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HYDROGRAPHIC AND SEDMENTATION SURVEY 
I - OF KAJAKAI RESERVOIR 

by Don Perkins and J. K. Culbertson 
U.S. Geological Survey 

ABSTRACT 

A hydrogrphic and sedimentation survey o f  Kajakai Reservoir 

was carr ied out during the period September through Decamber 1968. 

Underwater mapping techniques were used t o  determine the reservoir 

capacity as of  1968. Sediment r,ange I ines were established and 

mnumented t o  f a ~ i f i t a t e  fu ture sedimentatfan surveys; Afghanistan 
i 

engineers ahd technicians were t ra ined t o  carry  out fu ture reservoir 

surveys. 

'Samples A r e  obtained of  th6 lake bed and i n  the r i v e r  upstream 
. ~ 

of. the  reiervoi_r. ~ i r t u a l . 1 ~  no sediments coarser than about 63 microns 
, .. 

were found on the lake bed surface. The median di'ameter of .sands 

being transported i n t o  the reservoir  ranged from k0 microns t o  110 

microns. The average annual r a t e  o f  sedimentation was 7,000 acre- 

feet. Assuming an average density of 50 pounds per cubic foot, the 

estimated average'sediment i n f l o w  t o  the reservoir  was about 

8,500,000 tons per year. 

The decrease i n  capacity a t  spi l lway elevat ion f o r  the period 
4+ 

1953 t o  1968 due t o  sediment deposit ion was 7.8 percent ar 

l17,700 acre-feet. Redef in i t ion of  several contours above 

the f i l l  area resul ted i n  an increase i n  capacity a t  spiflway 



e leva t ion  of 13,600 ac re - fee t ,  thus t h e  net  change i n  -. capaci ty  -- 
was 7.0 percent o r  104,800 acre- fee t .  - 

Based on current  d a t a  and an est imated r a t e  of compaction 

of deposited sediment, t le  assumption of no .apprec iable  chaqge 

in  hyhrologic condi t i  ons i n  t h e  drainage area,  t h e  leading edge 

of the  pr inc ipa l  d e l t a  ki I1 reach- the  i r r i g a t i o n  o u t l e t  i n  40 t o  -.---- ----=------""----~-~*1-, #.* 

1 

45 years.  ------- 
I t  is  recommended t h a t  a resurvey of sediment range l i n e s  

be made during t h e  per icd  1973 t o  1975. 



irl INTRODUCTION 

Storage of water behind Kajakai Dam began i n  January 

mi 1953. A reconnaissance survey o f  Kajakai Reservoir was 

made May 1967 t o  observe general l y  the magnitude and extent 
id 

of  sediment deposition that  occurred during the f i r s t  14 

years o f  storage. Sediment deposit ion appeared t o  be s ig -  

n i f i can t ,  and recommendations were made that  a mare compre- 

hensive sedimentation survey be carr ied out. 

The Agency f o r  Internat ional  Development (USAID), an. 

agewy of the Government o f  the United States o f  America, 

and the Ministry of Agr icu l ture and I r r i g a t i o n  (MI), an agency 

of the Royal Government of Afghanistan (RGA), signed an agreement 

t o  conduct a hydrographic and sedimentation survey o f  Kejakai 

Reservoir. A survey was carr ied out during the  period 

September through Decemi-er 1968. The resul ts  o f  the survey 

are presented i n  t h i s  r t po r t .  

Purpose o f  Survey 

The objectives o f  the survey were ( 1 )  t o  def ine 

the current stage-capacity re la t ion ,  (2) t o  determine t h e  

r a t e  o f  sedimentation since closu're i n  1953, (3) t o  estab- 

l i s h  sediment range l ines  i n  order t o  s imp l i f y  f u t u r e  



sedimentation surveys, r n d  (11.) t o  t r a i n  Afghan engineers and 

technic ians i n  t h e  techr iques and' procedures used i n  t h e  survey. 
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LOCATION AND DESCRIPTION OF RESERVOIR 

Construction of  Kajakai Dam was completed i n  

November 1952, and t'le gates were closed January 1953. 

The reservoir i s  located approximately 90 mi les  upstream 

of Lashkar Gah on t h e  Helmand River. The dam i s  earth- 

f i l l  construction and r ises 85 meters above the r i v e r  bed 

t o  a crest e levat ior  o f  1050.0 meters. Water i s  stored 

pr imar i ly  t o  fu rn ish  i r r i g a t i o n  water to  the lower Helmand 

River Valley. Future plans fo r  water use include i n s t a l -  

l a t i o n  of hydroelectr ic un i t s  t o  provide power for  the  

Nelmand-Brghandab Valley region. 

Original capacity o f  the reservoir was 1,495,000 

acre-feet a t  a spi l lway elevat ion o f  1033.5 meters end a 

capacity o f  2,300,000 acre-feet a t  e levat ion 1045 meters. 

Original zero storage elevat ion was 965.0 meters. The 

reservoir  extends approximately 49,000 meters (thalweg 

distance) ups'tream o f  Kajakai Dam. fu l l -capac i ty  widths 

of the reservoir vary considerably from a minimum o f  about 

200 meters i n  the "narrows" t o  about 2,400 meters a t  several 

points. Figure 1 i s  a sketch map showing the water-surface 

contour a t  an e levat ion of approximately 1015 meters. Also 

shown on f i gu re  1 are approximate locations o f  permanent 

sediment range l ines  set up as a resu l t  o f  the 1968 survey. 





HYDROGRAPHIC SURVEY 

A comparative summary o f  t h e  i n i t i a l  capac i t ies ,  

the  1968 capaci t ies,  change i n  capac i t ies ,  and percent 

change i n  capac i t ies  a t  f ive-meter  increments o f  e leva t i on  

are g iven i n  t a b l e  I .  The new 1968 capaci ty  t a b l e  i s  

shown i n  t a b l e  2. 

The hydrographic survey determined l oca t i ons  o f  

current  underwater contours as descr ibed i n  t h e  f o l l o w i n g  

sect ions. New contours were drawn on p r i n t s  o f  the  o r i g i n a l  

topograpbic maps produced by the F a i r c h i l d  Surveys. Areas 

w i t h i n  each contour were planimetered and capac i t i es  between 

contours computed as shown i n  t h e  example a t  t h e  bottom o f  

t a b l e  1 .  Locat ions o f  save contours above t h e  water sur face 

a t  the  t ime o f  the  survey were r e f i n e d  based on l e v e l s  run 

from t h e  water sur face ~o sediment range l i n e  monuments. 

As a r e s u l t  o f  the  re f i rement  i n  l o c a t i o n  of some contours, 

capaci ty  increased some%chat i n  several reaches o f  the 

rese rvo i r .  

Sediment range l i n e s  were es tab l i shed  t o  a i d  i n  

f u t u r e  sedimentat ion monitoring surveys. Permanent concrete 

monuments were located a t  e i t h e r  end of each range l i n e .  

These monuments were pa in ted  w h i t e  and numbered according 



Table 1. --C'OI&PARATIVd bSJikW&Y, ORIGINAL ARD 1968 SURVsYS 

3 . A, 2'. x10 
1968 

&&l;PJIS 02 rbULU"KE i Oh4PUTATIOIV: 

Given: 
A = Area of l O C 5  meter oontour = 26,681,000 Pb 2 

B = Area of LOCO meter contour I 21,672,000 082 
Find: 

V =. Volurne, i n  aore-feat, between elevations 1000 and 
1005 neterr 

= A+B x 5 $ 1233.49 (cubio meters per acre-foot) 
-2- 

= 26.681.000 + 21,672,000 x 5 f 1233.49 
2 

3 M . 0 0 0  x 5 + 1233.49 = 5)8,000 aore-feet 
2 

1479.1 
1390.9 
3.1.85.3 

931.6 
1230 9 
55443 
$22.0 
323.2 
242.5 
175.0 
n 7 . 7  
70.8 
34.2 
LO. 5 
1.2 
0 

@w$e in Capacity 
A. F. x 103 

(15 ym*) 
~ o s e  i n  
Capacit, 

107.9 
104.8 
108.7 
W7.4 

6.8 
7 .O 
8.4 
10. 3 

100.1 
89.7 
67.0 
42.8 
23.5 
11.0 
5.3 
2.2 
0.8 
2.8 
1.5 

12.1  
13.9 
13.7 
11.8 
8.8 
5.9 
4.3 
3.0 
2.3 

21.1 
55- 6 





t o  the range l ines. Each monument was located by tr iangu- 

la t ion.  Azimuths frommhnument t o  monument were determined 

and are given i n  tab le  3 f o r  rap id  locat ion of range t ines 

i n  fu tu re  surveys. 

I n  order t o  f a c i l i t a t e  fu tu re  resurveys o f  Kajakai 

Reservoir, the reservoir  has been div ided i n t o  separate 

reaches defined by range l ines. The reaches are delineated 

by adjacent range l ines, o r  between a range l i n e  and the 

end o f  a d e f i n i t e  arm of the lake. For instance, that  

por t ion o f  the reservoir  between the  dam and range l i n e  2-2 

consti tutes a s ingle reach, and tha t  por t ion between range 

l ines  2-2 and 3-3 const i tutes a second reach. Capacity was 

determined fo r  each reach. The sum o f  the  capacit ies i n  

a1 1 reaches equals the t o t a l  reservoir  capacity. Table 4 

gives the areas fo r  each contour and the incremental capacity 

i n  acre-feet between contours f o r  each reach. The incre- 

mental capacit ies are added t o  g ive  the t o t a l  capacity 

w i t h i n  the reach. Also given i n  t h i s  tab le  are coe f f i c ien ts  

t o  be applied t o  resurvey data i n  order t o  compute changes 

i n  capacity. Coef f ic ients  vary f o r  each contour i n te rva l  

and between reaches. 

The coef f i c ien ts  are empirical and have the  dimension, 

acre-feet/square meters. The coe f f i c ien t  simply re la tes 

the average area between contours (contour in te rva l )  o f  the 

range l i n e  cross sections t o  capacity i n  acre-feet i n  tha t  



reach f o r  the same contour in te rva l .  Cross-section areas 

o f  sediment range l ines  are given i n  tab le  5. For example, 

the capacity i n  acre-feet between elevat ion 1005 and 1010 i n  

the reach 3-3 t o  4-4 may be computed by mu l t ip ly ing  the  

average area i n  square meters between elevations 1005 and 

1010.of cross sections 3-3 and 4-4 by the coef f ic ient  1.25. 

Using the data from tab le  5, and the coe f f i c ien t  from tab le  

3 f o r  the reach 3-3 t o  4-4, the capacity i n  acre-feet i s  

Capacity = 3930 + 5950 x 1.25 = 6,180 acre-feet 
2 

Therefore, i n  fu tu re  surveys the only base data necessary 

t o  col lect ,  i n  order t o  compute a reasonably correct  change 

i n  storage, w i l l  be cross-section areas o f  each sediment 

range l ine.  

Horizontal Control 

W topographic map compiled by F a i r c h i l d  Aer ia l  Surveys, 

Inc., U.S.A., using a sterophotogrametric niethods was used as 

the base map. The scale o f  t h i s  map was l:50,000, w i th  a  

contour in te rva l  of f i v e  meters. The or ig inat  F a i r c h i l d  

t r iangulat ion stat ions were p lo t ted  on the map. 

Prior t o  the 1368 hydrographic survey, the U.S. 

Bureau of Reclamation of HAVR recovered and placed f lags  on 

the Fa i r ch i l d  t r iangu la t ion  stat ions tha t  were above the 

lake level. The bearing 0.F the l i nes  between t r iangu la t ion  

stat ions were avai lable for- the 1968 survey. The azimuth o f  



l i n e s  as computed f rom t h e  bearings a r e  g iven i n  t a b l e  I i n  

t h e  appendix . 
new t r i a n g u l a t i o n  ne t  was es tab l ished a t  t h e  approxi -  

mate high-water e l e v a t i o n  and t i e d  t o  the  F a i r c h i l d  t r i a n g u -  

l a t i o n  net.  The new t r i a n g u l a t i o n  n e t  was necessary i n  order 

t o  e s t a b l i s h  a  h o r i z o n t a l  reference system with which t o  

c o r r e l a t e  t h e  1968 survey w i t h  t h e  F a i r c h i l d ,  base map. 

The new t r i a n g u l a t i o n  s t a t i o n  network and t h e  l ines ,  

o r  courses, t o  be sounded were p l o t t e d  on an over lay  o f  t h e  

base map. The azimuths o f  the  l i n e s  t o  be sounded were d e t e r -  

mined from t h e  over lay  and recorded f o r  use i n  t h e  f i e l d .  

The h o r i z o n t a l  l o c a t i o n  o f  t h e  boat was determined 

by a  t ransi tman loca ted on shore d i r e c t i n g  the  boat operator, 

by two-way rad io ,  on t h e  predetermined azimuth. A standard 

nav iga t iona l  sextant ( f i g u r e  2) was used t o  f i x  t h e  p o s i t i o n  

o f  the  boat on the  l i n e  be ing  sounded ( f i g u r e  3). 

The fathometer char t  was marked by t h e  sextant  

operator p ress ing  t h e  remote c o n t r o l  sw i t ch  mounted on the 

sextant ( f i g u r e  4). 

The notekeeper recorded the angle observed by the  

sextant operator and a f i x  number on t h e  f i e l d  notes ( f i g u r e  

5) .  The f i x  numbers were a l s o  recorded on the  fathometer 

char t  ( f i g u r e  4). The d is tance from shore was est imated and 

recorded f o r  the f i r s t  and l a s t  sextant  angle observed. 

An a l t e r n a t e  method us ing  two t r a n s i t s  t o  l o c a t e  the  

posi  t i e n  o f  t h e  boat was used ( f i g u r e  6). The sextant  



F i g u r e  2.--View o f  s tandard n a v i g a t i o n a l  s e x t a n t .  





F i g u r e  4.--View o f  fa thomete r  c h a r t  f o r  sediment range l i n e  
12-12 c r o s s  s e c t i o n .  







operator assumed the dut ies o f  the second t rans i tmn.  The 

t r a n s i t  was located on shore t o  observe in tersect ing angles 

over the e n t i r e  length o f  the l i n e  being sounded. It was 

necessary t o  estab l ish temporary t r iangu la t ion  stat ions f o r  

t h i s  purpose when the in tersect ing angles could not be 

observed over the en t i r e  length o f  the  l i n e  being sounded 

from the previously establ ished t r iangu la t ion  stat ions. 

Two-way radios were used by the f i r s t  transitman t o  

d i rec t  the boat operator along the selected course. The 

second transitman and notekeeper i n  the boat were i n  rad io  

communication; however, a d i f fe ren t  frequency was used to  

prevent confusing the comands given by thb two transitmen, 

boat operator and fathometer operator-notekeeper. 

Coordinating the time o f  the f i r s t  and l a s t  f i x  marked 

on the fa thomter  chart and the observation o f  the i n t e r -  

secting angle by the second transitman was accomplished by 

the fathometer operator g iv ing the comnand by radio. The 

intermediate f i x  marks on the chart were made by the  fatho- 

meter operator on comnand from the second transitman. The 

in tersect ing angles observed by the second transitman were 

transmitted by rad io  t o  the  notekeeper-fathometer operator 

t o  record on the f i e l d  notes ( f igure  7). 

Figures 8 through 11 are photographs o f  other phases 

o f  f i e l d  work. 
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F i g u r e  8.--View o f  t r a n s i t m a n  d i r e c t i n g  boa t  on a  g i v e n  az imuth .  

F i g u r e  9.- -View o f  boa t  w i t h  fathometer crew bea i  n n i n g  sounding run .  

20 



Figure 10.--View of triangulation transitman at F2X. 

Figure 11.--View of survey c r e i  receiving training in transit operation. 



Vert ical  Control 

A continuous water-level recorder i ns ta l l ed  a t  the 

ou t l e t  tower provided a continuous record o f  the lake level .  

The water surface was determined by leve ls  from selected 

Fa i r ch i l d  t r iangu la t ion  s ta t ions and compared w i th  the 

leve l  recorded a t  the ou t l e t  tower t o  determine the slope 

throughout the reservoir.  The slope o f  the  reservoir  water 

surface was determined t o  be neg l ig ib le  between sediment 

range l i n e  21-21 and the tower. Corrections were applied 

t o  compensate f o r  water-surface slope upstream from t h i s  

range l ine.  
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OFFICE PROCEDURE 

The Fa i r ch i l d  maps were photographically t ransferred 

t o  a mat surface stable-base f i l m .  An overlay draf ted on 

stable-base f i l m  was prepared fo r  each map sheet. 

The new t r iangu la t ion  net, locat ion o f  the f l ags  and 

sounding l i nes  were p lo t t ed  on the overlay. The f i x  loca- 

t ions on the  sounding l ines, as indicated i n  t he  f i e l d  

notes as sextant angles between targets  ( f igure  5) were 

p lo t ted  on the overlay by using a two-arm protractor.  This 

method of horizontal pos i t ion ing i s  based on the assumption 

that  the boat i s  i n  l i n e  a t  the t ime the  sextant angles are 

observed. 

Errors i n  the observed angles or i n  the p l o t t i n g  o f  

the angles were usually apparent when the  proport ionate 

distance between p la t t ed  f i x  locations were compared w i th  

the f i x  locations indicated on the fathometer chart. Minor 

var iat ions i n  the proport ionate distances were acceptable 

and were considered due to  minor var ia t ions i n  boat speed. 

Compilation o f  the data recorded on the fathometer 

chart was accomplished i n  three steps. 

Step. The chart (see f i gu re  3) was v i sua l l y  inspected 

t o  determine i f  the zero se t t ing  as indicated on the chart 



remained i n  the co-rect  position, i f  the fathometer operator 

switched t o  the correct depth range without a loss o f  record, 

and maintained the  gain control a t  the proper level. The 

f i e l d  notes were correlated w i th  the fathometer chart and 

notatians made on the chart ind icat ing the reservoir  level 

at  the time the sormdings were obtained, and the date the 

soundings were made. 

Stqp 2. The depths indicated on the chart were con- 

verted t o  elevations by using a graphical s l i d i n g  scale 

placed on the chart i n  a pos i t ion  t o  r e l a t e  the gage height 

a t  the time the soundings were made t o  the  zero depth as 

indicated on the chart. The depth indicated by the chart 

record was converted t o  eievat ion by the s l i d i n g  scale. 

The elevat ion a t  each f i x  mark and the pos i t ion o f  

each contour elevat ion t o  be transferred t o  the map were 

noted on the  fathometer chart. 

Step 3. The elevations a t  each f i x  and the contour 

locations a t  proport ionate distances between f i xes  were 

recorded on the f i e l d  note sheet. 

A variable scale, or a 10-point divider, was used to  

determine the contour locations a t  proport ionate distances 

between f ixes. The data recorded opposite f i x  2 ( f igures 5 

and 7), 1015/.07, 1010/.21, 1005/.34, 1000/.94, indicated 

that the 1015 meter contour was located 0.07 o f  the distance 

between Fix 1 and f i x  2, and the  1010, 1005, and 1000 meter 



contours were a t  the proportional distances between f i x  1 

and f i x  2 o f  0.21, 0.34, and 0.94 respectively. 

The proport ionate distance between f ixes, determined 

from the recorder chart f o r  each contour location, was trens- 

ferred t o  the overlay. Where more d e f i n i t i o n  of the under- 

water contours was required, addi t ional  l i nes  t o  be sounded 

were p lo t t ed  on the overlay and the azimuth determined. 



SEDIMENTATION 

One o f  the  objectives o f  the survey was t o  estab l ish 

permanent sediment range l i nes  which could be resurveyed 

a t  any l a te r  date .to determine future rates o f  sediment 

deposition. Locat im o f  range l i nes  was based on probable 

representativeness of t he  cross sections t o  the reach up- 

stream and downstream. Cross-section areas of these range 

l i n e s  are re la ted t o  capacity i n  adjacent reaches. Cross 

sections o f  a l l  sediment range l ines  are shown i n  f igures  

1 through 21 i n  the appendix. 

Figure 12 shows the r e l a t i o n  between the o r i g i n a l  stream- 

bed, or thalweg, p r o f i l e  and the 1968 p r o f i l e  as determined 

by t h i s  survey. Locations o f  sediment range l i nes  are 

indicated. Range l ines  were established uplake only t o  

the point  where the current and o r ig ina l  stream-bed eleva- 

t ions  coincided. This po in t  was determined t o  be a t  about 

elevat ion 1025 meters, and approximately 45,000 meters 

thalweg distance from the dam. 

Depths o f  deposited mater ia l  reached a maximum a t  

about range 1 ine  14-16 ( f i g u r e  16-appendix) where the  average 

depth o f  sediment i n  the  cross section was 18.5 meters. 

The leading edge of t he  deposit ion was a t  cross section 11-11 





( f i g u r e  1 I-appendix). The rnost a c t i v e  area o f  depos i t ion  was 

.in the  d e l t a  area formed !+here t h e  r i v e r  en ters  t h e  

r c s e r v o i r .  P o s i t i o n  oF t h i s  a c r i v e  d e l t a  i s  governed by 

rese rvo i r  e leva t i on  and r i v e r  discharge. The r a t e  o f  move- 

ment o f  t h e  d e l t a  becomes more r a p i d  when t h e  r e s e r v o i r  

ele\ i i l t ion i s  low and r i v e r  discharge i s  high. Dur ing t h a t  

pe r iod  o f  t h e  year !&en r i v e r  discharge becomes s i g n i f i -  

can t l y  g rea ter  than releases, t h e  rese rvo i r  e leva t i on  

r i s e s  rap id l y ,  and t h e  d e l t a  movement i n t o  t h e  l ake  slows 

as more depos i t ien  occurs a t  t h e  h igher  e leva t i ons  upstream, - 
As t h e  e leva t i on  of t h e  r c s e r v o i r  drops, a p o r t i o n  o f  t h e  

sediment deposited i n  the upstream reaches i s  c a r r i e d  f u r -  

ther  i n t o  t h e  rese rvo i r .  The two small d e l t a s  a t  e leva-  

t i o n s  1010 and 1015 meters ( f i g u r e  12) a re  the  r e l a t i v e l y  

recent  e f f e c t s  o f  t h e  l a t e r  phenomena. 

Povement o f  t h e  leading edge o f  t h e  deposit ,  i n  

t h a t  reach between range l i n e s  12-12 and 14-15, w i l l  no t  

advance appreciably  u n t i l  t h e  secondary d e l t a s  between 

range l i n e s  19-19 and 21-21 a r e  moved t a  range l i n e  14-15. 

This  may occur r a p i d l y  i f  t h e  water l e v e l  i n  t h e  rese rvo i r  

i s  drawn down t o  an e l e v a t i o n  o f  1005 meters or l ess  f o r  

two o r  more years i n  succsssion.. However, i f  t h e  minimum 

rese rvo i r  e leva t i on  i s  not  drawn down below about l O l 5  

rmters f o r  a number of years, d e l t a  encroachment t o  the  

narrows w i l l  be slower because t h e  sediments would be 



deposited as berm= i n  the upstream r i v e r  channel between 

range 1 i ne  21 -21 and'some point  upstream of where the 

current p ro f i les  coincide. 

Samples o f  the deposited bed *ater ia l  were obtained 

w i th  a Foerst bad-mstnrial sampler. The sampler was raised 

and lowered by mearis o f  a U.S. 8-54 sounding ree l  powered 

by a 12-volt power un i t .  Reel, power un i t ,  and sampler 

were attached to a simple pipe crane which was mounted on 

the boat ( f i gu re  1 3 ) .  Samples were col lected throughout the 

reservoir,  from the r i v e r  at  the confluence and in  the 

r i v e r  channel upstream o f  the reservoir.  Core samples o f  

the sediment deposits i n  the reservoir  weie not obtained 

because o f  funds and t i m e  l im i ta t i ims .  

Samples o f  the lake-bed mater ia l  were not analyzed 

for par t i c le -s ize  d i s t r i b u t i o n  other than t o  determine per-  

cent passing a 63 micron sieve. These samples were virf :ual l y  

a i l  i den t i ca l  i n  composition, 99.4%, limestone clays awl 

s i l t s ,  and 0.6% coarser than 63 micron. Estimated density 

o f  these fine-materia! surface deposits was 30-50 pounds 

per cubic foot .  Apparently, much of t h i s  mater ia l  or ig inates 

from the banks o f  the reservoir, being sorted and washed 

out o f  the natural s o i l s  by wave action. 

Samples taken from the  area o f  the r i v e r  confluence 

and the r i v e r  channel upstream were analyzed fo r  pa r t i c l a -  

size d i s t r i b u t i o n  by wet-sieve method. Results o f  these 

analyses are shown i n  table 6. 



F i g u r e  13.--View o f  F o e r s t  bed-mate r ia l  sampler i n  use. 



Go~xfluence w/river at elev. 1015 
meters 

Dry sample-deposited n b m t  1600 
a e l e r s  upstrean of r a g a  Line 
21-23 

tiivsr channel at elev. 1025 
me t e r s  

Percent Finer than indi- 
cated s ize  (n icrans)  

Location o f  ;iwple 

Note : Rmge line 23-23 i s  not shown on figure 1. It ia 
1ocated appr.ox.htately 5 000 meters upstream o f  
reage line 22-22, 

Upstream of sediment range l i n e  23-23, the bed o f  

the r i v e r  channel consists large ly  o f  rock and gravel w i t h  

only minor deposits of sands and s i l t s .  V i r t ua l l y  a l l  

mater ia l  f i n e r  than about 500 microns i s  car r ied  i n  sus- 

pension i n t o  the  upper reeches o f  the reservoir.  During 

periods when the reservoir  e levat ion i s  a t  or above s p i l l  - 
way elevation, r i v e r  discharge i s  also h igh and mast o f  

the sands carried i n  suspension are deposited i n  the o l d  

r i v e r  f lood  p l a i n  ( f i gu re  14). To date, these deposits appear 

t o  be r e l a t i v e l y  ins ign i f i can t  i n  terms o f  reducing the 

useful capacity. Measurement o f  the volumes o f  sediment 



Figure 14.--View of sediment deposited along river floodplain 
near range line 22-22. 



deposited i n  the reservoir  area upstream o f  sediment range 

l i n e  23-23 was not accomplished by the 1968 survey. Figure 

21 i n  the appendix i s  an i l l u s t r a t i o n  o f  t yp ica l  cross 

sections i n  the upper reservoir reaches where berms o f  f i n e  

s a ~ d  and clay are found i n  the f lood  p la in  areas. 

Future Sedimentation ------ -- 
As shown i n  ta5 le  1, the resu l ts  o f  the 1968 survey 

indicated a loss i n  capacity o f  7.0 percent a t  the  spi l lway eleva- 

t i o n  1033.5 meters. However, due t o  discrepancies found 

2-n several o r i g i na l  contours, t h i s  indicated loss i n  capacity 

cannot be used s t r i c t l y  as a loss due t o  sediment deposition. 

Refinement of o r i g i na l  contours resul ted i n  an inciease i n  

capacity i n  those reaches between range l i n e  5-5 and 13-13 

of about 13,600 acre-feet. Applying t h i s  correct ion t o  the 

o r ig ina l  capacity o f  1,495,000 acre-feet a t  spi l lway eleva- 

t i o n  resu l t s  i n  a loss due t o  sedlment deposit ion -- o f  7.8%, 

or  a sediment deposit ion of 117,700 acre-feet during the 

f i r s t  f i f teen  years o f  storage. This was an average annual 

loss i n  capacity t o  spi l lway elevat ion o f  about 7,800 acre- 

feet  per year. Assuming an average sediment density o f  SO 

pounds per cubic foot, the average annual sediment in f low 

was about 8,500,000 tons per year. 

A f low-duration curve ( f igure 15) based on data given 

in table 7 shcws tha t  the average annual i n f l ow  t o  Kajakai 

Reservoir f o r  the period 1953-1965 was 5,200,000 acre-feet 





Tabie 7. --SUiWAHY OF ANNUkL INELOfi TO KAJAKAI BESERVOIB 

Water 
Year 

~. 

Helmand River I Tirin River 
Near Yehraout at hhraout 

Acre-f eet Acre-f eet 



Assuming that i n f l ow  character ist ics do not change appre- 

c iab ly  over the next 15-year period, i t  i s  probable that  the 

sediment in f low w i l l  average about 8,500,000 tons per year 

during that  period. Future r a t e  of change i n  capacity, 

however, may vary considerably i f  reservoir  operation i s  

changed due to an increase i n  ra te  of release for  i r r i g a t i o n  

or power production, or i f  the t iming o f  releases i s  changed. 

Sedimnt deposits wi 1 1 gradual l y become compacted over the 

years as more sediment i s  deposited over e a r l i e r  deposits. 

Rate o f  compaction o f  sediment can be estimated only i f  data 

are avai lab le  on size o f  the  deposited material.  These data 

are not avai lable and cannot be obtained without core samples 

o f  the e n t i r e  depth o f  deposit. 

Samples that were obtained ind icate that  the greater 

percentage o f  the deposited material consists o f  extremely 

f i n e  material at  densi t ies of 30-50 pounds per cubic foot .  

These deposits w i l l  compact under water over the years. 

Also, if the water level  i n  the reservoir were t o  be lowered 

t o  an elevat ion o f  1005 meters or lower each year f o r  a 

number of years, the Fine sediments a t  elevations about 1005 

meters would compect more rap id ly  due t o  a l ternate wett ing 

and drying. 

To estimate f u tu re  volumes o f  sediment deposition 

based on an averale annual f i l l  ra te  o f  7,800 acre-feet 

determined a f te r  15 years might be conservative. An experi- 

ment t o  determine reduction i n  volume due to  drying was 



pll 

performed during the survey on material sampled from the 

Y lake bed. When the samples were thoroughly dried, the 

average percent reduction in volume was 53 percent. This value 

mm was used as a basis for estimating reduction in volume of 

deposits due to alternate wetting and drying. 
W 

' Based on data which have been presented in this 

report, an estimated rate of compaction, and the assumption 

that hydrologic conditions in the reservoir drainage area 

do not change appreciably, the principal delta front will - 

in 40 to 45 years. A t  the end of this 40 to &-year period, - 
it is estimated that the reservoir capacity at spillway - 
elevation will be reduced to about 1,200,000 acre-feet. It 

.-----.--"u---.-d....--A" ---- 

reach the irrigation outlet (approximate elevation 968 meters) - 

is recommended that a resurvey of sediment range lines be 

made at some time during the period 1973 to 1975, especially 
_CI 

i f  changes in reservoir operation are made during the next 

few years. 
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Note: Positions ori&ate a t  E12x (at tower oDservatiou 
point) a d  a r e  carriedo%hthro# tne triangulation ne t  on the 
aasmed azimuth of 130 00' fo r  the l ine  F2x to  F4x. Vertical 
datuar i n  1021.79 metsrs Delow s ta t ion F2x (elev. = 1051.79 
meters), 

s%ation Occupied 

Cut i n  Peak 

Station Observed 

3'2% 
P4x 
Gat i n  Peak 

Flx 
F2x 
F4x 

Flx 

L b t  i n  Peak 
Flx 
P2x 
F3x 

Azimuth 

0g0 13' 14" 
92O 25' 09" 

1400 30' 36" 



Station Occupied 

F7x 

Station Observed 

Fl7x 
P8x 
F9x 
B6x 
E5x 
P3x 

%7x 
P17x 
iri8x 
FlOx 
Pl lx  
E'gx 
E6x 
M x  

F6x 
E7x 
F8x 
F13.x 

F18x 
FlOx 
F8x 
P7x 

E9x 
Pax 
FlOx 
P12x 

B l l x  
FL0x 
$ 1 3 ~  
Fl4x 

Fl lx  
FSx 
E17x 
E'18x 
P16x 
F13x 
Fl2x 
F l l x  

Azimuth 



Table 1. --Continued 

Station Occupied Station Observed 

F l g x  
F16x 
FlOx 
PSx 
P17x 

FLlx 
F20x 
P16x 
Plbx 

F l g x  
ELOx 
P l j x  
E14x 
F13X 
E1Ox 
P l 8 x  
P lgx  

P14X 
F l l x  
PlOx 
F16x 

F12x 
F13x 
E16x 
F l j x  

F24x 
FL2x 
PlOx 
P19x 

P2 1x 
F22x 
E13x 
P16x 
Flgx 
F 2 l x  

P14X 
V16x 
F2Ox 
F22X 

Azimuth 



- 

Taoie 1. -- Jontinued 
Station Occupied 

P2Lx 

station Observed Azimuth 


