canal system a r e  

computed and computations of flow required for navigation a r e  made. If 

Wadi Tharthar i s  not used for irrigation storage the determination of 

flows required at  and below Sarnarra i s  also made at  this stage. 

2.10 Flow Diagram No. 5 i s  applicable only when Wadi Tharthar i s  

used for irrigation storage. The outflow from Tharthar and required 

flow below Samarra a r e  computed here. 

2.11 In Flow Diagram 6 the f irm local demands on Dokan, Bekhme, 

and Eski Mosul reservoirs  a r e  computed, and in Flow Diagram 7 the 

potential shortage at Fatha (whether o r  not Fatha Reservoir i s  included) 

is determined (a) for the condition of no releases from upstream reser-  

voirs other than those to meet firm local demands and (b) for the require- 

ment of drawing down Fatha to  a target content before releasing water for 

Fatha from upstream reservoirs.  This shortage can be either positive 

o r  negative. 

2.12 It i s  desirable that the reservoirs  upstream from Fatha b e  filled 

to  the same degree or "in phase. " In order to accomplish this a set of 

simultaneous equations i s  formulated in Flow Diagram 8 from computations 

made in Flow Diagrams 6 and 7. The solution of these equations appears 

in  Flow Diagram 8. 



2.13 The computations of water  demands a r e  completed in  Flow 

Diagram 8. In Flow Diagrams 9 through 12 the actual operations of Eski  

Mosul, Bekhme, Dokan, and Fatha r e se rvo i r s  a r e  determined in  that 

order .  

2.14 In Flow Diagram 13 the final discharge f rom Wadi Thar thar  

and flow past  S a m a r r a  a r e  computed, and in  Flow Diagram 14 all flows 

a t  downstream points a r e  determined. 

2.15 The various flow diagrams a r e  explained in  detail  i n  the 

following pages. 

Flow Diagram - 3,  Derbend-i-Khan Discha- - and Contents 

2.16 This flow diagram s t a r t s  out with a determination of the flow 

f rom the linkage canal system into the Diyala River.  The purpose of this 

par t  of the flow diagram i s  to  keep Derbend-i-Khan Reservoir  roughly in  

phase with the other r e se rvo i r s .  This i s  done by comparing i t s  content 

with that of Dokan Reservoir ,  which in  turn  i s  phased with other upstream 

reservoi rs .  If the content of Derbend-i-Khan Reservoir  i s  g rea te r  than 

a preselected percentage of the content of Dokan Reservoir ,  the flow f rom 

the linkage system i s  cut off. 

2.17 The remainder  of the flow diagram is essentially a standard 

storage r e se rvo i r  routine. The flow diagrams for  Eski  Mosul, Bekhrne, 

Dokan, and Fatha r e se rvo i r s ,  Flow Diagrams 9 through 12 respectively, 

a r e  almost identical; therefore,  Flow Diagram 3 will be  described fully 

and the others  only briefly. 

2.18 The f i r s t  es t imate of the discharge f rom Derbend-i-Khan, Ndl, 

i s  that required to  satisfy ( a )  the i r r igat ion demands i n  reach NG and 



(b) the offtake at Diyala Weir plus (c) the specified minimum discharge 

over that weir, Gdc, and (d) Git when negative (as the result of historical 

diversions). The Adhaim-Diyala Feeder supplies part of these require- 

ments, and so i ts  contribution, G which has previously been determined, 
9' 

i s  deducted from the demand to give the net figures for N 
d l '  

2.19 It i s  now necessary to determine whether by supplying this 

discharge various maximum and minimum cri teria for discharges or  con- 

tent would be infringed upon. The f irst  step i s  to  compare N with N 
d 1 d2' 

the specified minimum allowable discharge. The minimum may depend 

upon hydroelectric power or  simple amenity. If Ndl 
i s  less than N it 

d2 
must be increased, giving N 

d3' 
The next step i s  to compare this revised 

estimate for N with N which i s  the maximum physically possible dis- 
d d4' 

charge. The latter will depend upon the size of the outlets and spillways 

and upon the level of the reservoir.  If these data a r e  known, a table can 

be prepared to  show the values of N corresponding to the contents, N . 
d4 c 

The machine carr ies  such a table in i ts  memory and uses it to  estimate 

N 
d4' 

Alternatively, in the general case it may be necessary to  find what 

size the outlets and spillway should be for a dam not yet designed. In 

that case, Nd4 could be made infinite (in practice very large) and sluices 

and spillways designed in accordance with the tabulated results. 

2.20 Since the content of the reservoir almost always changes in the 

course of the month, the discharge physically possible at the end of the 

month will often be less  than that possible at  the beginning. In this case 

the use of N will result in an e r ror .  To avoid this, a further revised 
d4 

discharge, Nd5, i s  calculated; this i s  not greater than the discharge pos- 

sible at  the mean contents during the month. The latter i s  calculated by 

successive approximation, using a subroutine which is set out in Flow 

Diagram 15. 



2.21 In the subroutine a f irst  value, 
Nds 1 

, i s  taken equal to N 
d3' 

Using N the contents at the end of the month, N" , and hence the 
d s l '  cs 

mean contents during the month, N , a re  calculated. Prom the 
csav 

latter i s  derived a second value of the possible discharge, Nds2* This 

i s  then compared with the desired discharge, Nd3' If Nds2 
i s  the 

greater,  
Nd3 

i s  acceptable as  N 
d5' 

But i f  N i s  less, it i s  then com- 
ds2 

pared with the f irst  value, 
Nds 1 

. If the difference between them i s  

greater than five curnens, the computation loops back to the beginning of 

the subroutine, using the value of N for N . new end-of-month and 
ds2 d s l '  

mean contents and another discharge a r e  computed. This process goes 

on until the approximate discharges have converged to within the speci- 

fied limit, thus giving N a s  an acceptable value for N 
ds2 d5' 

Of course 

if Nd3 i s  not greater than N 
d4' Nd5 

equals N and the subroutine i s  
d3' 

not required. The same form of subroutine i s  used for other reservoirs,  

a s  specified in Flow Diagrams 9 through 12. 

2.22 Strictly speaking a similar subroutine should be used for 

evaporation. It i s  felt, however, that the e r r o r  introduced by calculating 

evaporation losses on the basis of initial contents only would be too small 

to  warrant the extra programing effort. 

2.23 Once discharge cri teria a r e  satisfied, the reservoir content i s  

determined. The continuity equation indicates whether or not N* ex- 
c 1 

ceeds N* a s  specified by the lower rule curve (which will normally 
cmin 

be dead storage content). If i t  does not, N i s  calculated to bring the 
d6 

contents just down to  the rule curve. 
Nd6 

must be checked to ensure that 

i t  i s  not negative. If negative, N i s  zero; i f  positive, N i s  N 
d d d6' 

If 
- -~ 

N* exceeds N:: we compare i t  with N4 I f i t i s l e s s t h a n  
c 1 cmin cmax 

NXC , then N i s  N 
d d5' 

If, however, i t  exceeds N* , we calculate 
cmax cmax 



Nd7 as  the discharge necessary to lower the contents to N* One 
-ax' 

further check i s  necessary, that N does not exceed N the maximum 
d7 d4' 

possible discharge. If it does not, N is N If N does exceed 
d d7' d7 

Nd4, however, i t  i s  necessary to go through the subroutine described 

above for the maximum discharge physically possible. 

2.24 The final value of N has now been found, and by simple continuity 
d 

the final contents a r e  determined. 

Flow - Diagram 4, Diyala River, Linkage Canals, and Tigris at --- - 
Sarnarra with Wadi Tharthar not in Use -- --- 
2.25 The computation proceeds down the Diyala River to  Diyala 

Weir (G). The discharge over Diyala Weir i s  calculated a s  Derbend-i- 

Khan discharge plus the outflow from the link canal minus the irrigation 

offtakes X and X plus the torrential inflow G. . 
ng g It 

2.26 Proceeding up the Adhaim-Diyala Feeder, the discharge at i t s  

head, AU, i s  calculated a s  that at  the tail plus irrigation offtakes i n  be- 

tween. The discharge at  the tail of the Zab-Adhaim Feeder, A i s  A 
q' u 

plus the minimum flow down the Adhaim, A . The discharge over the 
dc 

Adhaim Weir i s  derived simply. 

2.27 The computations then proceed up the Zab-Adhaim Feeder to  

calculate i ts  head discharge, L , in the same way A was calculated. 
u U 

The Makrnour Canal supplies a specified discharge, L . Finally, the 
4 

discharge at the head of the M a h o u r  Canal, Z , i s  calculated a s  tail dis- u 
charge plus offtakes. 

2.28 Strictly speaking the computations have determined demands 

up the linkages, not actual discharges, and at  a later  stage the actual dis- 

charges should be carried down the linkages. Since, however, the linkages 



a r e  among the f i r s t  supplied by Bekhme and Dokan re se rvo i r s ,  the i r  

requirements will  always be m e t  unless the r e se rvo i r s  a r e  empty. In 

such a case  failure to  meet  the linkage requirements would be indicated 

by values of Z and L l e s s  than Z and L respectively. Since a 
d d dc dc 

recomputation of these linkage flows would greatly complicate the IBM 

program, i t  was decided that on the r a r e  occasions where such informa- 

tion might be required, the recomputations would be done manually. 

2.29 After computing the flow in  the linkage canals,  Flow Diagram 4 

determines the flow needed a t  Kut to  satisfy navigation requirements.  

2.30 It i s  then asked whether o r  not Wadi Tharthar  Reservoi r  i s  used 

for  i r r igat ion storage. If not, the requirements  f rom Kut up a s  f a r  a s  

Sarnarra  a r e  determined, and the computations then go to  Flow Diagram 6, 

bypassing Flow Diagram 5. If Wadi Tharthar  Reservoi r  i s  used for  irri- 

gation storage, the computations go directly to  Flow Diagram 5. 

Flow Diagram 5, Provis ional  Discharges f rom Wadi Tharthar  - - 
and in  Tigr i s  a t  S a m a r r a  -- - 
2.31 F i r s t  i t  i s  determined whether. o r  not the re  will  be any flow f rom 

above the Diyala confluence, Y, besides the contribution f rom Tharthar .  

This i s  done by adding the resources  and demands in  reach  SY and deter-  

mining the flow needed a t  S a m a r r a  to  meet  these o r  by using the minimum 

flow a t  Samar ra ,  whichever flow i s  grea ter .  By again computing the r e -  

sources,  which now include the tentative flow past  Samar ra ,  S and the 
d l '  

demands, any excess  shows up a s  a negative value of unsatisfied i r r igat ion 

demands in  reach SY, o r  X '  These surpluses  and surpluses  from 
sy2' 

the Diyala River  when applicable a r e  now applied to  reduce W which i s  
d l '  

made  to  equal the unsatisfied i r r igat ion demand in  reach YK. Since the 



surplus, if any, in reach SY i s  indicated by a negative value of X i  
sy2' 

the term is added to reduce W 
d l '  

2.32 It i s  next asked whether or not water i s  available in Tharthar. 

If it i s ,  the f irst  t r i a l  value of Tharthar outflow goes through the appro- 

priate limitation tests ,  and an outflow, W from Tharthar results. If 
d4' 

this outflow i s  less than the initial t r ia l  value, the deficiency i s  made up 

by increasing the flow past Samarra. 

2.33 In calculating the end-of-the-month contents of Wadi Tharthar 

Reservoir we apply the continuity equation. In reality this equation should 

include inflow into the reservoir,  which will not be calculated until we 

reach Flow Diagram 13 of the computation. In order to  avoid this com- 

plexity, we assume that Wadi Tharthar will supply in any one month only 

water which i s  in the reservoir at  the beginning of that month. This i s  

fully justified by the fact that the storage in the reservoir i s  very large 

in proportion to  inflows and outflows. The end-of -month content, W* 
CP' 

calculated in this flow diagram i s  fictitious. If W* i s  less than the 
CP 

command content, W , then Wd4 i s  that discharge which will bring the 
CC 

content down to  command content. Otherwise W i s  equal to  W In 
d4 d3' 

case W should be negative, Wd5 i s  zero. S i s  then calculated by 
d4 d2 

means of W 
d5' 

Flow Diagram 6 ,  Firm Requirements from Phased Reservoirs - - -  
2.34 The three upper reservoirs,  in addition to  supplying unsatisfied 

Tigris demands at  Fatha, must also supply local demands upstream of 

Fatha. In this flow diagram a r e  calculated these demands, D and M 
da' da 

upon Dokan, Bekhrne, and Eski Mosul respectively, o r  whichever one i s  

in the system. It i s  f irst  necessary to  calculate S a s  the greater of 
d3 

S (see Flow Diagram 4 o r  Flow Diagram 5) and S . 
d2 dc 



2.35 Dokan must supply the irrigation requirements of reach DL, 

the discharge at the head of the Zab-Adhaim Feeder not met by the tail 

discharge from Makmour Canal, and also the minimum allowable dis- 

charge over the barrage. 

2.36 For  Bekhme a f irst  estimate of required supply, Bdal, is  the 

head discharge of the Makmour Canal, the irrigation requirements of 

reach ZF, and a fixed portion of those of reach FR. A second estimate, 

Bda2' 
i s  the head discharge of Makmou~r Canal plus the minimum allow- 

able discharge, 
zdc' 

over Makmour Weir. B i s  the greater of B 
da da 1 

and Bda2. 

2.37 Similarly, Mda, the firm requirement from Eski Mosul, i s  the 

greater of M (irrigation requirements in reach MF and a fixed portion 
da 1 

of those in FR) and M 
da2 

(irrigation requirements in reach MF plus the 

minimum allowable discharge, F , in the Tigris upstream of the Greater 
i c  

Zab confluence). 

2.38 All reservoir releases to meet local demands a r e  checked 

against the minimum releases D 
d2' Bd2' 

and M 
d2' 

Flow Diagram - 7, Potential Shortage at Fatha - -- 
2.39 The program first  determines whether or not Fatha Reservoir 

i s  in the system. If Fatha i s  included, the summation of demands i s  

carried one reach upstream from Samarra to Fatha by taking into account 

the irrigation demands in that reach. This step gives R which i s  com- 
dl '  

pared with R the minimum allowable discharge below Fatha. R i s  
d2' d3 

the greater of the two values. 

2.40 The next computation i s  to  determine what the end-of-month 

content of Fatha Reservoir would be i f  there were no discharge reaching 



Fatha from the three upstream reservoirs (or  reservoir sites) and no 

upstream irrigation diversions. This potential content, R* , i s  sub- 
CP 

tracted from a target content, R* to get a f irst  value, R of the 
ct' sl' 

potential shortage in the reservoir.  

2.41 If Fatha i s  not in the system the potential shortage at Fatha, 

Rs l ,  i s  the required discharge past Samarra plus the demands between 

Fatha and Samarra minus the natural inflows between the darnsites and 

Fatha. 

2.42 If one or  more of the upper reservoirs i s  eliminated from the 

system, then i ts  inflow will reach Fatha and will reduce the shortage while 

remaining irrigation diversions will increase the shortage. If one or  

more of the upper reservoirs i s  included in the system, then the Fatha 

shortage will be reduced by the amount that the firm reservoir release 

exceeds local demands. It i s  of course necessary to  check that the short- 

age i s  not negative, in which case i t  i s  put equal to zero. 

Flow Diagram 8, Evaluation of Coefficients in Phasing Equations a n d  - - 
Solution - of p?;asing ~ ~ u a t i o z  

2.43 The physical condition which the phased reservoirs must satisfy 

i s  that a t  the end of any one month they should be "equally filled, " where 

the "fullness" i s  defined as the ratio of contents in excess of the rule 

curve minimum value for the month to the allowed variation between maxi- 

mum and minimum content at  the end of that month. Mathematically this is 

expressed by 

D* - D* B* - B* M* - M* 
c l  cmin - c 1 cmin - c l  cmin - - 

D* - D* B* - B* M* - M* (I) ,  (2) 
c m a X  cmin cmax cmin cmax un in  



2.44 The shortage at Fatha (R , which i s  to be supplied from these 
S 

reservoirs,  has already been determined. The terms d, b, and m a re  

defined a s  the proportion to be supplied from Dokan, Bekhme, and Eski 

Mosul respectively, i. e.  

and 

2.45 Then Flow Diagram 8 gives the formal solution of these equations. 

Positive values of d, b, and m satisfying equations (1) through (6) a r e  found 

(negative solutions a r e  physically inadmissible), and hence the demand dis- 

charges D 
d l '  Bdl 

, and M a r e  determined.' This apparently elaborate 
d 1 

method i s  adopted to facilitate the exclusion of any reservoir from the 

system in cases where d, b, o r  m becomes negative or where it i s  required 

to exclude a reservoir for a particular computing run for some other reason. 

Flow Diagram 9, Eski Mosul Discharge and Contents - -- 7 

Flow Diagram 10, Bekhme Discharge and Contents -- 
Flow Diagram 11, Dokan Discharge and Contents -- -- 
Flow Diagram 12, Fatha Discharge and Contents --  -. 

2.46 With the computation of D B and M in Flow Diagram 8, 
d l '  d l '  d 1 

the summation of demands has been completed to the head of the system. 

The next step i s  to calculate the actual discharges from the head to  the tail 

of the system. This i s  the routing referred to in the Introduction to Chap- 

t e r  D-2 as  step c. (For  the Diyala River and linkage canals steps b. and 

c. are  combined in Flow Diagrams 3 and 4. ) 



2.47 The standard storage reservoir routine, described in detail 

for  Derbend-i-Khan in Flow Diagram 3, i s  also applicable to  these four 

reservoirs.  If any of these reservoirs i s  not in the system, i t s  dis- 

charge i s  of course equal to i ts  inflow less any local offtake. 

Flow Diagram 13, Final Discharges from Wadi Tharthar - 
in Tigris at  Samarra --- 

2.48 The previous flow diagram carried the routing downstream to  

Samarra by deducting the diversion in reach RS. This diversion actually 

i s  made at  Samarra but i s  considered to be in the reach. 

2.49 When Wadi Tharthar i s  not used for irrigation storage, Flow 

Diagram 13 i s  essentially by-passed. 

2.50 When Wadi Tharthar is used for irrigation storage, excess 

flows at  Samarra a r e  diverted into i t  provided that these excess flows do 

not exceed the inlet channel capacity, in which case the flows a r e  diverted 

only to the capacity of the channel. 

2.51 The computations then proceed downstream to the Wadi Tharthar 

outlet channel. The discharge to be given from this channel has already 

been tentatively computed (W in Flow Diagram 5). but it was not then 
d5 

known whether or not there would be a surplus discharge from upstream, 

such a s  spill from reservoirs.  If there i s  such a surplus, the revised 

requirements from Wadi Tharthar, Wd6, i s  calculated a s  the f irst  estimate, 

Wd 1 
, adjusted for the difference between the ear l ier  (X' ) and later 

sy2 

('idnl 
) figures for the flow of the Tigris River upstream from the Wadi 

Tharthar outlet. 
Wd6 

i s  then checked to  make sure that i t  is neither 

greater than Wadi Tharthar can supply (W ) nor negative (W . The 
d7 d8 

resulting provisional end-of-month content of Wadi Tharthar, W* i s  then 
c l  



checked against the reservoir rule curve, and the final values of S 
u 

and W a r e  determined. 
d 

Flow Diagram 14, Contents of Wadi Tharthar and Discharges - - --- - 
in Tigris below Samarra - 

2.52 The final content of Wadi Tha.rthar is  computed on the basis of 

final values of inflow, outflow, and evaporation. 

2.53  The next step consists of computing the actual flow at  al l  key 

points from Sarnarra to Kut. At a p0in.t upstream of the Wadi Tharthar 

outlet channel the flow i s  computed both with and without the non-usable 

"torrential" component, A 
it '  

2.54 The last step i s  to compute the residual flow at  the end of the 

system both including and excluding the non-usable torrential flows, 
*it 

and G 
it '  

This step concludes the monthly computations. 
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Exhibit D-2 

MEANING OF SYMBOLS USED IN COMPUTER STUDIES - -- 

a 

b 

b 

C 

cav 

C C 

CP 

C S 

csav 

ct 

d 

d 

d 

da 

dc 

dgs 

dns 

Adhaim Weir 

Bekhme Reservoir 

Bekhme phasing coefficient (not subscript) 

Reservoir content 

Average contents for month 

Reservoir command content 

Provisional reservoir content, omitting controlled 
inflows 

Content in a subroutine 

Average content for month in a subroutine 

Target reservoir content 

Dokan Reservoir 

Controlled discharge, may be followed by a subscript 
digit, but i s  never associated with another subscript 
letter (except with "s" in a subroutine) 

Dokan phasing coefficient (not subscript) 

Discharge required to satisfy demands on a reservoir 
for reaches above phasing point 

Critical discharge (minimum) in r iver below a "structure" 

Gross surplus discharge 

Net surplus discharge 
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Meaning - of Symbols -- Used in Computer Studies (continued) 

ds 

e 

f 

g 

i 

i c  

id 

idn 

it 

j 

k 

Discharge in a subroutine 

Evaporation loss (As a prefix it i s  used with p a s  a 
coefficient to X X , X X , and X . )  

dl '  l a  ag' ng - - g 

Confluence of Great Zab with Tigris 

Diyala Weir 

Natural non-torrential inflow to a storage reservoir 
or reach 

Minimum allowable discharge above a confluence 
(applies only to  Tigris above point F) 

Final computed discharge in the Tigris above a confluence 
or a control point (other than Eski Mosul) 

Net "id" (minus torrential component) 

Natural torrential inflow to a reservoir 
or to the Tigris at the point R or to a tributary inflow 
(+ or  - )  assumed concentrated at  J 

Confluence of Adhairn with Tigris 

Kut Barrage 

A constant to apply to total reservoir content to  adjust 
for dead storage 

A constant to  apply to combined contents of Dokan plus 
Derbend-i-Khan to adjust for dead storage 

June f irst  specified quotient in Flow Diagram 1 

A value of e 

A value of e 
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Meaning - of Symbols -- Used in Computer Studies (continued) 

November f irst  specified quotient in Flow Diagram 1 

Nc . A specified constant to which - IS compared 
D c 

Head of Zab-Adhaim Linkage Canal and tail  of Makrnour 
Canal (The small letter i s  underlined in typescript to  
distinguish it from unity. ) 

Eski Mosul Reservoir 

Eski Mosul phasing coefficient (not subscript) 

Derbend-i-Khan Reservoir 

Distribution coefficient (It i s  always defined by three 
subscript letters,  the f irst  denoting the supplying re-  
servoir, the last two denoting the reach supplied. The 
subscript actually used in the calculations a r e  "mfr" 
and "bfr. " All subscripts with the same two terminal 
letters must add up to unity. ) 

Percentage of total irrigation demands to  be supplied 

Discharge at  the tail of a linkage canal 

Confluence of Lesser Zab with Tigris (Fatha Reservoir) 

Samarra Barrage 

Total contents of Eski Mosul, Bekhme, Dokan, Fatha, 
Derbend-i-Khan, and Tharthar Reservoirs (For  Tharthar 
W -W must be positive. ) 

C CC 

Critical value of S 
(c) 

Potential shortage at Fatha, may be followed by a 
subscript digit, but i s  never associated with another 
subscript letter when it has this meaning (If it follows 
the letter "d" or "c" in a subscript i t  indicates that - 
the values a r e  in a subroutine. ) 
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Meaning - of Symbols -- Used in Computer Studies (continued) 

- 

- 

v 

W 

X 

X' 

- 

Y 

- 

z 

Misc: - 

Discharge in Tigris below a confluence (The subscript 
"d" i s  used when there i s  a control work on the river, 
a s  at Fatha, Samarra, and Kut. ) 

Discharge at the head of a distributary whether a 
linkage canal or the Wadi Tharthar feeder 

Minimum allowable value of X to satisfy navigation 
requirements below Kut 

k 

Wadi Tharthar Reservoir 

Net irrigation requirement (The point o r  reach in 
question i s  defined by one or two subscript letters.  ) 

Unsatisfied irrigation requirement after the net 
requirement has been partially supplied (It i s  defined 
in the same way a s  "X, " but may be applicable to the 
ser ies  of reaches between i ts  subscripts. ) 

Percentage of normal irrigation demands to be 
satisfied from June through October 

Confluence of Diyala and Tigris 

Percentage of normal irrigation demands to  be 
satisfied from November through April 

Head of Makmour Canal 

The subscripts "c" and "d" may be followed by the 
additional letters "max" and "min". , these signify the 
maximum and minimum values which a re  allowable. 
Digits following a subscript "c" or "d" indicate 
successive tr ials  for the values of the quantity concerned. 

Capital letters a r e  never subscript, but small letters 
always a r e  unless otherwise stated. A capital with 
subscript "c" may car ry  a star  (*I, and it then refers 
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Meaning - of Symbols Used in Computer Studies (continued) -- 

to the end of the month; otherwise the subscript 
I ~ ~ I I  refers to the contents of the reservoir at the 

beginning of the month. Unless it i s  included in 
the above list, a two-letter subscript defines a 
reach of river. 

The unit of time i s  one month, and quantities 
of water are  measured in cumec-months or 
cumens. Three hundred and eighty (380) cumens 

9 equal about one milliard (10 ) cubic meters. 
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Flow Diagram 1, Overall Program - 
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Flow Diagram 1, Overall Program (continued) - - 
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Flow Diagram 2, Month1 Calculations 

-7- 
Derbend-i-Khan discharge 

Diyala River, linkage canals, 
and Tigris at  Samarra with 
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F.D. 5 
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Flow Diagram 2, Monthly Calculations (continued) - - 
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Flow Diagram 3 ,  Derbend-i-Khan Discharge and Contents - 

G = Inflow from link canal system (specified) 
q 1 

J. 
G = Zero G = G  

4 

i 
q q2 

< - I 

I Ndl 
= pe (X + X ) - G + G - smaller (G, zero) 

ng g 4 dc lt' 
I 

INd2 

G 
= Minimum allowable discharge 

d l '  Nd2) 

based on reservoir contents at  beginning 
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I I 
Flow Diagram - 3, Derbend-i-Khan Discharge - and Contents (continued) 

1- + 
Subroutine for Nd5 & 

Subroutine for Nd tIk3 

Note: For  the form of the subroutine see F. D. 15. - 
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Flow Diagram 4, Diyala River, Linkage Canals, and Tigris - 
at  Samarra with Wadi Tharthar not in Use -. -- 
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Flow Diagram 4, Diyala River, Linkage Canals, and Tigris 

I a t  Samarra with Wadi Tharthar not in Use (continued) - -- --- 
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Flow Diagram 5, Provisional Discharges from 
Wadi ~ h a r t h a r  and in Tigris at  Samarra 

7- - 

From F. D. 4. 

I 

Isdl 
= Greater (XI 

syl l  'dC'.l 
I 

5:; ::::s s than 

Greater (Nd - Ndl), zero zero, there i s  a 
L1warning Stop. " 

I 

= Maximum allowable discharge 
based on W only 

d l '  Wd2) 
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Flow Diagram - 5, Provisional Discharge from 
Wadi Tharthar and in Tigris at  Samarra (continued) I -- -- - 

G 
To F.D. 6 .  
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Flow Diagram 6, Firm Requirements from Phased Reservoirs - -- 

From F. D. 4 or F. D. 5 
-7 - 
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I (continued) 

Note: - 

In this flow diagram, Dd2, Bd2, and M are minimum permissible 
discharges. 

d2 
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Flow Diagram - 7, Potential Shortage at Fatha -- 

Minimum allowable discharge at 
Fatha 

C 
R = R -M. + p (X +X +O X ) 
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/ Flow Diagram - 7, Potential Shortage -- at  Fatha (continued) 
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s 3 dc da dal  
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Flow Diagram - 8, Evaluation of Coefficients in  Phas ing  - - 
Equations and Solution of Phasing Equations - 

F r o m  F. D. 7. 

I 

C 
1 $d. 

= (D* - D* 
cmax cmin ) / R  

S 

I = (B* - B* 
cmax cmin ) / R  I 

S 

1 ed 

C 
= ( D c + D .  - D  - D  - D *  ) / (D* - D+ 

1 e da  cmin cmax cmin) I 
e b  

= ( B  + B . - B  - B  - B *  ) / (B* - B* 
c 1 CA da cmin cmax cmin) 

= (M + M .  - M  - M  - p X m  - M* /(Ma - M* em c 1 e da cmin cmax cmin ) 
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Flow Diagram 8, Evaluation of Coefficients & Phasing I 
- 

I Equations - and Solution - of Phasing Equations (continued) 
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Flow Diagram 9, Eski Mosul Discharge and Contents 

F rom F. D. 8. 

I 
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rMd4 

* 
= Maximum possible discharge based on M 
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Flow Diagram 9, Eski Mosul Discharge and Contents (continue - -- - 

Subroutine for M dIJ 

. - . - WARNING 
STOP 

J 
F.D. 10. 

Note: - 

For  the form of the subroutine see  F. D. 15. 
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Flow Diagram - 10, Bekhme Discharge - and Contents 
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I Flow Diagram 10, Bekhme Discharge and Contents (continued) - 

Subroutine for B 
d 

I 

- - - WARNING 
STOP 

+ 
To F.D. 11. 

Note: 

For  the form of the subroutine see F. D. 15. 
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Flow Diagram 11, Dokan Discharge and Contents -- - 

I Dd4 
= Maximum possible discharge based on D 
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Subroutine for  D - 
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- -- 
I l l  

Flow Diagram 11, Dokan Discharge and Contents (continued) - 

D 
d7 

= D + D *  - 
d5 c l  

D* 
Y v v 1, 

cmax D =D 
d d5 

D =D 
d d6 D =zero  

d 
C 1 

- - 

Subroutine fo r  D 1 

Note : - 
F o r  the fo rm of the subroutine s e e  F. D. 15 
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Flow Diagram -- 12 ,  Fatha Discharge - and Contents 

F r o m  F. D. 11. 

IRd4 
= Maximum possible discharge based on R 

C 

I 

Subroutine fo r  R iai 

IS R 7 zero?  
cmax 

Ye No 
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1 
I 

I 

Flow Diagram -- 12, Fatha ~ i s c h a r ~ e  and Contents (continued) - 

I 
Subroutine for R 

d 

- 
. . - 

Note: - 
For  the form of the subroutine, see F. D. 15. 
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Flow Diagram 13, Final Discharge from Wadi Tharthar - -- 
and in Tigris at Samarra 
7- - 

From F. D. 12. 

I 
1 

11s Wadi Tharthar used Z @- 
I 

d. 
S = Smaller (S S 
u2 u l '  umax 

) 

- 
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Flow Diagram 13, Final Discharges from Wadi Tharthar --  -- 
and in Tigris a t  Samarra  (continued) -- - 
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Flow Diagram 14, Contents of Wadi Tharthar  9 - 
Discharges in  Tigr i s  below S a m a r r a  - 
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Flow Diagram 14, Contents of Wadi Tharthar  and I - ----- - 
Discharges in Tigr i s  below Samar ra  (continued) - 

Return t o  F. D. 1. 
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Flow Diagram 15, Typical Subroutine for Maximum - - - 
Mean Discharge Possible from Reservoir - - 

From F.D. 3 (for example) 
I 

= Maximum possible discharge 
based on N .-. .. 

csav 

I 
I 
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The same form of subroutine applies wherever specified in F. D. 9, 
F.D. 10, D l ,  andF.D. 12. 

Flow Diagram 15, Typical Subroutine for Maximum - - 
Mean ~ i s c h a r ~ e  Possible from Reservoir (continued) - - 

v 1 I 
= N - 

d5 d3 INd5 - Nds21 1 Nd5 = ~ d 3 1  

- 1 - > 

Return !o F. D. 3. 
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Exhibit D-4 

HYDROLOGICAL SURVEY OF LRAQ -- 
TIGRIS OPERATION STUDIES - PROGRAM NO. . . . . 
RECORD OF SPECIFICATION FOR IBM COMPUTER - -- 

Phase  - , Date: Formulated - 
General Identification 

1. Reservoirs  
2. I rr ig.  Level 
3. Kut Req't. 
4. Eski  Mosul Reqt. 
5. Rit 

Irrigation Delivery Constants 

Form 20 

- - ; Sent to  London ; Run - ; Printed 

25. V1 47. Rd2 
26. 48. GIdc 

49. AtdC 
Specified Reservoir 50. Ldc 
Contents 51. Zdc 

52. Fic 
27. N,, 53. Sdc 

28. Dcm, 54. GIq 
29. B,, 55. Lq 
30. M c m z  56. 
31. R,, 57. 
32. Wcm, 
33. Ncmin lnitial Content (if dif- -- 
34. Dcmin ferent f rom c max)  

35. Bcmin 
36. Mcmin 58. 
37. R,in 59. 
38. Wcc 60. 
39. Rct 
40. Other 
41. 

61- Omfr 
Flow Limitations - 62- Obfr 

63. 

42. s m a x  64. 
43. Nd2 65. 
44. Dd2 66. 
45. Bd2 67. 
46. Md2 68. 

69. 

(See reverse  side for comments on purpose and procedure and for remarks) .  



Purpose: 
IJ 

il 

Procedure: 

ull Remarks : 
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Exhibit D-5 

DETAILS OF DIFFERENCES BETWEEN 
PROGRAMS 1.1 AND 1.2 --- 

Elimination of Cycling - 
The following subroutine i s  used for the reservoirs at  Dokan, Bekhme, 

and Derbend-i-Khan. In order to relase the necessary space for storage 

of the extra instructions in the computer, the discharge capacities of Eski 

Mosul and Fatha have been made unlimited. 

New Discharge Subroutine - 
ENTRY 

I = Monthly inflow (net) 
C = Content 
D = Discharge 

Find portion of discharge on which 
C lies. 

Assume that locally, i. e . ,  between 
any two nodal points, D = aC  4 b 

EXIT 
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Elimination of Residual Flows at  Kdns - 
This change consists in revising the last part of Flow Diagram 8 a s  

follows : 

Y e s c I s  m negative? 
I 

(in existing F. D. 8) 

1 

4 
Yes 

s 

J 

I S d  > m1 1 
dR = R  - b R  -m R mR = R  

s 1 s  1 s S s 

.1 

I s m  > b  
8 1 1 

Yes No 
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Revision of - Criteria to Determine Scheduling of Summer Irrigation - - 

In several of the studies that involve storage at  only two or  three 

upstream reservoirs,  the draft on storage i s  so heavy in the summer of 

1930 that large shortages in the following winter can be avoided only by 

selecting an uneconomically low value of irrigation demands (Pl). This 

situation occurs because the June-through-October streamflow for 1930 

i s  the lowest of the entire period studied. 

In actual practice this low summer flow could be predicted by June 

f irst ,  since there i s  a good correlation between May flow and June-through- 

October flow; the reservoir content cri teria S and S could be revised 
cc l  cc2 

accordingly. 

The program has been modified to  adjust S and S in accord- 
cc 1 cc2 

ance with the May streamflow. The most convenient index of May flow 

would be the sum of the May inflow to the four upstream reservoir sites. 

This i s  computed by the machine in May, and the adjusted values of S 
c c l  

and S can be expressed by the following equations: 
cc2 

S = S + 0.8 (3000 - May Inflow) 
cc l '  cc l  

S = S + 0. 8 (3000 - May Inflow). 
cc2' cc2 
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Exhibit D - 6 

BASIC DATA, VARIABLES AND UNKNOWNS 

Basic Data -- 
Basic data for the Tigris operation studies were furnished by the 

Hydrological Survey of Iraq. Their values do not change from run to  run, 

but different studies may of course use different combinations of data. 

Some of the data a r e  subject to revision from time to time a s  the studies 

of the various organizations which originally furnished them continue. 

The basic data a r e  a s  follows: 

1. - Inflow. Monthly figures for the period of the analysis. 

2. Reservoir evaporation losses. Average annual losses 
for different contents and a percentage factor for each 
month. 

B D M N R W  
e e e e e e 

3.  Maximum physically possible discharge from storage 
reservoirs.  Tables of discharge versus contents. 

4. - Net irrigation diversions. Monthly throughout year for 
each of three stages of development. 

Of these, X may have a negative value in some studies. 
mf 

The diversions underlined may be put equal to  zero o r  
given different values in the computation when certain 
reservoirs a r e  eliminated. 
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Items Which May Vary from Run to Run -- ---- 
These items are  specified for each run by the Hydrological Survey 

of Iraq. For any particular run many of the items a re  omitted or given 

values that automatically eliminate them from the computations. In case 

of a revision of the program there may be slight changes in the list. The 

items for Programs 1.1 and 1.2 are  as  follows: 

Reservoirs. Bekhme, Eski Mosul, Fatha, and Wadi 
Tharthar Reservoirs may be in or out of the system. 

Maximum allowable contents of storage reservoirs - 
(Flood control "rule - curves"). Monthly values of 
these contents at end of month for a full year. 

N D B M W R 
cmax cmax cmax cmax cmax cmax 

Minimum allowable contents - of storage reservoirs. 
These a re  usually constant throughout a year, but pro- 
gram can handle different values for each month. The 
items are: 

N D B M R 
cmin cmin cmin cmin cmin 

Minimum content of Wadi Tharthar Reservoir for -- - 
command. This will be a constant value throughout 
a particular run. 

W 
CC 

Minimum target content - of Fatha. This value i s  usually 
constant throughout a year, but the program can handle 
different values for each month. 

Minimum allowable discharge b e  storage reservoirs. 
These values a re  usually constant throughout the year, 
but the program can handle different values for each month. 
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7. Canal capacities 

G L S W 
q l  q umax dmax 

8. Critical total reservoir contents - 
S S S 

(cc) 1 ( c c ) ~  ( c c ) ~  

9. Percentage of full irrigation demands -- 
p1 

X 
1 

X 
2 Y 

10. Irrigation delivery constants 

K 1  K2 K3 K4 K 5 K 6 K7 

11. Irrigation distribution characteristics 

0 0 
mfr bfr 

12. Navigation requirements 

v 
1 

13. Minimum river flow. Fo r  "amenities. " -- 
G A L Z F 

dc dc dc dc i c  dc 
S 

Results Punched 

CI1 Firs t  Monthly Card 

u Reservoir discharges: 

rl Bd Dd Md Nd Rd Wd 

Reservoir contents: 
II B D M N R W .  

C C C C C C 
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Flow at Baghdad,Y - G 
t d 

S at  end of month 
(c)  

K 
dns 

Second Monthly Card - 

Canal head .discharges: -- 
Z L A S  

U U U U  

S (irrigation) for month 

S (evaporation) for month 

Yearly 

S at  end of May 
(c)  

S at end of May 
(e) 

Annual evaporation for each reservoir: -- 
S (irrigationkfor each reservoir 

(Kdns 
) both positive and negative summations 
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Exhibit D-7 

PROGRAM OPERATING INSTRUCTIONS 
FOR THE ELECTRONIC COMPUTER -- 

Introduction 

This exhibit contains al l  the necessary information to enable a 

complete r u n  to be made on the IBM Type 650 computer, including pre- 

paration of data, operating the machine, program and e r ro r  stops, and 

tabulation of results. The wiring diagrams for the 407 control panels 

a r e  not included. 

The data for 

Preparation of Data -- 

each run a r e  divided into five secti ons a s  follow 

1. 11Card parameter cards. These a r e  defined by the 
specification record (Form 20) and a r e  read into 
individual locations along with the program. 

2. Monthly inflow data. This consists of one card for -- 
each month of the run, these being read by the program 
a s  the run progresses. 

3. Reservoir limits and irrigation offtake data. This -- 
consists of 4 cards for each month of the year giving 
a total of 48 cards in the complete deck. This deck 
must be recirculated through the 407 read feed a s  the 
run progresses and in practice it i s  useful to  have 2 o r  
3 copies of the deck in order to  save card handling. In 
this section there a r e  also 8 header cards which a re  used 
for the PRE-TOS print out program. 

4. Tables of discharge and evaporation. These a r e  loaded 
7 per caTd along with the program. 
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5. Console setting. This i s  determined by the particular 
reservoirs included in the run and also by certain other 
criteria. 

Detailed preparation of data for the individual sections i s  explained 

below. 

Parameter Cards 

The complete list  of specification records and items together with 

the locations into which they a r e  to be loaded follows: 

No. on No. on No. on 
S /Rcd Item Loc'n. Sp/Rcd Item Loc'n. Sp/Rcd Item Loc'n. P-- -- 

S 0355 5 1 
(cc)3 

K7 
1594 5 2 

v1 
1863 53 

W 0072 
CC 

54 

S 
umax 

1843 5 5 

Nd2 
0275 6 1 

D 
d2 

1303 6 2 

B 
d2 

0620 

M 
d2 

0520 

Rd2 
0925 

G' 
dc 

0853 

A' 1053 
dc 

L 
dc 

1021 

z 
dc 

0178 

F. 
1 C  

0612 

S 
dc 

0268 

G' 0900 
q 1 

L 0162 
9 

0 
mfr  

0902 

Obfr 
0952 

N . . .  0122 
c lnltial 

D c mltial . .  0506 

B . . 0048 
c lmtlal 

M . . . 0014 
c lmtlal 

Rc initial 
0130 

W 
c initial 

0015 

The values of these parameters a r e  obtained from the specification 

record (Exhibit D-4). The initial contents of the reservoirs will be 
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obtained from the particular rule curves stated by the specification record 

in items 27-32. Unless otherwise stated the values taken from the rule 

curves will be those for the end of May. If the initial contents a r e  differ- 

ent from the rule curves they will be specified by items 58-60. 

Each item i s  loaded by means of a single load card. Thus if, for a 

particular run, we wish to  alter only the value of, say, pl,  we need alter 

only the relevant card. 

The program i s  normally set to run from 1929 to 1937. If it i s  

required to  run for the whole of the 27-year period, an extra card must 

be put a t  the end of the parameter cards to load 0000501956 into location 

1687. 

Monthly Inflow Data -- 
Monthly inflow cards will be one of two decks depending on whether 

the system i s  to  be run "With Bakurman" or  "Without Bakurman" (see 

Specification Record, item 5). The two decks a r e  marked accordingly. 

The format of these cards i s  a s  follows: 

XX = Month 
XXXX = Year 

Card Columns 

Signs must be punched over columns 8, 16, 24, 32, 40, 48, 56, 64, 

72, and 80. In addition an 11 must be punched in card column 2. 

73 80 
Zeros 

65 72 

Jit  

1 8 1.9 16 57 64 

%t 

17 24125 32 
OXXOXXXX 

49 56 

Git 

33 40 

Mi B. 
1 

A. lt 

41 48 
N. 
1 

D 
i 
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Reservoir Limits - and Irrigation Offtake Data 

This i s  the most complicated part of the data, and great care  should 

be taken in the preparation and checking. The deck consists of 48 cards, 

four for each month of the year, with formats a s  follows: 

Card Columns 

D* 
cmax 

x R* 
f r  cmax 

X N* N* X 
g cmin cmax ag 

X. X R* 
r s  

X 
JY ct f r  

D* B* B* M* 
crnin cmax cmin cmax 

R* i n  Xrs  I X .  sJ I xjy 

Signs must be punched over card columns 8, 16, 24, 32, 40, 48, 56, 

64, 72, and 80. 

The " n r  in columns 1 and 2 refers to the month and varies from 1 to 

12. The "n2" in columns 7 and 8 i s  to  identify the number of the card in 

the deck and varies from 1 to  48. The evaporation percentage is the monthly 

distribution of the annual evaporation and has the following values in order 

from January to  December: 

The "X's" refer to  the irrigation offtakes. It will be noted that 

some of them appear on two different data cards in the same month. This 

i s  because, owing to the circulation of data, the information on any given 

card i s  available for only a limited period; it i s  thus necessary in some 

cases to repeat the information. 

The actual data used for the irrigation offtakes depend on the irriga- 

tion level and Eski Mosul requirement a s  indicated by the specification 

record (items 2 and 4). 
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The reservoir maximum and minimum data and target figures (qt) 
are  defined either by a rule curve or by a definite figure (eg , &in = 200) 

indicated in the specification record. In the case of a constant figure, i t  

must be on the data card for each month of the year. 

The eight header cards which a r e  at  the beginning of the 407 data 

cards consist of the following: 

1. A single card punched a s  follows: 

C. c. 2 - 11 punch 
C . C .  9 - 11 TOS 
c. c. 17 - 19 RUN 
c. c. 22 - 24 No. of Run 
c. c. 33 - 37 SPECN. 
c. c. 41 - 46 RECORD 

2. Four cards which a r e  duplicates of the 407 data cards for May 
(i. e . ,  the last four cards in the main 407 deck). 

3. Three blank cards. 

Tables - of Discharge and Evaporation 

These a r e  loaded 7/Card along with the program. 

In general a l l  the evaporation and discharge tables can be loaded 

with al l  runs, since i f  a particular reservoir i s  not included, the program 

itself will ignore the tables pertaining to  that reservoir.  The one excep- 

tion i s  Dokan Reservoir, for which there a r e  two discharge tables, one 

using two penstocks and the other using five penstocks. Each of these i s  

on a separate card, and for each run the appropriate one should be in- 

cluded. 

Under the current system (Program 1 . 2 )  of including the discharge 

tables, provision i s  made for up to  12 nodal points per reservoir, the 

following regions being allocated: 
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locations 0000-001 1 Bekhme nodal points 
locations 0050-0061 Dokan nodal points 
locations 0100-01 11 Eski Mosul nodal points 
locations 0150-0161 Fatha nodal points 
locations 0200- 021 1 Derbend-i-Khan nodal points 
locations 0250-0261 Wadi Tharthar nodal points 

In any given location the content i s  stored in the more significant half and 

the corresponding discharge capacity in the less significant half of the 

location. 

The evaporation tables a r e  included for values of the content at  

intervals of 100 curnens. Storage i s  allocated a s  follows: 

locations 0400- 0432 Bekhme Evaporation Table 
locations 045 0- 048 1 Dokan Evaporation Table 
idcations 0550-0597 ) 
locations 0600-0602 ) 

Eski Mosul Evaporation Table 

locations 0650-0664 Derbend-i-Khan Eva~orat ion Table 
locations 0700-0747 ) 
locations 0750- 0797 ) 

Fatha 

A 

Evaporation Table 

locations 0800-0828 Wadi Tharthar Evaporation Table 

The data a r e  stored in the locations a s  in the discharge tables; i. e . ,  the 

content in the more significant half and the corresponding evaporation in 

the less significant half. 

Console Setting 

The console setting for a particular run i s  determined by the answers 

to a ser ies  of questions regarding that run. Depending on the answers, 

the console switches a r e  set to either 8 or 9 a s  follows: 
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Position 1 Is Wadi Tharthar included? 
2 IS Eski Mosul included? 
3 Is  Bekhme included? 
4 Is Dokan included? 
5 Is  Fatha included? 
6 Is monthly punching required? 
7 Is recycling required? 
8 Is it required to change style 

of punching on recycling? 

Yes No - - 
8 9 
8 9 
8 9 
8 9 
8 9 
8 9 
8 9 

Positions 9 and 10 a re  not used. Note that by "position 1" the least 

significant ( right hand) position i s  meant. 

Program Operation 

The panels used for running Program 1.2 a r e  the Standard DPC 

panel on the 533 and DPC panel No. 7 on the 407. The switches a r e  ini- 

tially a s  follows: 

650 Console - 
Programmed STOP 
Half Cycle RUN 
Control RUN 
Overflow STOP 
Error  STOP 
Display PROGRAM REGISTER 

407 - 
Alteration Switch 2 - ON 
All others (including end of file) - OFF 
407 switched to hook-up operation 

It i s  essential to zero the drum before commencing any run. In 

addition, should more than one run be made during any spell on the machine, 

the drum must be zeroed and the program reloaded between each run or  --- 
partial run. 
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After the drum has been zeroed, load the 533 read feed with follow- 

ing decks in order: 

1. The l / ca rd  parameter cards which have been punched 
from the specification sheet for that run, 

2. PRETOS program deck, 

3. Program 1.2 program deck. 

Load the 407 feed with the f irst  eight cards (the eight header cards) 

from the 407 data deck. The f irst  of these header cards should contain 

the number of the run in card columns 22-24. 

Set 70 1951 3000 on the console; press  "computer reset" and 

"program start"; and also press  start  key on 533. When program stops 

on "73" instruction, press start  button on 407. When program stops on 

"74" instruction, put 407 End of File switch on and press 407 start  button; 

then remove first  deck of cards (parameter cards) from 533 read stacker 

and put on top of cards in 533 read feed. 

When program stops again on "70" instruction with no more cards 

in 533 read feed, press End of Filebutton to  finish off the card reading. 

Then run cards out and load the read feed with appropriate monthly inflow 

data deck. 

Run out cards from 407 read feed and put End of File switch off. 

Reload the feed with remainder of 407 data cards. Set the console accord- 

ing to instructions for the run in progress. Transfer control to 0300; 

press  computer reset  and start.  Whenever the program stops on a "73" 

instruction, remove the cards which a re  in the 407 stacker, put in the 

read feed, and press  the start  button. Thus the 407 data deck (less eight 

header cards) i s  circulated through the 407, the number of times depending 

upon the length of the run. 
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Program and Er ro r  Stops -- 
Program stops a r e  tabulated a s  follows: 

Program Register Cause - 
End of Run 

d + b + m  
not nearly 
equal to 
unity (. 98 
or  less)  

Procedure 

Note L. A. (= N - Nd). 
Note Dist. (= N:!. 
Make a note of card held fast in 
533 read stacker. The month 
concerned is two months later  
than this. 

Put PROGRAM RUN and press  
start. 

NoteDist. (d + b + m). Then a s  
for (b) above. 

Note L. A. (Fid). 
Note Dist. (F. ). 
Then a s  for (6f above. 

Note L. A. ( Z  ). 
d 

Note Dist. ( Z  ). 
Then as for (&above. 

Note L. A. (Ld). 
Note Dist. (L  ). 
Then a s  for (&above. 

Note that al l  programed stops have 01 a s  the most significant digits in the 

program register. 
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If the program stops with the distributor e r r o r  light on and the 

instruction address of the program register i s  0354, one of the data cards 

i s  in e r ror .  

If the data address of the program register i s  between 1951 and 

1960, it i s  a 533 data card. Remove the cards still  in the read feed and 

run out the remainder. The e r ro r  card i s  the fourth from the back. If 

there a r e  no cards in the read feed when the e r r o r  occurs, it can be located 

by removing all the loose cards in the stacker and then running out the re -  

mainder; after taking these steps, the e r ro r  card i s  the third from the 

front. 

When the e r r o r  card has been located and corrected, put it back in 

i ts  correct place in the deck, and beginning with that card reload the cards 

into the read feed. Transfer control to 0350. 

If on the other hand the data address of the program register i s  

between 1939 and 1948, the e r ro r  i s  on a 407 data card. A similar tech- 

nique i s  employed to  find the card in error .  After correction replace in 

407 read feed a s  with 533 e r r o r  procedure. The res tar t  address depends 

upon the contents of location 0310, a s  follows: 

If C(0310) i s  65 1946 0360, transfer control to  0304. 
If C(0310) i s  60 1940 1895, transfer control to 1103. 
If C(0310) i s  60 1940 0996, transfer control to 0860. 
If C(0310) i s  65 1954 1810, transfer control to 1390. 
If C(0310) i s  65 0012 1790, transfer control to  1490. 
If C(0310) i s  65 0012 1634, transfer control to 1545. 

Any other e r r o r  stops a r e  due to  possible machine e r rors .  

Note that should the machine run for more than ten seconds without 

punching (if  it i s  set for monthly punching) o r  should it run for more than 
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two minuites without punching (if  it i s  set for yearly punching), it i s  likely 

that i t  i s  cycling, a condition which may a r i se  from the state of the re-  

servoirs. In this event carry  out the following procedure: 

2. Address stop 0914 and press Program Start. 

3. Half cycle one step and notice the program register. 
This will identify the reservoir,  a s  follows: 

If P. R. i s  16 0245 0515, reservoir i s  Derbend-i-Khan 
If P.R. i s  16 1013 1718, reservoir i s  Eski Mosul 
If P. R. i s  16 0963 1570, reservoir i s  Bekhme 
If P. R. i s  16 0829 1333, reservoir i s  Dokan 
If P.R. i s  16 1126 1681, reservoir i s  Fatha 

Also note Lower Accumulator for value. 

4. Repeat step 2 above two or  three times in order to 
obtain the values between which the discharge i s  
oscillating. 

Listing of Results - 
Run out the cards from the punch stacker and remove the blank 

cards from the front and back. Sort the cards on card column 1. This 

produces three decks of cards except when the machine has been set for 

yearly punching, in which case there will be only the one deck. The 

decks a r e  labeled a s  follows: 

A. Monthly cards (1 in card column 1) 

B. Monthly cards (2 in card column 1) 

C. Yearly cards (3 in card column 1) 
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and list with special tape 

A and T. 0. S. 407 panel 1. Put a blank card at the head of Deck B and 

list with special tape A and T. 0. S. 407 panel 2. Put the three yearly 

header cards at  the head of Deck C and list with special tape B and T. 0. S. 

407 panel 3. 
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Sheet 1 -- 

6 
KUT NET 

Sheet 2 -- 
ZD 

Exhibit D-8 

ABBREVIATIONS USED IN OUTPUT -- 
OF COMPUTER STUDIES - 

End-of-month contents of a reservoir,  cumens 

Average monthly discharge from a reservoir,  cumecs 

Percentage of specified irrigation level to be supplied 

Percentage of specified irrigation level to be supplied 
from Dokan and Derbend-i-Khan Reservoirs 

Flow of Tigris River at  end of system, cumecs 
(Significant negative values indicate shortages. ) 

Flow of Greater Zab River downstream of Makmour 
Canal headworks, cumecs 

Flow of Lesser Zab River downstream of Zab- 
Adhaim Feeder Canal, cumecs 

Flow of Adhaim River downstream of Adhaim-Diyala 
. 

Feeder Canal, ciunecs 

Flow of Diyala River downstream of Diyala Weir, 
cumecs 

Flow at  upstream end of Mahnour Canal, cumecs 

Flow at  upstream end of Zab-Adhaim Feeder Canal, 
cumecs 

Natural flow in Adhaim River, cumecs 

Flow at  upstream end of Adhaim-Diyala Feeder 
Canal, cumecs 
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Sheet 2 (continued) -- 
FID Flow of Tigris River upstream of Greater Zab River, 

cumecs 

Diversion at Sarnarra Barrage into Wadi Tharthar, 
cumecs 

Flow in Tigris River downstream of Sarnarra 
Barrage, cumecs 

Flow in Tigris River downstream of Adhaim River, 
cumecs 

YT Flow in Tigris River downstream of Diyala River, 
cumecs 

KD Flow in Tigris River downstream of Kut, cumecs 

I Total irrigation requirements, cumens 

E Total reservoir evaporation, cumens 

Annual Summary Sheet 

IRRIG DELIVERY Irrigation delivery requirements, cumens 

KDNS Net flow in Tigris River at  end of system, curnens 

Annual evaporation from Derbend-i-Khan Reservoir, 
cumens 

DE Annual evaporation from Dokan Reservoir, cumens 

Annual evaporation from Bekhrne Reservoir, 
cumens 

Annual evaporation from Eski-Mosul Reservoir, 
cumens 
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Annual Summary Sheet (continued) 

RE Annual evaporation from Fatha Reservoir, curnens 

WE Annual evaporation from Wadi Tharthar, cumens 
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Exhibit D-9 

RESERVOIR EVAPORATION DATA 

Eski Mosul Reservoir -- 

Annual Evaporation at  Constant Content (cumens) 
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Reservoir  
Content 

(Curnens) 

RESERVOIR EVAPORATION DATA 

Eski  Mosul Reservoir  (continued) -- 
Annual Evaporation at Constant Content (cumens) 

0 10 20 30 40 50 60 70 80 90 - - - - - - - - - - 
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Reservoir 
Content 

(Cumens) 

RESERVOIR EVAPORATION DATA 

Bekhme Reservoir 

Annual Evaporation at Constant Content (cumens) 
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RESERVOIR EVAPORATION DATA 

Dokan Reservoi r  - 

Annual Evaporation a t  Constant Content (cumens) 
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RESERVOIR EVAPORATION DATA 

Derbend-i-Khan Reservoir 

Annual Evaporation at Constant Content (cumens) 
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RESERVOIR EVAPORATION DATA 

Reservoir 
Content 

(Cumens) 
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Fatha Reservoir 

Annual Evaporation a t  Constant Content (cumens) 
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Reservoir  
Content 

(Curnens) 

RESERVOIR EVAPORATION DATA 

Fatha Reservoir  (continued) 

Annual Evaporation a t  Constant Content (cumens) 

0 10 20 - - - - - - - 30 40 50  60 70  80 90 - - - 
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RESERVOIR EVAPORATION DATA 

Fatha Reservoir  (continued) 

Annual Evaporation a t  Constant Content (cumens) 

0 10 20 30 40 50 60 70 80 90 - - - - - - - - - 
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Reservoir  
Content 

(Cumens) 

RESERVOIR EVAPORATION DATA 

Fatha Reservoir  (continued) 

Annual Evaporation at Constant Content (cumens) 

0 10 20 30 40 50  60 7 0  80 90 - - - - - - - - - - 



NOTE: 

After reservoir operation studies, using the above data, had been 
completed on the computer, e r ro r s  were discovered in the Haigh 
Commission Report's capacity curve for Fatha Reservoir, from 
which the data had been derived. Evaporation losses a s  given 
above for Fatha Reservoir should be reduced a s  follows: 

At a capacity of Reduction in  evaporation i s  

2000 cumens 
3000 cumens 
4000 cumens 
5000 cumens 
6000 curnens 
7000 cumens 
8000 cumens 
9000 cumens 

0 percent 
11 percent 
14 percent 
19 percent 
21 percent 
24 percent 
25 percent 
23 percent 

Manual adjustments to allow for these reduced evaporation losses 
were made to the results derived by the computer. 
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RESERVOIR EVAPORATION DATA 

Wadi Tharthar  Reservoir  

Annual Evaporation a t  Constant Content (cumens) 

0 100 200 300 400 500 600 700 800 900 - - - - - - - - - - 
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RESERVOIR EVAPORATION DATA 

Monthly Distribution of Evaporation a s  Determined 9 the 
Irr igat ion ~ e v e l o ~ m e n t  (Haigh) commission,  1949 - 

Month Jan. Feb. Mar.  Apr. May June July Aug. Sept. Oct. Nov. Dec. - --- - --- 

Evaporation 
(me te r s )  . 03  .04  . 0 7  . 12 .22 . 3 4  . 4 0  .34 .22  . 14 .05  . 0 3  

Pe rcen t  of 
annual 
evaporation 1 2 3 6 11 17 20 17 11 7 3 2 
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RULE CURVES O F  MAXIMUM ALLOWABLE RESERVOIR CONTENT 
USED INTIGRIS IRRIGATION OPERATION STUDIES -- 

End-of-Month Content i n  Curnens --- - 
Rule 

Curve 

- Jan. No. - Feb. - Mar.  - 
Debend-i-Khan (N, max)  - 

1 950 950 
Dokan (D, max)  

1 2,020 2,020 
Bekhrne (B, max)  

1 2,400 2,400 
2 1 ,440 1,440 
3 37 0 370 

Eski  Mosul (M, max) 
1 1,854 1,854 
2 3,954 3,954 
3 2, 854 2,854 

Fatha (Rc max)  
1 7,230 7,230 
2 7,990 7,990 
3 8,750 8,750 

Fatha 
4 4,940 4 ,940 
5 5,700 5,700 
6 6 ,460 6,460 

Fatha 
7 2, 580 .2, 580 
8 3 ,340 3,340 
9 4,100 4,100 

Wadi Thar thar  (W, max) 
1 21,030 26,460 19,890 

Hor e s  Saniyah (Hc max)  
1 400 400 400 

11 K T A M  report  - 
97. 21  Report rule curve - 

3 /  Normal pool 320 m. 

May 

1, 140 

2,620 

3,160 
2,200 
1, 130 

2,900 
5,000 
3,900 

9,130 
9,130 
9, 130 

6, 840 
6, 840 
6, 840 

4 ,480  
4,480 
4,480 

25, 600 

2,000 

J u n e  - 
1, 140 

2,620 

3,160 
2,200 
1,130 

2,900 
5,000 
3,900 

9,130 
9,130 
9,130 

6,840 
6, 840 
6, 840 

4 ,480 
4,480 
4,480 

25, 030 

2,000 

41 Normal pool 335 m. - 
51 Normal pool 328 m .  - 

July 

1,140 

2,620 

3,160 
2,200 
1, 130 

2,900 
5,000 
3,900 

9,130 
9,130 
9, 130 

6,840 
6,840 
6, 840 

4,480 
4,480 
4,480 

24,460 

2,000 

Oct. - 
1, 140 

2,020 

2, 850 
1,890 

820 

2,482 
4,582 
3,482 

8, 370 
8,670 
8 ,980 

6,080 
6,380 
6,690 

3 ,720 
4 ,020 
4,330 

22,750 

1,360 

Nov. - 
1,040 

2,020 

2,700 
1,740 

670 

2,272 
4,372 
3,272 

7,990 
8,450 
8 ,900 

5,700 
6, 160 
6,610 

3, 340 
3, 800 
4,250 

22, 170 

1, 040 

71  1 additional upstream rese rvo i r  - 
81 2 additional upstream rese rvo i r s  - - 

- - 61 No upstream storage except Dokan 

Dec. - 


