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PREFACE

The Directorate General of Water Resources Development (DGWRD) of
the Ministry of Public Works, Government of Indonesia (GOI) contracted
PRC Engineering Consultants, Inc., (PRC/ECI) to provide consulting
engineering services for preparing an integrated development plan for
the Tuntang/Jragung Rivers in the Jratunseluna Basin. The study for
the preparation of the plan started on May 16, 1979 and was scheduled
to be completed on November 30, 1979,

An interim report on the study was submitted by PRC/ECI on August
15, 1979 which was reviewed and discusSed on September 24, 1979 in a
meeting held by the DGWRD at Jakarta. In that meeting and in subse-
quent discussions between PRC/ECI and DGWRD, it was decided that the
study on the Tuntang/Jragung Rivers should be modified by including the
entire Jratunseluna Basin in certain aspects of the study. The original
contract between GOI and PRC/ECI for the engineering services was,
therefore, amended to include the.revised scope of werk for the modi-
fied study, coumpletion date for which was set at June 15, 1980.

In the revised scope of work, provision was also made to train,
~-assist and advise the GOI in carrying out a river sediment measuring
' p?bgram within the Jratunseluna Basin during the 1979-80 rainy season.
The training of GOI personnel on obtaining and analyzingriver sediment
data would constitute the major portion of that effort,
‘% In puwrsuance of the above stipulation, PRC/ECI assigned its staff
'consultant, Dr. M.A. Stevens, at Semarang for a period of one month to
- carry out the sediment measurement and training program. As a pait of
:-that program, Dr. Stevens gave a series of lectures to the staff of the
~Jratinseluna Basin office on Erosion and Sedimentation.” The results
of the study and the lecture notes are given in this Appendix H to the
\flnal report on the Jratunseluna Basin Updated Development Plan. Cer-
‘ %4in tables related to this appendix and Appendlx A - Part I Hydrology
f'hré also included herein.

Semarang, May 1980
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Jratunseluna Basin
Updated Development Plan

APPENDIX H
SEDIMENTATION STUDIES JRAGUNG WATERSHED

ORI cémﬁi N

The Jragung River draina a part of the northeastern slopes of the
extinct volcano Gunung Ungaran. This basin is bordered by others of
" similar form as’ the volcano 1is drained by atreams flowing from the top

of the volcano out in a radial pattern. -

The headwaters of the Jragung River are at El. 1 250 Mean Sea Level
"(M.S.L.) on the side of the volcano (the peak- elevation is 2 OSO'M s. L ),
The streams drop dowm steeply to ‘the coastal plains. As shown in Figure
H-1, the Jragung River is formed at the confluence of the Kali Klampok L
(drainage area of 60 km?) and the Kali Trimo (drainage area of 30 kmz) |

Approximately 2.5 km downstream of this confluence, the Jragung
River cuts through a 70-m high ridge, the proposed site for the Jragung
Dam. The drainage area upstream from the damsite is 94 km2 egff'l”

Another 15 km downstream, the Jragung River enters the coastal plain.
Here the Jragung Weir was built in 1932 to divert irrigation water from ‘
the river. The riverbed level at the weir is approxﬁmately at El 16 M.s L.

Runoff from the Jragung Watershed is very rapid. n the headwaters,

the slopes of the landscape are up to 200 m/kmvandjal ng vhe incise’”
streams the hillside slopes are very steep, on“ -
to 1 horizontal. Farther dounstream,;hi i
there are alluvial deposite‘alonéftheﬂri




H.l.1l. River Profiles

, The profiles of the Kali Klampok and the Kali Trimo curve
gradually from very steep in the headwaters to approximately 10 m/km

at their confluence. The Jragung River bed slope at the proposed

.fdsmsite is 5.3 m/km.. At the Borangan Bridge, the site of the stream-
- gaging station, it is 4 2 m/knm,

‘11‘;_1,_.’2.; Land u’éé B
In 1969, nearly one-half of ths Jragung Watershed upstream from

~‘the damsite is used for rowing rice. Villages occupied 10 percent
of the lend, teak forests a d rubber plantations covered 29fpercent

and the remaining area was used for dry land farming.».

s;.

Y

H.1.3. Borangan Bridée.

Shown in Photographs 1 and 2, Borangsn Bridge is a: ste
structure resting on two massive masonry piers set in the‘riverf
The bridge was part of the old narrow gage railroad system used_to i
transport teak logs from the forest.u The railroad has been abandonedﬁ
for a long time; the bridge deck has been covered with loose planks :
and is now used for light vehicular traffic. ‘ A

The bridge is in the center of a straight, uniformly'sloping

river reach and has been used as the site for stream measurements

since the beginning of this century.



H.2. RISTORY OF SEDIMENT STUDIES

' 'Hogola Barl! centu!!

e

©.The first reported measurements of vater and sediment in the’
'iJragung River at the Borangan Bridge were made in the calender year:

- 1907, The analysis of these measurements were published by Rutten ir
1917 [R1] and have been quoted extensively thereafter. An English
translation of Rutten’ 's 1917 paper was given to PRC/ECI by Snowy
Mnuntains Engineering Corporation,

The suspended sediment measurements were made - twice daily for }f
the entire year. Most of the samples were obtained at the surface
of the water but several times surface water and water at the bed
were sampled at the same' time. I R
The amount of dissolved solids in tbefstreamfioﬁ1?§§1§§?°imin§§“f
"... no more than once every two ﬁanthsfor5é§é§;iéaéiﬁftéﬁ;ﬁ*’
There 1s no indication of how the water discharge was measured.
Rutten wrote that there existed’ tables A

'<v. indicating the amount of water flowing past;the
point of observation in cubic meters per second } .

Rutten recognized that his data did not satisfy
demands of accuracy." However, his concern waS'
- of magnitude of denudation: in Java, Forﬂthis.puroos ’

that the data

SRNEIP 212 ST
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Based on the 1907 data Rutten calculated the rate of denudation
‘in the Jragung Watershed to between 1.6 and 2.5 mm. The value of
‘1.6 mm was that determined from the measurements. The value of 2.5 mm

| 'was Rutten's estimate taking into account the fact that the method

of taking samples results in an underestimate of sediment transport.

The denudation value of 1. 6 mm represents an average loss of _

'ﬂv,rock over the entire catchment and is equivalent to a removal of

«f'f4 000 t/im? 1y Gnetric tone per square kil;meter per year) of sedﬁment
i!i__ diaaolved solids. e

Rutten had added the total weight of aediment to the total ;
weight of dissolved solids paaaing the gage, then divided by 2. 5 the ‘f'
assumed specific weight of rock in the catchment and by 101 kmz, the Rt
catchment area. The result was hia value for 'Henudation". the ‘f‘«f-

removal of rock. Note that

1-6mx 2,500 3 X 1.000m * 1,000 ks DA 3

= 4,000 t/kn?/y.

In scrutinizing his results, Rutten noted that the calculated
amount of water which passed the Borangan Bridge in 1907 waa only ',i
80 x 10% to-100 x 10% 1> whereas the river’ basin rainfall vas 2,570 mm;
equivalent to 260 x 105 n° over the entire. area. "The ratio of ;’;wf*j5
runoff to rainfall was too low. e

‘According to PRC Engineering Consultants‘Inc 8 lateet analyaiat
[P2], the runoff reaulting from an annua rainfalllof 2 570.mm 3




estinate of the 1907 runoff, the  denudation would be <

- ’ %
1 6,,,” _lil.z_l_L_ea___

90 x 1o6 Py

'_Rutten noted that the maximum amount of sediment transported in the ,f;ﬁl
'Jragung River in one day in 1907 amounte:;to 31 percent of the annual ,
transport. That is equivalent to 0 S’mm’of denudation. The 10 largest;;
\stormu accounted for 75 percent of the annual transport.~

Later Rutten [R2, R3] published a graph showing the daily amounts fh
of denudation in the Jragung catchment in- 1907. The 0. 5 mm occurred g
towards the end of January, approximately 0. 3 mm occurred near ‘the ,
10 of December. There were 7 days in which the denudation was betw:en{je
0.02 and 0.08 mm. The rest of the days had rates less than 0 02 .

H.2,2. Year 1973

To our knowledge, the next measurements in the Jragung River at
Borangan Bridge were not taken until 1973, sixty-six years after
the first measurement. ‘

In 1973, the Jratunseluna Basin Project Office in uemarang
established an automatic water level recorder on the downstream side ofa'
the left pier (looking downstream) at the bridge. Since May 1973 o
continuous stage records are available. At the same time, measurementsf?

of water discharge at low flow were started.

In 1973, NEDECO [N2] reported the results of their feasibility
study for a dam and reservoir on the Jragung. Therein it was assumed-
that the average denudation rate was now approximately 3.0 mm/y.

This value was chosen almost. twice ag large as that of Rutten; NEDECO
:.;had ‘no other source of sediment data available in 1973 other than
’xRutten s.'" 3




NEDECO used the 3.0 mm of denudation to estimate that the rate

of reservoir sedimentation would be 6 x 106 m3 at the damsite in 30

years. The catchment area upstream from the damsite is 94 km?.
The trap efficiency of the reservoir was taken as two-thirds (2/3) i.e.
this part of the sediment coming down in the river would be deposited

in the reservoir and one-third (1/3) would pass orn downstream.

As the anticipated annuzl reservoir sedimentation rate was only
0.2 x 106 m3, this low value did not warrant any apprehension

/’epncerning the feasibility of the proposed Jragung Project.
| xi;z. 3 Year 1974

In 1974. Tudor Engineating Company [TZ] reviewed NEDECO's
feasibility report. Concerning reservoir sedimentation in the ptoposed:
Jragung reservoir, Tudor wrote' L

"Resexvoir deposition appears to be no problem but atudiea
should be updated."” : .

H,2.4, Year 1976

In 1975, Engineering Consultants Inc. began a 6-month program
to update NEDECO's feasibility atudy completed ia 1973.: Part of
the work was to review the estimate of reservoir sedimentation.

To accomplish this reﬁiew, the Jratunseluna Project undertook
a sediment measurins program at‘the gaging station at the Borangan
_‘Bridge. The Delft Bottle sampler was used to measure the bed-material
b load (in this case, sediment with a median diameter greater than
;mffSO microne) The water trap was employed to determine the wash load,
«ﬂfassumed to be 811 auspenden sediment with median diameter smaller than

50 microns.

B-6



The measuring program began on 5 February 1976 and continued
on until 3 March 1976, 4 total of 100 Delft hottle samples and 133
water trap samples weré tollected. A summary of these measurement
is given in Tables H~1, H-2 and H-3.

These 1976 measurements indicated that the sediment load in the
rivei was larger than had been estimated Previously., Also, the
suspended gediment was the major portion of the sediment load trang-
ported by the river. Most of the suspended sediment ig silt and -

A summary of the measured suspended gediment data éollected‘; f.,
during 4 floods in February and March, 1976 ig given in Tablé‘H+4}';f'
The volume of water discharged'during these 4 floods was 5.1 x 106“m3,
only 4 percent of the annual volume of runoff. The amount of suspended

sediment carried out during the 4 floods was 101,000 meteric tons,

For these 4 floods, there wag no correlation betweep discharge
and suspended sediment conceﬁtration nor between concentration and
measured rainfall, The indication was that most of the sediment wag
Produced by raindrop erosion. Yet, the storm of 22 March 1976 with

the smallest maximum gtation rainfall (28 mm) pioduced the largestfa;' S

measured peak suspended sediment concentration (32,600 mg/1). Tﬁe,iﬂ{:”
storm of 18 March 1976 with the largest :station rainfall (106 mm)
produced the smallest peak concentration (15.000 me/1): s :

Engineering consultahts"In¢? sﬁﬁ¢gd:ﬁP:”the knéwledgé gained
in 1976 with the following statements (R1]: ' '

H-7



"The measurements indicate that the sediment transport rate
in the Jragung River at the proposed damsite may be as large
as 1,500,000 t/y. This 1s 3 to 4 times as large as the estimate
made from 1907 measurzuents. Assuming a density of 1.2 t/m3
for the deposited sediucnt and 90 percent trap efficiency, the 6
initial decrease in reservoir capacity is approximately 1.1 x 10
to 1.5 x 106 m3/y; 5 to 7 times greater than NEDECO's estimate.
However, this new estimate must be considered very approximate.
The lack of correlation betwee. water discharge, measured rainfall
and suspended sediment concentration means that projections based"
on a small number of measurements could be in error by a large

. amount.

Considering the size of the proposed investment in the Jragung

Dam and uncertainity in the above estimate of the sediment

transport rate in the river, it would be prudent to ‘conduct’

sediment measurements throughout the entire wet season in 1976~ 1977.
The data collection program should be modified and simplified from '
that program used in February and Maxrch 1976". : ,

The Jratunseluna Project did undertake another meaauring program
during the 1976 - 1977 wet season but this program was soon abandoned.
First, the Delft bottle and its sled proved too cumbersome for the
fast velocities in the Jragung River at the Borangan oridge. The _
apparatus would drift far downstream. Then, it became impractieal to ;
measure the velocity at the points where the samples wereAtakeh. |




H.3. CURRENT PROGRAM

e H.S.l. General

On 1 November 1977, a new program for measuring sediment in the
Jragung River at the Borangan Bridge was undertaken. Based on the
knowledge that more than 90 percent of the total sediment load in the
river is suspended load and furthermore the suspended load is almdst
entirely eilt and clay, only suspended sediment samplea were coliected.

The new program was continued until 30 April 1978, diacoﬂtinued
during the 1978 dry aeason and then repeated from 1 October 1978
through the preeent.

This program along with a summary of the data collected" IENOTTe
The:purpose ot 'this

analysis of these data are presented herein;'
report is three-fold: ' :

1. To provide detailed information to othera workin 'in Jam,'
on sedimentation problems. o ;

,,,,,,

2. To help train the Jratunseluna project people working'in
the hydrology division.

3. To document the work accompliehednto§dateti

H.3.2. Gaging Station

H.3.2.a. The Reach

A”;Jragung River streamgaging station is
~at’th : 4 uThe catchment area for this gage 15
101 ;f;kPhotographe 1 and 2 ehowing the reach upetream and downstream °
”5”:of the bridge were taken on 26 February 1980 when the river flow was

As described previouaiyf :



http:sumnary.of

H.3.2.b. Hydraulic Geometry

The plan view of the Jraaung River at the Borangan Bzidge 1s given
in Figure H-2. : ST o

The approach. reach is GAfy* uniform in plan, Immediately
upstream from Section D-D there is a bend as shown by the arrow
in the sketch., The river is constant in width upstream from the
bridge, gradually expands in width downstream from the bridge .
and then bends to the right.

The cross-section of the channel ie trapezoidal with 2 5
horizontal to 1 vertical side slopes.~ Upstream from the‘br g
the hydraulic geometry of the river is as follows. R

Bed width o 21 m

Bankfull width 32 m 3
Benhfull depth - 2vm,;; \
Riverbed slope ‘4;25m/km.'

At Section A - A, the bankfull width increased to 41 n anv;thetd
left bank is nearly vertical. ERS

H.3.2.c. Bed Material

Bed material samples were collected 9 times at lov flow durinuéthei
1977 dry season. A total of 257 semples were taken at the fo”' :
sections shown in Figure H-2. i

The method of . sampling was as follows. The bed width of the
cross section was. measured from the toeﬁof one bank to the toe of the
.other. The toe was identified by a change from bed sediment to bank-
»:sediment and any change in vegetation

Then, samples of bed material

facross ‘the bed. -m‘“d;f"d

B



Some samples were s’eved individually for sediment size determina-
tion. Other samples which were very similar in particle size were
combined in appropriate amounts and sleved as a composite sample.

The bed sediment size of the reach was determined by combining the
results obtained at the fout cross sections.

A summary of the gradation data for each set of aamples is given
o in Table H-5. The gradations of the bed material did not change
‘ appreciably duting the IObelow season. fﬂ~*ﬂ» : e

The bed material 1n the reach can3be'ré§r'sent 'byﬁthe compoaite?

do = L0m
%16

The values of p, and d_, 'are given below.

Faction‘of“

Geometric mean :
of grain size class, dsi

B



H.3.2.d. Equipment

o The gaging station is equipped with a staff gage, and a float
»operated OTT automatic water level recorder, with a weekly chart. The
locations of these are shown in Photograph 3 and Figure H-i. The wet
‘well for the recorder requires cleaning after each flood; otherwise
sediment collected in the well during the flood impedes the movement
roffthe‘float in the well, | |

A working platform has been constructed at the upstream ;

ﬁﬂside of the bridge on the centerline of the river.’ - The'. platform

has ‘a. roof to protect the streamgagers from rain., An Arpack .
reel has been fixed to the platform. The cable from t] _
reel passes over an Arframe bolted to the platform midwar betweenw
the plers. The flow and sediment measuring equipment ar' '
attached to this cable. ' ‘ o

A Teledyne Gurley No. 665 direct reading Price curren
is used to measure the velocity at. 0. 6-m depth for low flow_o :
0.2 and 0.8 depth for floods. The depth ia sounded with."34-kg‘
Columbus weight. The weight and meter are ahown in Photograph 4.

A spare readout meter; batteries, meter pivots and other critical

parts are kept at the gage.

The suspended sediment is measured with a US P6 used as:E
a depth-integrating sampler. Shown in Photographws the unit.
weighs 45 kg and is suitable for all- but the largeat f low

A P63, which weighs 137 kg, is needed for the super flooda. s

The ‘entire water surface, the working platform, the;staff
g gage and the automatic water level recorder house are illuminated

;Qat night by electric power generated with a lOAKVB Portable | ,;




H.3.3. Sampling Program

The suspended load can be divided into two parts. First, there
ﬁ-io'the wash load - auapended sediment particles not found in appreciable
'gquantities on the bed of tho river. Wash load 18 usually silt and
,clay but 1if the velocity-of the river. is very fast, sand can be wash
load.

, "Séebnd, there‘is bed~materia1 in suspension. These are particles of
'.;the aame sizea as those found on the bed but they are moving along in
,suspension. This load ia called the suspended bed-material load.

The aamples collected with the water trap in 1976 were almost
entirely silt and clay. Some gravel was obtained with the Delft_A
Bottle. ' S S :

concentration and ‘depth in the flow is uaed.

The Rouse number 1is

W .
k Vi

Here W = fall velocity of the sediment particle”:m/‘H
p = a coefficient with a value near unity

" k = von Karman universal coefficient with a valu !
approximately 0.4 "

V,= the sheat velocity, m/s J:

_‘The tern V, is defiried by the equation

S R-13



" VT

'Here 't = mean or average bed shear stress, kg/m2
’ f = density of water, kg-gsec?/m?

For the reach of Jragung River at the gaging station, the
f'f{average bed shear Btress can be estimated with the equqt:ion

T- ¥

X ‘- . unit weight: of water* :kg/m .
Yy depth of - flov , 'u'n
S bed slope of th _»,river

The slope 1s 4.2 m/uém»ifaf:;5&@&@11}:4@&;3@

.15.2_

'C -v 1,000 3" ‘X
‘ o

2 m x 4 2 x “1
The shear velocity is '

The fall velocity of fine sand 1s on the order of o
Thus, for this sand, the Rouse number is o :

01 m/ aec_

H-14



:C?j-i the concentration of sediment at a level y above the
o bedo .

‘C;- the concentration of sediment at distance a = 0'.05d
L above the bed.

d= -the‘total depth of flow

* The untte of conceniration are

ot Weigrt of Sediment __ ;ff;g;iﬂg
Vblume of Water and Sediment o

| Concentration is then milligrams of - sediment pem lite .of.
vater and sediment. | ' ’ ‘

For a Z of 1/10, the concentration of fine sand is pproximately;ﬂ
one-third less at the surface than near the bed._“" . S

For very. small Z, the concentration of suspended sediment is
nearly uniform with depth. 4. e.,the concentration of suspended
sediment is the same at the surface as at ‘the’ bed.‘ For the gaging
station, for the silt and clay particles with fall- velocities in the'L‘
order of 0.001 m/sec, the 2 value is approximately 1/100. Grab
samples taken at the surface are suitable to measure this wesh _"‘3
load. '

The Z value for gravel is large indicating;.hat it is necessary =
to place a sediment trep on the bed of the rivergto measure gravel
load.~,‘: : - '



The vP-61 sampler is designed to take in water and sediment at
the local velocity v (See Figure H~4)., That is, the rate at which of
sediment enters the sempler at any level y is proportional to v.c
and for water the rate is proportionel’to v.

Here v = local velocity, m/sec
,;9'.‘ local concentretion of suspended sediment, mg/l

Hhen lowered from the surface to the bed at a constant rate,b

‘ the sampler collects

\from ell levels in the section. lhis type of sampling is celled_r

‘"depth integrating". -

The total amount of éedieaﬁ:{iﬁjchg.eahbiefls'p:bpoggldnaigﬁb*ﬁ

in which A = cross sectional aree of the nozzle Tﬁeftotelfénonntg.

of water in the sample is proportional to
d'” .

AJ.W" dy

)

The average concentration for~the'§entlcal_ ectionilsf~

'Therefore'{the depth—integreted sample obtained¢fith;{hfqP-6i%sampler;f
" “has an average concentration equal to that at the vertical section:.
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D’tiﬂéf;f{»:~f:h“

- and
fﬁéﬂééf@itnzﬁ; the average velocity in the vertical

R e - the depth-integrated average concentration
in ‘the vertical.

j'qj- < .Ti o

| Normally, depth-integrated samples ehould be collected at 3
or 5 vertical sections across the river. This could not be accom-

"plished at Borangan ‘Bridge, because of the hydrologic and geomorphi

‘ characteristics of the Jragung watershed and the limited resources

avallable to measure the sediment data.< _ P‘

Runoff from the Jragung catchment is primarily surface runoff -
from rainstorms occuring in. the afternoon during the wet season, '
November through May. Because the slope of the watershed is 1arge;}
the flow rises rapidly to a peak discharge and then recedes |
rapidly. The unit hydrograph for 50 mm of excess reinfall in 0. 5
hour has a time-to-peak of only 1.5 hours and -a duration of only
4.7 hours. '

It is apparent that with only one sampler,‘one cannot obtain .
samples at one discharge at more. than one vertical. In 1ieu of this, g
the program was to measure the velocity, depth and suspended E
sediment at the midpoint of the river on the upstream side of the
bridge out of the influence of. the bridge piere and to deduce the
water and sediment discharges for the entire cross section from

these measurements.‘




h?TheWinitiol;program,forfthe measuremente was as follows:

}1l}ffﬂave a11 equipment set up and ready to operate prior to the rainfall'

ltfand preferably before darkness.,__

T2

o
b,

5.
6.

was
1.

2.

‘sediment., o

pAs goon as the river 1evel starts to rise begin continuous
_meaeurements of depth, velocity and suspended sediment.

FER

Ay

At the start of the rain measure the depth. velocity and suspended

/

Haintain thie Program of continuous measurements until 0 SJhour'tfv»

. after the peak of the flood has passed.

On the receseion portion of the flood, measure the depth, Ry
velocity and suspended sediment every hour until the water level
has dropped below a gage height of 1.0 m. Then mcasure again . f
at 0700 and 1700 hours each day until a new flood comes. o

Once a week during a low-flow period, make a standard discharge
measurement by wading using the _small current meter. '

The procedure to follow in making ‘and recordiug the measurement -
as follows: . S S

As soon as all the equipment is ready to operate, mark the recording;
chart for water level recorder with the time and gage height.‘

Begin by taking the velocity measurements. The current meter ia
20 cm above the bottom of the sounding weight.:A L S

In making the measurement, lower the assembly into the water ,f
2Set
the meter on the sounding cable winch to zero. Lower the aeaembly :

until the current meter centerline is at the water aurface.

until the sounding weight merely touches the bed Readfthe meter
on the sounding cable winch. The depth of flow"ia;the meter ﬁg;ifvf‘

reading plus 20 cm.

and the velocity.




3.

If the depth of flow is greater than 33 cm but leas than 100
cm, measure the velocity at 0.4 depth below the surface. For ex-
ample, suppose the sounding cable meter reading is 28 cm with the
sounding weight on the bed. The depth of flow is 28 + 20 = 48 cm.

. Therefore, the velocity should be measured at 0.4 x 48 = 19 cm

' below the snrface. Therefore, raise the assembly up from the
bed;untilfthe sounding cable meter reade 19. Then record the
' depth‘of.ohservation (0.19 m) and the velocity.

If the depth of fIow 1is greater than 100 cm, measure the |
velocity at 0. 2 and 0. 8 depth. o+ For. example suppose the sounding
cable meter reading is 216 with the sounding weight resting e
lightly on the bed.' The depth of flow 1s 216 + 20 = 236. cm{Aa3Qt;’*
Therefore, the velocity should be measured at 0.2 x 236" - 47Ecm f l
and 0.8 x 236 = 188 o Raise the assembly up from the bed ntilizf
the sounding cable meter reada 188 Record the depth of? Y '

(1.88 m) and the velocity. Then raise the assembly again_until s
the sounding cable meter reads 47 cm. Record the’ depth oE obser--fg_
cation (0.47 m) and the velocity. ‘

When the velocity measurement is completed record the time and
gage height. : H

Immediately thereafter, attach the US" P61 sediment,samplergand i
obtain three l-pint samples but place in the same plastic sample
bottle. A

If the depth of flow is less than 33 cm, place the;‘ampleﬁl
lightly on the bed and sample at this point. E '

If the depth of flow is- greater than 33 cm, obtain a depth— B
integrated sample. Open the sempler nozzle above the surface of

. the water, then lower the sampler to the bed at a slow uniform

rate. As soon as the sampler touches the bed raise it immediately

ﬁq*giat thl,same'slow uniform rate through the entire flow.
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Do not f£1ill the pint bottle completely. If the pint bottle
is filled by accident, discard that sample and collect a new one.

5. When the sediment sampling is completed, record the time and the
gage height. That completes a set of measurements.

" All data and other information are to be recorded in the stream-

‘3aseta notebook. There are no exceptions. -

; " Some modifications to this program have been made. Instead of
. ﬁecking up and removing the equipment each day, guards were hired
tb’sit at the site and protect the equipment set up and ready to go
~. at all times. That prevented darage and wear-and-tear on tile more
delicste instruments. At the end of the 1978-79 wet season, the
edffent meter and P61 sampler were moved to another basin. Starting
1in October 1979, surface grab samples were taken with a bucket on
a rope at the centerline of the river at Borangan Bridge.

In summary, the measuremente are

1. Gage heigbt, G, by automatic water 1eve1 recorder and by staff ﬂ}
gage. One’ 15 used to check the other. i R

2, Vblocity v and depth d at the centerline.

3. Depth-integretedaaugpended sediment sample ﬁ;thl@dﬁiA ;?@;i?d ;

4, Sprveyedkcroséﬂeeetidﬁe;iﬁ‘:he reach,

These{:ecordeie;e“iie:edgdﬁﬁfebiee[ﬁléfeﬁdﬁﬁ;?}

3.4.. Labotatory Analysis

LR The auspended sediment sample contains sedinent, diseolved
};)lids’and water., The concentrations of sediment and dissolved
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solids are obtained in the laboratory according to the procedures
recommended by the U.S. Geological Survey. [G4].

Unless the sample contains considerable sand, it is assumed
that the concentration measured at the centerline repregsents the
cverage concentration for the cross section.

H.3.4:a. Dissolved Solids

. From the 294 samples of water and sediment collected from the

' Jregung River at the Borangan Bridge in. the period from 1 November
‘ 1977 to 6 Hsrch 1978, the following figures for totel dissolved solid ‘

content were obtained: :

Highest measured total dissolved solid concenttation was. -
1,930 mg/l. This sample was collected on328 December 1977 at’
0830 hours when the discharge was 0.65 m>/s.

The second highest measured total dissolved solid concentration
was 1,070 mg/1 also on 28 December 1977. The sample was collected
at 2120 hours when the ‘discharge was 10.8 m /s.

The lowest measured total dissolved solid concentration was
204 mg/1 measured on 2 February 1978 at 0850 hours when the
discharge was 11.6 m3/s. This was the recession limb of a
large flood on the previous day.

The latgest discharge for which a sample was collected was
297 m3/s. This occured at 1930 hours on 1 February 1978. - The;
dissolved solids concentration was 276 mg/l and the sediment '
concentration was 33,900 mg/l.

The second largest discharge for which samples were collected

~wag 177 m /s. This discharge occurred at 1715 hours and 1730
hours on 22 February 1978. The respective concentrations were
348 and 310 mg/1.

The sample having the largest suspended sediment concentration
- was collected on_22 February 1978 at 1645 hours when the dis-

charge was 102 m3/s. This concentration was 71,400 mg/l.

The corresponding total dissolved concentration was 356 mg/l.
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The dissolved solids concentrations were larger at the beginning
of the wet season in November than they were later in the season.

The arithmetic average of the 294 sample values is approximately
400 mg/1.

_An average concentration of 400 mg/l for the year results in
a total dissolved solid load of 52,000 t/y at the bridge or

510 t/kmzly for the catchment.
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H.4. CALCULATIONS

4

H.4.1. Discharge Rating Curve'jbﬁ

- The discharge rating curve for the Jragung River at the Borangan

T:HBridge has been prepared from low-flow measurements made across the

:f?entire river and velocity and depth measurements made at the center-
tVx'_rlins of - the river on the upstream side of the bridge.

: li,;Forfthe‘centeriine messurements the plot of gage height versus
‘:'depth of flow shown:in Figure H-5 was prepared. The plot indicates

ﬁthst the riverbed elevation at the centerline varies approximately
O.th_ubfend down. Next a plot of average velocity versus depth of

flow was hsde. Shown in Figure H—6, there 1is poor correspondence
1ndicating factors other than streambed friction are affecting the

depth of water in the reach. These other factors have been 1nvestigated.
Methods used to investigate these factors include advanced mathematics
and are not:included here. The main finding‘ﬁas that the bridge e
plers provide the matin force retarding the flow of wuter in the reach : hh
during floods. ) ' ‘ PR

The relations shown in Figure H-5 and H—6 vere used aloug with
the survey of the cross sections in. the reach to prepare a relstionf
between gage height and water discharge. This relation can be. re- 1
presented by the equation : g

Q = 39.4 (E- 0. 73)2 167

in which Q = water dischsrge, m /sec“":

G = gsge height,

3 The dats»used”to:obtain_thia equstion were those collected
“durin‘ th ‘fire yesr of‘messurement. The equation should be
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adjusted, if necessary, to reflect the new meagurements obtained in
subsequent years. The upgrading should be done at the end of May
and then the new rating curve used for the prior year.

The calculations for the flood of 1 February 1979 are given

. herein as an example.v The ‘calculations are done in Table HﬁB., Thef
psediment concentrations are ‘ligted in Table H-6. cha e

H.4.2. Digitel Record

First, the automatic water level record is checked 1
records in the streamgager s notebook._ Any discrepancies are

Next, the gage record on ‘the chart is converted to digital form 7
in such a manner that all changea in stage are dutifully described -
in the digital record. Also, short time periods are used when the | -
stage is changing rapidly, even though linearly. The stages at moments
vhen sediment samples were takes are also included in the digital
record. The stages are then converted to discharge using the rating
equation given previously. o

H.4.3. Concentrations

Next a graph of measured concentration versus time is prepared
to check the consistency of the data and to see if any estimations K
are required. As the record for tha flood ‘of 1 February 1979 1s R
very. complete, another flood bas been chosen to illustrate how
estimations of concentrations are made.

The'h‘dio apwffor heﬂlargest flood 4n the 7-year period of
ﬁrecord ‘at the’ Borangan Bridge is given in Figure H-7 along with the
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25 measurements of,suspended'sedinent concentration at the water
surface. The rainfall for this flood occurred on the 21 and 22 of
‘January 1980.

_ As the streamgager was late in arriving at the site, there are
no measurements of concentration for the rise of the flood. The con-
centrations for this period and other short periods during the flood
are estimated from other measurements as shown in Figure H-8. The
numbers beside the points are the sample numbers and are sequential
with time. |

Next the sediment concentrations for all discharges in the digitél

recoxrd are entered in the calculation Table H-8 and the suspended:
sediment discharge rate is determined. ' oo '

H.4.4, Sediment Discharge
The suspended sediment load is cdm§d£§d7ddidgfﬁhéﬁé#ﬁééﬁéé&ﬁ@l
q = 0.001CQ

in which Q8 = guspended aediment discharge at any instant
of time, kg/sec - : :

C = concentration of suspended sediment,'mg/l

Q = water discharge, m /eecr

The time periods have been"choéén;sd_ghat“é};iﬁéét'hbﬁfdﬁiﬁéﬁ#éﬁ?*?;

is appropriate. That 1s
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Here W = 1g the weight of sediment discharged in time At

Q 1 = suspended sediment discharge at the beginning of
8 the time step At
‘ Qéz = suspended sediment discharge at the end of the
. time step At
e Q; +Q ‘
.and’ vV = -lfiifg At
Q, =

H.4.5. Storm Values

During the 1 February 1979 atorm, the maximum meaaured auspended |
concentration was 68,600 mg/l.‘ The flood: peak was 197 m /s. The ¥ j"
total suspended sediment discharged between 0800 houra on l February ‘
and 800 hours on 2 February was 75,800,000 kg " The volume of water :
passing the station was 2,450,000 ma. The average concentration for :
the storm was o ‘ B

€ = D080002 % 1,000 = 30,900 me/1 -

which is very large.

During the largest flood in the record the maximum meaaured
suspended aediment concentration (at the surface) was 98,700 mg/1.
.The f£lood peak was 752 ES /s. The total suspended sediment discharged .
;ﬂgbetween 2030 hours on 2l January and 0800 hours, on 23 January 1980 was

fi18°5 000 000 kg.‘ ‘The volume of water passing the station was
,kl 7 600 000 m3;v The average concentration for the storm was
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T - 22000 x 1,000 = 45,700 mg/1

'-TH.Qrﬁliﬁailz‘Recorda

- The suspended sediment load has been calculated for all days
‘ in the period 1 November 1977 to 30 April 1978 and from 1 October
_1978 to 31 May 1979. The daily values are given in Tables H-9

'”ufand H-IO, respectively. The values of water and sediment load

‘:in the tables are those occurring from 0800 hours on the day. liated .
" to 0800 hours on the eucceeding day.,

The measured values of suspended eediment concentratio and ”.,»
their corresponding dischargea are. plottad An’ Fisures H—9 and_H-lO.“j

The plots prove that there is no suspended sediment rating .d‘”
curve for the Jragung River. The concentrations depend mostly on A
intensity of rainfall, and the conditions of the watershed where it7
is raining; not on the water discharge in the river. Ground cover,;
soil type, soil moisture and topography are the prime ‘factors. whichﬁﬁ
determine to what degree a given rain intenaity erodes the soi1.95;gf

If the time becomes available, one could study the relation L
between daily sediment yield and daily rainfall at each of the rain-;
gages in the catchment. The daily raingage records are included '
as Table H-1l. The values. listed are for the period from 0700

hours on the previous day to 0700 houra on the day listed.

: u—-12. _
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H.4.7. Monthly Records

The monthly values of measured suspended gsediment yield for the
Jragung catchment obtained by measurements at the Borangan Bridge
are given in Table H-18. The values for volume of water discharged

~ for the entira period of record are in Table H-14,

H.4.8. Season Records

On a season besis. nearly.twice as much sediment was discharged
in 1977-78 as in 1978-79 even though the runoff was greater in the
latter period. Omn the average. concentrations were much larger in
the 1977-78 wet eeaaon than in the 1978-79 season. That is, the -
cloud of points in Figure H-9 is displaced farther to the right
than in Figure Helb. -

Comparison of monthly basin rainfall end streamflow during the’
months when suspended sediment samples were taken are’ shown"in=' -

Table H~15.

Both years were eqpally drier than normal' the rainfalle for
the seasons were 81 and 85 percent. of the long-term normal. Stteam-
flows were also less than normal only. more so., In 1977-78 etream~s=
flow was only 59 percent of the long-term average and in 1978-79,

65 percent. L a

There is an another difference in the two yeats record. Intf
1977-78, it was extremely dry at the atart of the wet seaaon whereas
in the next year there was more rain at the beginning of the eeaaon;

There is enough evidence in the record to indicate that sediment
"ainfall at the beginning of the
beginning,_vegetation is sparae

[1yie1d is greater for a given eto

.ﬁtwet season than at the end

TR




and the soil 1is dry. At the ‘end, the vegetation 1s more luxuriant
rdsnd the soil 1is wet most of the time. '

, A8 the two years of record were extremely dry (the rainfall in
§]1977"78 was the second lowest in the entire 52 years of record), it
ffis necessary to estimate the suspended sediment forva normal year.‘»

, The method employed in the final design»reportafor Jragung Dam
f[E2] to obtain the suspended sediment load was to multiply the »
;monthly average concentration for the 1977-78 wet season given in
‘Table H-4 by the 1ong-term monthly streamflow given below.,;;.;V“ E

LONG—TERM MONTHLY STREAMFLOW
AT BORANGAN BRIDGE '

(106 m3 and %)

Oct Nov Dec Jan Feb Mar Apr' May Jun - Jul' A

3.7 8.8 14.9 26.1 20.8 22,2 147 10.0 3.8 2.4 L1
2.8 6.8 11.5 20.2 16,1 17.2 11.3 7.8 2.9 18 0.8

At that time it was estimated that the suspended?sed’ ‘
in the remainder of the year was less than 1 percen';ofhthat dis-*fi'
charged in the other months and could be ignoredt;

Using the same method with two years ofd

. suspended sediment load for the entir year of
~ The calculations are shown in Table H—l6 i
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H;ﬁt?ldned‘hoadyfd

The bed load in the Jragung River is almost entirely gravel
[The river is not totally alluvial in form as the bed degrades down to
"bedrock is some reaches. = | ' ‘ ‘

- Calculations of bed load uaing 5 different bed-load formulas, g
ithe instantaneous flow duration curve and the assumption Lhat there

frange of so ooo 3oo ooo t/y. A value of 200 000 t/y ia usedl'for |
the” estimate ofvsediment yield. S ”

H.4.10, AVerage Aﬁdhéi*éeéiheﬁch1e1dg

The total yield of sediment from the Jragung catchment upstream

from the Borangan Bridge 18 the sum of the suspended and'bed loads””f

Employing only the first year estimate of suspendedﬁload thev,i
long-term average sediment yield is 20 000 t/kmzly.. Thii;isﬂthwu‘f_:V
used to design the Jragung Dam [EZ] :

Employing both years of record of suspended sediment‘ﬂthe long- -
tern average sediment yield is 16,000 t/km /y. “This is the value - .
used in this reconnaissance.

The distribution of the long-term sediment yield’bw'month*i’
shown in Figure H-11, along with the distribution}“‘;':f'j” on
rainfall and streamflow.




= H.4,ll;-ﬁords of Caution

It ‘must be emphasized that two years of record is not considered

'4Ta suitable length of record to. estimate long-term sediment yield. In
'-fthe first place. sediment yield can vary greatly from year to year even

when the rainfall and land use remain relatively constant, ' This point
is illustrated by the data collected in two years at . the Borangan »
Bridge. In these cases, ten to thirty years of’ record are required

to obtain an accurate estimate of- average sediment yield.‘ Secondly, .
changes in land uge in the future can affect the sediment yield by a.
very large factor.

The value of 16, vou t/km 1y for long-term average sediment yield
1s the "best estimate" available at this time. The method of inter-*;ﬁ

polating the meaning of’ the 2 years of - record is not p oven. her;~
:in the future.f

interpretations are possible. As more data are collecaﬂ”
the "best estimate" will improve.

The flood of 22 January 1980 produced the largest peak and the -
greatest volume of runoff in the hydrographic history of the Jragung
River. Moreover, the measured sediment yield for this single storm was.
approximately 8,000 t/km, equivalent to a soil erosion cf 8 mm over
the entire catchment. Considering the fact that the rubber plantation
and the rice terraced parts of the watershed produce very little fv,f
sediment, one is lead to conclude that erosion in the teak forest .and’-

in the dry-farming areas was nearly catastrophic.




H.5. OTHER INFORMATION -

B.5.1. Flow Duration

N A meau daily flow duration curve for the qragung River.ﬂt the
‘Boransap Bridge had been prepared in 1976 [El] from data collected
' betweeu 3 May 1973 and 31 December 1975. -

That flow duration curve hae been adjuated for shape and volume
80 as to represent an eetimate of - the inetantaneous flow and with
" an annyal runoff of 129 6 x 106 3.» “The values for this curve
are givgn in Table Hrl7.

The mean daily flow duration curve should be reviaed touinclude
the data collected in the more recent years. Actually, for guch’ .
small watersheds as Jragung, the instantaneous atage-duration curve;
could be produced directly from the automatic water level e
chart. The inetantaneoue stage-duration curve could thenﬂme
to the instantaneous flow duration curve by employing the late;t‘;f}f

discharge rating curve.

H.5.2. Twice Daily Method

As discussed in the section titled "Previoue Studiea”, the \;f
1907 suspended sediment samples were taken at 0800 and l8b0 houra
each day. In general, one could reason that the amount of sediment
measured in this manner would be lesa than the actual amount paaeing
the gage .,. tPe same for water. In fact, Butten noted that his fa'f"
~ calcylated volume of runoff. for 1907 wae too apall as compared to
" the,rainfa;l-,

With the data availa'lepnow. there is the opportunity to check

'fjhow much difference ther 3between the amount computed by integration
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using many samples during storms and the ameunt computed using only
the samples collected at 0600 and 1800 hours. '

A summary of the monthly values for water and suspended sediment
.calculated using sediment samples collected at 0600 and 1800 hours
for 1 year is given in Table H-18.

The monthly values given in Table H-18 differ by a large amount
from those calculated by integration and listed in Table H-11, For
example, the correct suspended sediment load for April 1979 was
214,000,000 kg, whereas the value for the twice daily method was
430.000,000. kg, nearly twice as large. The reason for this difference
is that at 1800 hours on 6 April, the discharge was 305 m3/sec and the
concentration was 26,000 mg/l. These values accounted for 80 percent
of the monthly sediment. - '

- The comparison with the -integration'metho_d for the year is giv,eg;
below |

Iuice DailyMetliod = - Integrated Method
Annual vglume of . |
water, m 100,200,000 - . +88,700,000
Annual weight of B,
suspended sediment, kg 830,000.000 £ 8,000,000

On a yearly basis, the two etsfﬂ ‘,_values agree fa:lrly we11. .-

Moreover, the twice daily method resulted in a larger volune of water

end weight of sediment than actually occurred. .

‘ ‘.l‘his one effort at evaluating the twice daily method indicates
,;_qthat useful annual information can be obtained. On a monthly basis,
" "'A_the nethod results in very erratic values.
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H.5.3. Sediment Rating Curve Method

Developed for rivers transporting mainly sand or gravel, the
sediment rating curve method has been used extensively in Java where the
sediment load is primarily silt and clay. The method can be tested
using the data collected at the Borangan Bridge.

In some manner, the locafion.ofrating curve for the two sets of
concentration versus water discharge data si .. in Figures H-9 and
H~-10 can be estimated. Then by employing the instantaneous flow -
duration curve along with the concentrations obtained from the sediment
rating curve, annual values of suspended sediment can be calculated
as shown in Tables H-19Y and H-20.

As the iﬁd;vidual annual flow duration curves have not yet been
derived, thé long;térm average flow duration curve has been used
for these calculatione. The’average of the two annual suspended

sediment yield values is"

S ey . ’d o
17,800 + 8,500 v 33,000 - t/ki’/y

This value is only 7 percent smaller than that obtained by 1ntegra-x'

i)

..
[ g V-

tion and adjustment.‘

H.5.4. Plood of: Record

During'the evening 6f 21 January and the morning of 22 January
 1980, continuous low-intemsity rainfall over the Jragung catchment
fﬁrodnéed'the largest flood recorded in the brief hydrologic history
TOf'the Jragung River at the Borangan Bridge. Herein, the analysis of .
‘this flood is presented. |

- H=34



H.5.4.a. Daily Rainfall

The daily rainfall records for the non-recording raingages within
the catchment are given below. The values are for the period between
0700 hours on the day listed and 0700 hours on the next day.

DAILY RAINFALL IN THE CATCHMENT

(mm)

- Stat:l.on o Jan Jan  Jan Jan Jan Jan - Jan.
o 17 18 19 20 22 22 23

o4 13
¢2f,'*ié?L~,ﬁ$}.?57fa°

Jragung - 10
Sambiroto - 10 :'; o

Jat:l.tungéo -

Pagersari Klepu na
Karangjati - 30
Jimbaran - 57

10 5
Klepu na ua SR

na

50

Note: The designation "na" 'means notava:l.lableyet

The most intense rainfall was to. the. north of tha'Jrasung _vatchment.
The daily rainfall at some of the gages to the north are' as follows. ’

DAILY RAINFALL TO THE NORTH"
—-—-——-—'———"(m)v : —
Station Station Jan
No. 20

Gunung Pati 46 58 - 181 o
Susukan 6h . 15 Saret -
Uﬁgarén . 65 26 : | 371 .18
Sumurjurang 65 ' 26 . 367 -
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Ungaran which is only 6 km north of the Karangjati gage received
389 mm from this one storm.

H.5.4.b. Basin Rainfall

The storm rainfall for the record breaking flood on the Jragung
catchment was estimated using the data from the five raingages in the
catchment upstream from the Borangan Bridge. The Thicssen weights for
these gages are given in Table A~6 Appendix A - Part I.

The basin rainfall for the storn is calculated be;ow;

Station raiggg;? mm ,nITE::;::n‘ ‘79§?F§ib9Fi§§¢€
Jimbaran 56 A i{‘n;i846
Karangjati 210 ’ ©7.1185
| Pagersari/Klepu 140 ;1679v'
Jatirunggo . 158 -‘.1742‘
Sambiroto 161 3548

H.5.4.c. Rainfall Intensity

There were 4 functioning recording raingages within the Jragung
catchmént in January 1980. The intensities recorded dur:lng the storm
of 21 and 22 January are given in Figure H-12. These were obtained :
from the weekly charts and are 6n1y.apprdxinate. R e

The apparent largest 30-minute rainfall intensity was approximately
.40 mm/hr and occured at the Jragung and Jatirunggo gages around 0500 hr
fin the morning of 22 January K =
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H.5.4,d. Peak Stage

The peak stage at the Borangan Bridge was 4.63 m and occurred
‘at 2240 hours on 21 January. The stage for zero discharge is approxi-
: mately 0.73 m making the peak flood wave 3.9 m high.

jﬂt5,4tet:Discharge

Baeed on. the 1978 rating curve, the peak discharge was 752 m /s.
o The complete flood hydrograph ia ehown 1n Figure H—7.

‘The volume of streamflow occurring between 2030 houra on 21 and
0800 hours on 23 January was 17.6 x 106 m3. ‘This is the value for
the storm as groundwater flows previoue and subsequent. to this" period

‘ are inconsequential.

The volume of streamflow is equivalent ‘to an excess rainfall of.
174 mm over the entire catchment.r.

H.5.4. £, Discrepancies

First, the volume of atreamflow 18, greater than the estimated
volume of rainfall. Even with' the wet antecedent conditions which .

existed (a flood with a peak greater than 230 m3/e passed by 2 daya:i

earlier), the streamflow should be at least 12 mm lesa than the rain-f
fall.

The estimate of rainfall may be wrong, the gages are a -
poor aample of the storm: rainfall. Also. the ‘'extended stage-
- discharge rating curve may be in error for very large floods.

: The rainfall recorda must stand as measured. However,
" the new 1578-79 data on depth and velocity should be analysed
and the discharge rating curve adjusted if necessary. ‘
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The rainfall intensities derived from weekly raingage charts
are too low to produce a peak discharge of 752 m3/s.

Daily charts of rainfall and expanded time scales for stage are

~ necessary in order to accomplish a meaningful hydrograph analyses on
" the Jragung River. = . '

H:5.4gg; AhnﬁaltPeekifieeaf
The most recent estﬁmate of the mean annual flood peak for the

it Jragung river at Borangan Bridge 1s 368 m /s. The catchment area.
is 101 k. Thevannual peaks are as follows. ' '

| ANNUAL PEAK FPLOOD -

Year 'Date'¢ L. Peak Discharge

m /s
5 Jan 1975 280
18 Mar 1976 345
23 Apr 1977 158 ¢
31 Dec 1977 387
6 Apr 1979 _353(
22 Jan 1980 752,

N o nm S WN e

* " B
Record begins on 4 May 1973.

‘The coeffictent of variation for this flood record is 0.504:

B-38



H.5.4.h. Flood Volume

The volumes of the floods measured in the Jragung River at the
.”Borangln Bridge have been determined for each of the annual peak hydro-
“grophs. These volumes are listed with the peaks in the table given
~previously in the table of anmnual peak floods.

‘ _" Based on flood volume alone, the 7 largest annual flood volnmea
L-for rainfall during a single day are as follows: . el '

' ANNUAL FLOOD VOLUME

Year pate Peak Discharge
Somt/et
1" 29 May 1973 -_‘f’fiias;
2 11 Jan 1975 a3
3 25 May 1975 287
4 20 Mar 1977 o an
5 1Feb1978 356
6 15 Jan 1979 ©o191
7

22 Jan 1980 152

*
Record begins on 4 May 1973.

Using thesge data.»the averageyhoﬁoolfflood7tolT" for the Jragung\

- The.. period”of recotd
of . these flood

River at the Borangan Bridge 13‘6 45

is too short to estimate the frequency 1atribut

volumes accurately.
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Photograph 1: Jragung River at the Borungan Bridge.

View look!ng downstream. Automatic View looking upstream. Automatic water
water level recorder housw is on the level recorder is in the house attached
left pier. Tite working platform is to the downstream side of the pier.

at the center or the bridje. The piers
are 3 meters in wicth at the base.

Photograph 3: The recorder house and wet well on the Photograph 4: Price current meter and Columbus weight
downstream side of the pier. The 2 to
6 meter sections of the staff gage are
attached to the abutment on the left
gide of the photograph.

‘

t,/ Q8 - o . : S - ... .N"
Photograph 5: US P61l sampler used to depth-integrate

the suspended sediment transport.
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TABLE B-1

JRAGUNG RIVER AT BORANGAN BRIDGE
"BED-MATERIAL 'LOAD, LOWER PART, 1976

e e Water Discharge Volume Concen-
Date . Sample . Hour Gage Height Velocity 1In The Measured tration of.Bed-
P R . E Range Material Load

Moo m w/alm x 1078

1,220
680
449

: R ) : gy
e T OO
NN N B

Féﬁfidff!ﬁfOOi??'ﬂiiiiﬁﬁ’ 1,88
/005 -, 1823 -~ 1.38"

iéﬁQ;”
-

1,080

Tpeb 170 007 1759 155 |
y 760

009 1839 1.5

1,090
o j789‘f
958,
’f.:lQSQ"
685"
e 512

Feb 18 011 1638 - 1.95°
013 1710 C1.77¢
015 1727 © 1475
017 1803 177
019 1827 1.80°

021 1907 1.72
023 1932 - 1.68

.- . B o o 7 .
NWUWW. U WL B S W N

Feb 23 025 2000 2.28
027 2025 2.30
029 2100 2.12
031 2120 2,03
033 2157 1.89

035 2216 1.80
037 2246 1.74

0799 ¢
693
71325
535
- 465
©.900 -
01,2100

P R R oy o e
b e e

v 922
1,410
i 966
11,214
© 71,730
© 71,230

Feb 25 039 1430 1.55
041 1458 1.85
043 1514 1.77
045 1545 1.72
047 1600 1.66

049 1623 1.60

-
=

797
410
. 682

Mar 4 051 1750 - 1.60
053 1817 1.54.
055 189 152

L ]
SN
PO

E N O O T R



‘Date - Sample’ ~Hour  Gage Height Velocity

TABLE H-1 (Cont.)

~ JRAGUNG RIVER AT BORANGAN BRIDGE
BED-MATERIAL LOAD, LOWER PART, 1976

Water Discharge
In The Measured
Range

mals/m

Volume Concen-~
tration of Bed-
Material Load

x 1078

Mar 18

Mar 19

Mar 22

Mar 29

057
- 059
061"
063
065
067

069
071

073

075
077

079

081

083
085
087
089

091
093
095

097
099

1522

’a154f;
1615
. 1628
?‘1653ﬁ

1706
1459
1530

1602
1631
1700

1729
1741

1948

1957

2029
2043

1424
1459
1515

2105
2133

i
2,14

1.92°

1,87
. 1.76

174
3.00
-2.40°
2,02

1.89

1.85
1.83

1.83
1.80
1.65
1.70

1,83
1.75
1.65

.70
1.60

L2412
1191
e
: 1.40
- 1.46

"1;13;4

. 3.45
5 By ) N
1.36
1.12
'1.24,
12

1{387
1.24
1.07°
1.24

1.30 -
1.28:
1.22

1.24
1.13

0.77

0.73
. 0.67.
.54,
L 0.57

0,67

1,017
- 683
- 886 .
-, 117
j.lsZQ;!"

;:75£939 b




TABLE BH-2

- WATER TRAP SAMPLES
. JRAGUNG RIVER AT BORANGAN BRIDGE
1976

"Hour Gage Height Discharge  Concentration

m o ‘ msjs. ) mg/l'

‘Feb. 5 :"URWT.001, 1240
6 002 f0730
=T 003 0700
9 004 10800

+10: 005 .0803

67
48

" 64
24

o
L 2
‘00000
SN W

©OOD®G COROW TINNG

Il el o T
0000 .
000w

11 006" 0730
12: 007 0700
13 1008 0730
14 009 1800
16 010 0748

17 011 0730
18 012 0810
013 1615
014 1630
015 1645

- .

o el e SRS
- E-}

016 1700
017 1715
0ls 1730
019 1745
020 1800

*

L S
NN NNG0ON
0O W ;W

021 1815
022 1830
023 1845
o2y 1900
025 1915

SNNNo
O N .o O

HOBERRPREE O FRRERR R

026 1930

.
.o
L@

Feb 19 027 0815
20 028 0900

21 029
.22 030
23 031

o e o
OO0 .M
O N O

032
034
:035 -
036




Date | Sample
oMo

TABLE H-2 (Cont.)

WATER TRAP SAMPLES

'JRAGUNG RIVER AT BORANGAN BRIDGE

ﬂﬂdur

1976

Gage Height

Discharge :
3
m/s: -

,Concentration
mg/l

Feb 23 URNT

Feb

Feb

Mar

Mar

24
25

26
27
28
29

= W N

040
o4l

037
038

039

042
o043
o4l
ous

046"

ou7
048
049
050
051

052
053
054
055
056

057

058
059
060
061
062

063
o6u4

065

066

oo
o
SULLE
om0

- 2040
2100

2115

. 2130
2045
2200
12215

2230

2945
2300

0720
o745
1425
1440
1455

1510
11525
1540
1555
1610

1625

0745
0800
0800
0800
0800

0700
0800
0715

0735,
. 0745,
0815,

R R RN X )
©FEDNFE

L ]
<~ Ul DLW
NnFOO W

* ® @ 9
DO ~I.~) D
MDJWOOo

H ORRRRR O RRPRERE S ERRFERE O RPONNON

L)
[22]
o

E
£

9,740
9,630
14,300
9,250

14,300

18,000
- 14,200’
. 9,860
-.9,670
.-13,300

8,420
" 808
8,540
© 13,700

8,910

- 16,400 -
13,700
14,300
.15,000
9,990
12,300
18,900
- 536
. 292
a8
. 7.108

1,720
RRE -1-1-
- 8,130
8,150
8,570

615
- 8,760
7,800



TABLE H-2 (Cont.)

7 WATER TRAP SAMPLES
JRAGUNG RIVER AT BORANGAN BRIDGE

1976
e R
“Date [ Sample - Hour - Gage Height Discharge ' - Concentration
NO. ’ m* «mal_s ’: L mg/l
Mar. 5 . JRWT-071 . 0700 l.44 - 18.8 " 1,600
60720 0815 1.20 .7.67. 323
7. 073 0645 1.110 4,84 C.134.
8 : 074 0630 1.08 - 4,05 182
9 075 . 0803 1.02 2,69 1138
076 1520 2,25 97.6 11,700
. 077 1535 2.17 86.8 19,600 .
078 1550 2,04 70,7 19,500
079 1605 1.95 60,6 17,400
080 1620 1.90 55.4 17,200
081 1635 1.86 51.3 15,700
082 "1650 1.76 42,0 15,100
083 1705 1.72° 38.6 16,700
08y 1720 1.72 38.6 - 24,500
Mar 10 085 0830 1.31 1201 1,330
Mar 11 086 1055 1.29 /1,000
12 087 0800 1.16 T2l
16 088 0745 1.19 . 260
17 089 0810 1.12 210
18 090 0715 1.22 730
091 1429 3.50 " 24,000
092 1445 3.25 '23,600
093 1500 3.00 123,700
094 1515 2.80 . 123,100
085 1530 2,52 . 23,700
096 112,500
097 17,700
098 18,300
099 ‘17,800
100 18,600
~101-- 17,900
102 16,600
: 17,600
17,600
23,400



TABLE H-2(Cont.)

WATER TRAP SAMPLES
JRAGUNG RIVER AT BORANGAN BRIDGE

1976
ibétéf;if séh§l§: Hour Gage Height Dischhrge Concentration
o "‘innﬁify, o ‘m n’fs mg/1

‘Mar'19 JHRT 106 0705 145 19.3° 7,100
2;107“!:%:;915?7?; - 1.50" - 22.4 10,300
110801932 1,74 40.3 10,600
108" 1e4s- ‘1,85 - 50.4 9,980

110 2000 . . 1.80 - 45.6 10,000

11 2015 1,70 36,9 9,960

112 2031 1,65 86,1 - 9,580

113 2045 1.70" 36,9 7,680

Mar 20 114 0715 141 17,1 10,100
21 115 0716 1.16 6.33" 910

" Mar 22 116 0720 1.09 4.31 45y
117 1425 1.58 27,7 22,200

118 1440 1.90 55,4 21,200

119 1445 1.80 45,6 22,500

120 1500 1.69 36,1 32,600

121 1525 1.68 b 17,300

Mar 23 122 1600 1,10 4,87 1,680
24 123 0800 1.07 3.80° 84l

25 124 0730 1.17 6.65 1,290

26 125 0745 1.15 6,01 808

27 126 0630 1.05 3.34 336

28 127 0840 1.15 6.01 795

29 128 0800 1.07 3.80 .. 452

129 2102 1,70 36.9 6,440

130 2117 1.65 32.9 6,020

131 2132 1.55 25.6 - 6,140

30 132 0730 1,22 8.40 - 1,560

31 133 0700 ;1,09 . &,31;‘ 438

Note: All samples were taken at middepth at the vertical aection
approximately midway betwe yhe,twqya-mgtepﬂdiameten piers

in the river.
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TABLE H-2 (Cont.)

WATER TRAP SAMPLES
JRAGUNG RIVER AT BORANGAN BRIDGE

1976
Date . Sample Hour Gage Height Discharge Concentration
No. m m/s mg/1

Feb. 5  JRWT 001 1240 1.03 2.90 - 87
6 002 0730 1.03 2.90 48
7 003 0700 1,02 2.69 64
9 ooy 0800 1.02 2.69 24
10 ‘005 0803 1.07 . 3.80 180
1 006 0730 1.13 - 268
12 007 0700 1.06° 85
13 008 0730 1,03 73
1 009 1800 1,09 ¢ 508
16 010 0748 1.09, 434
17 011 0730 1,05 118
18 012 0810 1.08 429
013 1615 1,70 24,200
o1y 1630 1.90 21,100
015 1645 1,89 120,000
016 1700 1,79 17,100
017 1715 1,75 18,100
018 1730 1.73 ¢ 22,700
019 1745 1.70- 17,200
020 1800 L5 17,300
021 1815 '1.80 17,300
022 1830 1,78 17,700
023 184S L 1.75" - 8,160
024 1900 1.72 8,370
025 1915 1.70 " 8,620

026 1930 1.68 12,600

Feb 19 027 0815 1,26 500 .
20 028 0900 1.2 419
21 029 0810 ; 1,08 244
22 030 0820 1,08 ; 315
23 031 0820 1,05 : 126
032 1930 1.70 - 36,9 11,300
033 1945 1.90. 55.4 5,240
034 2000 - 2,25 97.6 12,900
035 - 2015 2. 30 105 12,600
036 - 2030 2.30. 105 10,700



TABLE H~2 (Cont.)

WATER TRAP SAMPLES
JRAGUNG RIVER AT BORANGAN BRIDGE

1976
‘Date Sample " Hour Gage Height Discharge . Concentration
: 3
No. ‘ . m : m /s mg/1
Feb 23  JRWT 037 2040 £2.20 - 90.8 9,740
038 2100 2.12 80.4 9,630
039 2115 2.05 71.9 14,300
040 2130 2.02 68.4 9,250
o4l 2045 1.92 57.4 14,300
042 2200 . 1.84 ug.4 15,000
043 2215 1.82 47.5 14,200
o4y 12230 - 11,78 43,8 9,860
ous 2245 1. 40.3 9,670
0u€ 2300 1.73 - 39.4 13,300
. ¢ T ; .
Feb 2 047 .0720 71,38 13,0 8,420
- 25 o048 - 0745 11.20 < 7,87 608
049’ 1u25 “1.59 " R W 8,540
050" 1440 1,54 25,0 13,700
0517 1485 1.75 ¢ RS e 8,910
052 1510 1.80 . 45.6 " 16,400
053 1525 1.70 286,97 13,700
054 1540, - 1.73 - 894 14,300
055 1555 " 1,677 D DR 15,000
056 - 1610 1.66. L 83,7 - 9,900
057 = 1625 v1.80. 12,300
: AT ‘ '
Feb 26 058 0745 J10u 18,900
27 059 0800 /1,217 536
28 060 0800 L1013 292
29 061 0800 - 1.09 88
Mar 1 062 . 0800 111 108
Mar 2 063 0700 01,30 1,720
3. 064 - 0800 11,28 555
4 065 0715 1,35 8,130
066 0735 1.68 8,150
067 , 0745 " 2. 64 32.1 8,570
068 0800 1.57 .27.0° 615
‘069 -0815 1.54 25.0 8,760
070 0830 1.52 23.6 7,800



TABLE H-2(Cont,)

WATER TRAP SAHPLES
JRAGUNG RIVER AT BORANGAN BRIDGE

o 1976
Date . Sample Hour Gage Height Discharge Concentrat!
No. m mals mg/l
“Mar.' 5 JRWT 071 0700 1.44 1,600
6.~ 072 . o815 1.20 323
T . 073 " 0645 1.11 134
8 074 0630 1.08 192
9 075 0803 1,02 138
076 1520 2,25 11,700
077 1535 2.17 19,500
078 1550 2,04 19,500
079 1605 1.95 17,400
080 1620 11,90 17,200
081 - 1635 1,86 15,700
082 1650 1,76 15,100
083 1705 1.72 16,700
084 1720 1.72 24,500
Mar 10 085 0830 1.31 1,330
Mar 11 086 1055 1.29 ~1,000
12 087 0800 1.16 -l
16 088 0745 1.19 . 260
17 089 0810 1.12 1210
18 030 0715 1.22 730
091 1429 3.50 . 358 24,000
092 1445 3.25 292 23,600
093 1500 3.00 233 - 23,700
09y 1515 2,80 191 23,100
095 1530 2:52 139 23,700
096 1545 2,40 120 12,500
097 1600 2,20 - 90:8 17,700
098 1615 2,15 8,2 - 18,300
099 1630 2,10+ 77.9 17,800
100 1645 2,02 - 68.l - 18,600
101 1700 2.00 66.1 17,900
102 1717 1,89 " 54.3 16,600
- 103 1737 1.85 . 50.4 17,600
. 108 1745 1.84 ug. 4 17,600
105 1805 1.80 45.6 23,400
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WATER TRAP SAMPLES
JRAGUNG RIVER AT BORANGAN BRIDGE

1976
Date Sample Hour Gage Height Discharge _ Concentration
, 3
No. m m /s mg/l
‘Mar 13 JWRT 106 0705 1.45 19.3 7,100
, 107 1915 1.50 22.4 . 10,300
108 1932 1.74 40.3 10,600
108 1945 1.85 50.4 9,980
110 2000 1.80 45.6 10,000
11 2015 1.70 36.9 9,960
112 2031 1:85 36.1 9,580
, 113 . 2045 :1.70 36.9 7,680
Mar 20 114 0715 1.41 17.1 10,100
21 115 0716 - S 1160 6.33 910
Mar 22 116 0720 1.09° 431 7 b5k
117 m2s 1.58. 217 - 22,200
118 1440 1:90 554 .. . 21,200
119 1uus 1:80 W56 22,500
120 1500 1:69 8617 . . 32;600
121 1525 1:63 * 117,300
Mar 23 122 1600 1.10 1,680
24 123 0800 1:07 ookl
25 124 0730 1.17 65 .1 13290
26 125 0745 1.15 o808
27 126 0630 1.05 336
28 127 0840 1:15 795
29 128 0800 1.07 452
129 2102 1:70 6,440
130 2117 1:65 6,020
- 131 2132 1:585 256 . 6,140
30 132 0730 122 8:40 1,560
: . #,31 438

i

3l 133 0700  1:09

Notei All samples were takeii at iiid-dépth at the vertical section
"~ approximately midway bétweén the two 3-meter diameter piers
‘in the river. o
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TABLE H-3

JRAGUNG RIVER AT BORANGAN BRIDGE

SUSPENDED BED-MATERIAL LOAD, UPPER PART, 1976

Water Discharge

Volume Cor~

Date Sample Hour Gage Height Discharge In The Measured centration of
. . Range Suspended Load

No. 'Qm = 3’h§/e m?/q/m x 10—6
Feb 14 002 1728 1,77 42.9 2.16 721
004 1751 1,53 24.3 0.97 5,850
006 1834 1,37 15.0 0.73 2,770
Yeb 17 008 1810 1.67° 34,5 113 4,280
010 1831 1.56 26,3 1,457 3,000
Feb 18 012 1648 1.860 51.3 2,96 2,560
014 1704 1.77 42,9 “2,51 2,130
016 1739 1.72 38.6 2.18 - 2,210

018 1756 1.69 361 1,96 1,190
020 1837 '1.78 43.8 2:32 1,360
022 1859 1.78 . 43.8 1,99 824

024 1946 1.65 32.9 1.93 ° 2,830
Yeb 23 026 1950 2.00 66.1 ° 2.4 S
028 2040 2.22 93,5 5,45 3,700
030 2055 2.15 84.2 5:12 Tlen
032 2132 1.97 62.8 547" © 252
034 2147 1.92 57.4 3.68, 1,590
036 2228 1.77 42.9 1,840
038 2242 1.74 40.3 11,330
Feb 25 040 1440 1.54 25.0 *2,880
042 1443 1.57 27.0 1,650
044 1527 1.74 40.3 © 2,920
046 1539 1.73 39.4 1,848
048 1608 1.66 33.7 1,490
050 1617 1.64 1,510
Mar 4 052 0801 1.65 1,140
054 0813 1,54 1,350
056 0834 1,51 3,400



TABLE H-3(CONTINUED)

JRAGUNG RIVER AT BORANGAN BRIDGE
SUSPENDED BED-MATERIAL LOAD, UPPER PART, 1976

S Water Discharge Volume Con~
Date  Sample Hour Gage Height Discharge In The Measured centration of
S e : Range Suspended Load

3 6

kajﬁ&f;f;f,f‘, _ m | m /s m3ls/m x 10~

Mar 9 058 1520 2,28 102 2.88 1,010

'060 ‘- 1557 2,02 68,4 2.41 1,940
062 1620 1.92 57,4 2.18 1,480
064 . 1639 1.85 50,4 1.84 1,620

066 1648 1.79 bh,T ¢ 136 1,250
088 1715 170 36.9° .01, 7,480

Mar 18 070 1504 2.78
072 1515 2,52
074 1613 2,10
076 1628 2.03
078 1713 1.88

080 1726 1.87
082 1751 1.80

14.08 1,060
.5.21 1,880
3,96 (2,040
2,93 922

Mar 19 084 1948 1
086 1957 1

088 2029 1

090 2043 1.
1

1

1

Mar 22 092 1440
094 1450
096 1526

Mar 29 098 2175

1

1.4 L.
1.7 2
100 2125 1.6 1

29.1

s



TABLE H-4

SUSPENDED SEDIMENT DISCHARGED DURING STORMS

-Peak discharge, m3/a

Peak measured suspended
sediment concentration,

ng/1

Volume of gater dis-
n

charged,

Amount of suspended
sediment transport,
nmetric tons

Sugpended sediment
transport rate,
tons/106 m3

Maximum statior
rainfall, mm

18-2-76

Hydrograph of
23-2-76

18-3-76-

22-3-76

-1

124,200

460,00

97,600

16,000

50 -

B

105 358

;}5;Q°Qit

/980,000, " 3,300,000°

11,500

12,000 23,000

106 . IR

2,000

176,000

.56

32,600°

350,000 -

28
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TABLE H-5

BED MATERTAL GRADATION :
JRAGUNG DAM AT BORANGAN BRIDGE

Percent finer by weightthanthissize (m)

Date 0.8 38.1 25.4 19:0 127 4.76 2.00 0.84 0.42 0.18 0.125 0.74

21 Apr 100 92 79 68
5 May 100 92 79 69
- 27 May 100 9% 78 68
21 Jun 100 8 .73 6 s
11 Jul ‘00 93 81 73 el
1 Aug 100 91 77 . 9.
19: 99 8 71 62 52
9% - 93 80 - 71 6

S
o

NN N R NG M

[
o

‘Composite  100.. 91 78 - 69 57 ' 3¢

o
[+ ]
Q
v

 Standard-deviation 07 2:9 7 V3.7 410 C5el S 45T 2ugi 1.7 0.9
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TABLE H-6

UNIT DISCHARGE MEASUREMENT SUMMARY
AT CENTERLINE OF THE JRAGUNG RIVER -
AT THE BORANGAN BRIDGE

Date: “Hour Measurement Gage Height  Depth Observatiqﬁ“ 'Yéloéif§j{:::UnithiScharge
m_ m m s = SR ->m3/s/m -

. Record’starts ‘Nov 9, 1977
’ 0,24 .
0.28'
0.23"
0.23°
?Q;21'
.0.90
0.50
0,37
~.0.36..
. 0.36°
©0.32
0.50°
0T
0.5
0.2

0.096
0.112
0.092-
16;059 :
0.021
'1.35
0.500

0.259
0.216

0.060

0.216
0.128

0.500
0.447
0.360
1 0.336

“Novi'g

Nov 10
Névliif
Nov 12
Nov}lé}
Nov 17
Nov 20

.00 N O FLow N

Nov 22
Nov 26

TR RE
o

ST
Al

Nov 29

R T
0w
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TABLE H-6 (CONTINUED).

UNIT DISCHARGE MEASUREMENT SUMMARY
AT CENTERLINE OF THE JRAGUNG RIVER
AT THE BORANGAN BRIDGE

fiﬁéfééi “Hour Measurement Gage Height Depth ObsérVatioh: %Yéiqcity'. Unit Discharge
T Ho. Depth e
m m N ST omfs m3/s/m

‘Nov 30. 1755 17 0.92 0.20 70,00 10.30 0.060
.Dec-'1 1300 18 1.06 0.37 ©0.15 0i70" 0.259
1330 19 1.22 0.60 0.24 - 1.20 0.720
1500 20 ~1.18 0.54 . .. 0.21 +1,00- 0.540
11607 21 1.07 0.40 0.16 0470 - 0.280
1700 22 1.04 0.35 0.13 0. 0.245
11805 23 -1.00 - . 0,27 0.10. . 0.162
44815° 24 0.95 0.22 - 0.00 0.066
1445° “25¢ 1,50 11,02 0.20- 1.99
Foey : S - ' 0.80 .

-1.50- . 1.0 - 0.20 : o
1 0.80 - 1,70 -

0.32°" 1.80 1.46
-0.317> -1.60 1.25
10.29:% '1.50 1.10
‘e, 0,13 ©1.30 0.572
SR S £ 1,20 0.540
~:0,00 . . 0.60 0.120
0,39 +2,10 - 2.02
04,37 12,10 1.91
0.24 1,50 0.500
©1.10 0.495

2.16

‘267

11630,
1735
11910,
Dec -3 1600:
Dec 4 1600
1635 33
1700 L34
1815 35
2020

. [ [ ] .

NWUROO BN WWW:

oRr o nE O®R

coocoo 00 000

MHEPpRe R RRpR
S8Fha wo Som: .
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TABLE H-6 (CONTINUED)

UNIT DISCHARGE MEASUREMENT SUMMARY
AT CENTERLINE OF THE JRAGUNG RIVER
AT THE BORANGAN ERIDGE

{paféﬁ ;Bdgr Measurement Gage Height Depth

?/;?ﬁﬁifibis¢hérge
No. e o

s

- 0.128
0.210
0.323
0.391
1.33
1.14
0.826
0.663

0.138
0.700
1.07

0.832
0.735
0.700

0.060

0.676
0.260

0,7u2

0.611

0.u95 -

0,315
- 0.272

71530 37 0.98
#1720
~1745°
71840
11900
1955
+2030 -
2137
Dec 7. 1510

-1800-

-1818.

11850 -

11930

12130
Dec 8 1740
Dec 14. 1405
1500 -

Dec 16 1415
1500 -
1550
1700
810
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TABLE H-6 (CONTINUED)

UNIT DISCHARGE MEASUREMENT SUMMARY
AT CENTERLINE OF THE JRAGUNG RIVER ‘
AT TEE BORANGAN BRIDGE

ﬂﬁaféf éﬁsur Measurement Gage Height Depth Observation :Véi@éitix,f,ﬂnit Discharge
No. Depth . PR IS

m o _m mo mfs _ __ m¥s/m

‘Dec 22 1535 59 1.11 0.32 0.12 0.90 0.288
©1515 60 1.34 0.67 0.27 1,80 1.20
1632 61 1.32° 0.68 0.27 11.80 1,23
. ams 62 1.23 0.50 10.20 1m0 0.700
Dec 23° 0800 - 63 1.02 0.27 $0.07 0.60 0.162
Dec 24 0725 64 1.01 0,24 0.04 0.50 0.120
15257 65 1.05. 0.31 0.12 - 0.75 0.233
1585 66 1,20 0,49 0.19 1.60 0.784
11600 - 67 1.30° 10.67 0.26 1.85 1.24
1615 ~68. 1,31 0.85 0.26- 1.80 1.17
1730 - 89 S1:19. 0.1l 0,17 1,45 0.638
Dec 25° 0700 70, 0.99° 0.27 - 70.10° 0.60 10,162
Dec 28 2045 71 1,27 - 0.58 - 0.2 2,20 1.28
2112 72 ©1.25° £0.61° 0.2 -1.60 0.976
2130 273" .28 70,68 0.27° “1.70 1.16
2210 ST 0,51 0.20 1,30 0.663
2320 w75 -1.11° 0,83 0.13. -1.00° . 0.330
Dec 29 1750 “76- 1.15° 0:39 1 0.16 1.00 0.390
1830 77 1010 0.33 1 0.13 10.90 0.297
Dec 30 1910 78. 11.90° -1:33 8.63 “3.15 %.19
1350 79 11,77 1,23 - 0.61 ~3.00 3.69
2130 80 1.70 1,16 0.57 2,08 2,42
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TABLE H~6 (CONTINUED)

UNIT DISCHARGE MEASUREMENT SUMMARY
AT CENTERLINE CF THE JRAGUNG RIVER
AT THE BORANGAN ERIDGE

wwiUﬁiﬁ'Discharge

Qpétgf - Hour Measurement Gsage Height Depth Observation ;Vélécitﬁz
SRR Xo. Depth - SN
m m m

. m3/s/m
0,224

0.121
0.105

0.231
0.405
- 0,539

0.138
0.100

0.113
2.30

Jan 5 1910 81
‘Jan 6 0810 82
| 1540, 83
Jan 7 0710 84
| 1545 85
1605 86

Jan 8 0605 87
1600 88
Jan 8- 0610 o::
1530 90"

0.12
0.8
£ 0.18;
0.2
©.0.17 .
liO;Oﬁ;; I
/0,00 o

ou.

1545 o1 ~0.57- 2.09

. el e et
GO E WU 0 AT WO U N

1615 192°
1805 93
2200 ou:
Jan 10 0605 g5
16u5 196"
Jan 11 0920 97.
1805 ‘98.

Jan 12 0755 89"
1710 100

1.92
1.57
0.960

0.30u
0.196

0.074
0.104

0.116
0.095

(=N« NN, N

cet ®

'y

.
N W IO
oM B OO
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TABLE H~6 (CONTINUED)

UNIT DISCHARGE MEASUREMENT SUMMARY
AT CENTERLINE OF THE. JRAGUNG RIVER
AT THE BORANGAN BRIDGE

Date Hour Measurement Gage Height Depth Observation »’-V‘e‘loc:vi.ty Unit Discharge
ST No. Depth _

m m mo. c_.m/s n3/s/m

. 0610 101 1.03 0.25 0.08 '0.60 0.15
1320 102 1.25 0.55 0.22 ©1.70 0.935
1400 103 1.26 0.54 0.21 -1:70 0.918

L Jan:14 . 10620 104 1.09 0.35 0.14 0,80 0.280
ST L1610 105 1.03 0.27 0.07 0,65 0.176
1815 106 1.23 0.60 0.24 1.50 0.900

1835 107 1.30 0.65 - . 0.26 71,60 1.04

2010 108 1.23 0.59 0.21 1.40 0.826

Jan 15 0610 109 1.09 0.39 0.13. :0.85 0.332
1810 110 1.00 0.22 0.08 0.60 0.132

1845 111 1.15 0.45 0.18 '1.10 0.495

Jan 16  .0635" 412 0.99 0.27 0.0 -0.45 0.122
1800 113 0.89 0.35 .2.30 2.05

1825 Faag '0.87 0.34 1.80 1.57

Jan 17 0600 - 118 10,21 ' 0.08 0.60 0.126
1729° 1187 0.18 0.08 - 0.40 0.072

Jan'1s 0745 117 0.13 0.00 0.40 .0.052
1518 118" 0.4 0.29 1.90 1.41

1535 119 0.95. 10.38 2.05 1.95

1555 - 120 1.22 0.60° 2,68 ©3.27

1625 1210 1.03 0.51" 2.20 2.27

1855 - 122 0.78 10,31 1,85 1.4y
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TABLE H~6 (CONTINUED)

UNIT DISCHARGE MEASUREMENT SUMMARY -
AT CENTERLINE OF THE JRAGUNG RIVER
AT THE BORANGAN BRIDGE

Measurement ~ Gage Height Depth Observation: Vélébity "Unit Discharge
No. Depth -~ . RN
m m Com oo . mls m3/s/m

1.0:83"

Jan 20: 1715 . 123
1735 124
1755 125
1900 126
2015 127
. Jan 21 - 0540 128
S 18107 ~129.
~Jan.22 - 0610 . 130~
- 3805, w131
Jan 23 . 0820 . 132
T ams 133-
i '..1'31'_;:

. .
OM.'ORr HNNNW
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ONN®ON OWw O VOV WO
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e
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TABLE H-6 (CONTINUED)

UNIT DISCHARGE MEASUREMENT SUMMARY
AT CENTERLINE OF THE JRAGUNG RIVER -
AT THE BORANGAN BRIDGE

i pate. - chr Keasurement Gage Height Depth Observation Velocity Unit Diséharge
sl : No. Depth
S ( w m m w/s m3/s/m
Jan 27 0800 144 1.20 0.6 0.18 0.50 0.368
1800 148 i.13 0.38 0.15 .0.85 0.323
Jan 28 0800 146 - 1.07 0.34 0.13 - 0.65 0.221
1800 147 1.05 0.30 0.12. ~ 0.65 0.195
Jan 28  070C 148 1.03 0.27 0.10. 0.60 0.162
R 1805 1u9. 1.01 0.22 0,08 .0.45 0.09¢9
Jan 30 0640 150. 0.99 0.20 0.08 0.5S 0,090
1610 151 . 0.99 0.12- 0.08 0.45 0.054
Jan 31 0910 152. 1,16 0.45 0.18 0.80 0.360
1955 153 ~1.02" 0.29 0.12 0.5¢ 0.145
Feb 1 0210 15k 1.00 0.28 0.11 0.45 0.126
1725 485 1.60 1.11 0.22 2.00 2.11
R 0.88 1.80
1750 156:. . 2:10 1.68 0.33 2.60 - 4,20
N : 1.34 2.40
1840 1.4 1.50 0.30 2.40 3.30
ke 1.20 2.00
Feb 11 1720 158" - 1,00 0.30 0.12 1.00 0.390
Feb 12 0630 159 1.03 0.3% 0.13 ©.80 0.272
1800 160" 1.06° 0.36 0.14 0.80 0.288
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TABLE H-6 (CONTINUED)

UNIT DISCHARGE MEASUREMENT SUMMARY
AT CENTERLINE OF THE JRAGUNG RIVER
AT THE BORANGAN BRIDGE

, rDéféx , Hour. Measurement Gage Height Depth Observation
SO No. Depth
: m m m
Feb:13;  0815. 161 1.08 0.44 0.17
o 1800: 162. 1.01 0.31 0.12
Feb:14. 0815 163" 0.98 0.30° 0.12:
‘Feb:15:  1635: 164- 1.67 1.18 0.23:
- - - 094
1650 165: 1.75 1.26 0:25°
| ; 1100
1708: 166: 1.85 . 1.39: '0:27:
1,11
1800 167: 1.80 1,27 0.25:
- . 1.02"
2100 1.u4 0.84. 0:3u:
Feb 16 0800 1.13 0.38 0.15
1740 1.03 © 0.28 0.11:
Feb 17 0730 1.08 0.32 0.13
1800 1.16 0.41 0:16
Feb 21 0835 1.25 0.59 0.23°
1400 1.34. 0.69. 0.30
1435 1.79 1.30 0.28
| 1.10
1535 1,85 1.17 0.95
0.23

Velocity  Unit Discharge

m/s n3/s/m
0.80 0.352
0.50 0.155
0.50 0.150
3.25 3.22
2.20

2.75 2.99
2.00

3.00 3.48
2.00

2.75 3.21
2.30

1.90 1.60
1.05 0.399
0.75 0.210
0.75 0.2u0
1.15 0.472
0.90 0.531
1.55 1.07
3.00 3.58
2.50

2.10 2.84

2,75
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fDéfé;fA

" Hour,

Feb 22

Feb 23

Feb 24

Feb 25

1630
1905

2120°

0830
1630

1705

1720:

17257

2010°

0800

1855

0610
1750

0610

TA3LE B-6 (CONTINUED)

UNIT DISCHARGE MEASUREMENT SUMMARY:
AT CENTERLINE OF THE JRAGUNG RIVER
AT THE BORANGAN BRIDGE

Heasurement Gage Height Depth Observation

Ne. Depth

m m m.

177 2.02 1.61 1.29
0.32.

178- 1.82 1,28 1.02.
M 0.26

179- 1.60 0,90 0.36
180 1.24. 0.57; 0,23
181¢ .81 1.03: 0.22
, ‘ , 0.82 -
182: 2.60: -2.01: 0.40
- o N 1.61.
1832 ~2%75: 2:15: 0.43
= R B 0:72
23200 -1,685: -0¢33:

’ffff‘ . L?f 1;“05

1480 1083 0421

S U 0186
1230 061 0i24

“ALis: 043 0347

1,12 - . 0:39; 0315

©1.08: ~ 0133: 10313

-1,05: 035 .

0i1m

Velocity Unit Discharge
n/s r3/s/m
2.25 4,31
3.10
1.00 2.2u
2.50
2.10 1.89
1.30 0.741
2.80 2.47
2.00
3.80 7.24
3.“0
3.u40 6.88
3‘00
3.10 4,37
2.20
2.7% 2.u43
1.75
0.60 0.366
0.80 0.3u4
0.70 0.273
0.60 0.198
0.60 0.210
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TABLE H-6: (CONTINUED)

UNIT DISCHARGE MEASUREMENT SUMMARY:
AT CENTERLINE OF THE JRAGUNG RIVER
AT THE BORANGAN BRIDGE

':bgtgsf: Hour Measurement Gage Height Depth Observation. Velocity Unit Discharge
o No.. Depth :
— _ m m. R m/s m3/s/m
Feb; 260 - 1400; 191 1.27 0.53: 0.21 ' 0.90 0.477
‘ 1500 192 1.45 0.40: 10.16 0.80 0.320
Feb: 27 0710 193 1.10: 0.33 L 0uE 0.60 0.198
1610 194: 1.06 0..32: 0312 0.65 0.208
Feb 28  0830: 195 1.04 0:33 - 0:12 0.60 0.198
1404 196 1,40 0.63: - 0.25 1.45 c.914
1500: 197 1.28 0.60: 0u2h 1.20 0.720
1913 198; 1.12 0..30; 0412 0.90 0.27
Mar 1 0715 199 1..05. 0.33" 0.60 0.198
1817 '200; 1.0% 0527 0.60 0.162
Mar 2 0730 .201 1..04: ' 0.25.. 0.60 0.150
1700° 202 - 1.0 0325 0.60 0.150
Mar 3 0605 203 . 1.03 022 0.60 0.132
1530 204 - 103 0422 0.60 0.132
Mar & 0600 1315 0T 0.80 0.376
1415 . 1,25 0.80 0.448
1430 131 0.90 0.540
1550 146 0.90 0.612
1605 Tob 0.80 0.536
Mar 9 1755 - 0.98 0.40 0.092
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Date:

Hour

oz 30

Mar 18

Mar 19

Mar 20
Mar 21

Mar 22

0600

1640

2030

- 2105
Mar 1t

0600

1800

- 2130-
TR 2290
©2300°.
0805
1780

17355

0555 -
1750

0548
0820

0920
1025
1100
1740

Measurement
No.

211
212
213
214
215
216
217
218
219
- 220
w22L

oz
Lo
;;ééé;t
227
229 -
£230 -

TABLE H-6 (CONTINUED)

UNIT DISCHARGE MEASUREMENT SUMMARY .
AT CENTERLINE OF THE JRAGUNG RIVER
AT THE BORANGAN BRIDGE

Gage Height

Depth

Observation
Depth =
m:o

0.13
0.08
20.24 .
022
- 0.13
0.11
1 0.22
0.22
0.13°
0.10 .

© 0.26

.08
0.10

0.2u4
0.95
0.22
0.87
0.28
0.28
0.24
0.24

' Velocity Unit Discharge

m/s m3/s/m
0.80 0.264
0.60 0.168
1.50 0.900
1.30 0.715
0.290 0.306
0.70 0.203
1.80 1.08
1.60 0.880
1.50 0.795
0.90 0.306
0.40 0.092
1.20 0.552
0.65 0.182
0.60 0.180
3.30 3.30
2.25

2.00C 2.07
1.80

2.00 1.38
1.70 1.16
1.60 0.9un
1.30 0.663
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 Mar23

‘Mar 24

Mar 25
Apr 3
Apr 4
Apr 5

Apr 7
Apr 12

Hour Measurement

) No.
0820 231
.1735 232

0300 233

1645 234

1005 235

1545 236

1830 237
2050 238

2310 - . 239 -

2345 -

0230 . 2L

0600 -

1780

0545

1830 24

0700 . - -2
4440

1515

TABLE H-6 (CONTINUED)

UNIT DISCHARGE MEASUREMENT SUMMARY

AT CENTERLINE OF THE JRAGUNG RIVER

AT THE BORANGAN BRIDGE

Gage Height Depth Observation
Depth
m m - M
1.24 0.43 - 0.17
1.10 0.35 0,14
1.09 0.30° 10,12
1.10 0.30 - 0.13
1.01 0.28  0.11
1.00 0.25 = 0.05
1.08 0.36 0.13
1.08‘ 0. 37 ’ 0. 1"’
1.08. 0.38 0.14
1.23 0.45 0.18
L 1.17 0.40 0.16
21,13 0.43 - 0.17 -
.03, 0.30 0.12
.99 0.26 .  0.12
11 ' 0.3y 0.13
: 10,30 0.12 .
; 0 1.36 0.54
2.00 - 71,46 - 0.30
R . 1.16

’;Yéldbity' ~ Unit Discharge

i m/fs n°/s/m
‘1.00" 0.430
0,90 ° 0.315
0.80" 0.240
~ 0.80 0.240
'0.50 - 0.140
0.50 0.125
1.00 0.360
1.00 0.370
1.00 0.380
1.20 0.540
1.15 0.460
1.10 0.473
0.40 0.120
'0.36 0.094
" 0.82 0.279
0.40 0.120
2.70 3.67
2.80 3.50
2.00
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TABLE H-6 (CONTINUED)

UNIT DISCHARGE MEASUREMENT SUMMARY
AT CENTERLINE OF THE JRAGUNG RIVER
AT THE BORANGAN BRIDGE

?ﬁate Hour Measurement Gage Height Depth Observation ’Veioéity - Unit Discharge
: : No. Depth e - L 3
m m m. . ooomfs m /s/m

. 0.16. 1.00 0.370
70.10° 0.50 0.125
10,08 0.40 0.084
0.4 1.00 0.360
0:16 1.05 0.441

8 ‘0,18 1.20 0.576"
i 0:16, © 0,45 0.108
Pl . 0.41 0.086

0535 266 1.11 0
1700 267 1.02 -0

“Apr-16; . 268 0.98
“Apr 22 #0130 269 1.10 ° 0.3
| ‘ 270 1.20 0.4
271 1.26 - 0.4
0.2

a2 1,007

‘Record ‘ends :Apr 30,1978-
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TARLE H-6 (CONTINUED)

UNIT DISCHARGE MEASUREMENT SUMMARY
AT CENTERLINE CF THE JRAGUNG RIVER
AT THE BORANGAN BRIDGE

Measurement Gage Height Depth Observation VElocify' Unit Discharge
No. Depth _ 3
m m m - m/s m-/s/m

3.45

249 ‘ 2.10 1.57 0.31
' . 1.24

250 1.70 1.10- - - 0.22
T o.88

0.29,

2.09

1.40 » 0.73 .
1.37 0.69° - - '0.27 -
1,12 S 0.40.  0.16
1.05 . 0.3% .. 10.13
1.26. 0.4%7 ~ . 1019
1.68 = 1.15 © .0.23
’ ) e 10,92
1.30 0.51 . 0.2u -
1.06  0.3% - 0.13
- 1,037 0.25 ~ “0.05
2,10 1,50 - ..-0.30.
;'{>~,;‘  T ‘ :g‘ i”f 1.29 :
L 2,18 S 1058 7 -0.31 )
I IR [ ;  ?1,21 
21.82 1,210 s 028
st 0497
T1.33. 0.7 0.28
1,30 = . 0.59 - 0.23

1.13
1.10

0.380
0.272
0.588
1.16
2.21

Apr 13 09u0

0.663

0.272
0.125
u.sg

Apr 14 0735

OO NNNUND WNEDODNDODW AN OO
OO ULMULUUVOOO ODCoNNULMUNOoWL OCLMWOOOO

5.06

2-70

1.07
0.856

R EBEBNNONWOD RRNRKROO BB RPN N
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TABLE H-6 (CONTINUED)

UNIT DISCHARGE MEASUREMENT SUMMARY

AT CENTERLINE OF THE JRAGUNG RIVER . .

AT THE BORANGAN BRIDGE

et

-7_',0.-_ 10

Hour Measurement Gage Height Depth Observation Veloc:.ty Unit Discharge
No. Depth L e . 5
m m m oo mfs o o /s/m
Oct 3, 1978 L '
1630 1 0.92 0.20 10.08 0.090
1638 2 0.94 0.25 1 0.10 ©0.113
1814 3 1.02 0.32 0.12° - 0.224
1920 4 1.90 1.30. 0.26 3.98
_ : 1,04 S
1945 5 2.00 1.35 0.27 4.19
L 1.08
2030 6 2.00 1.35 0.27 3.92
p | 1.08 |
2130 7 1.80 1.15 0.23 3.22
) e ' ’ o. 92
e 8 1.63 1.00 0.40 2.70
"ot b E 1.22 0.35 0.14 0.420
" Oct 5 0800 - 0.94 0.20 0.08 0.080
- 1800 0.90 0.20 0.08 0.070
Oct 6  O545 0.90 0.20 ' 0.08 0.070
Oct 16 1930 0.92 0.20 0.08 - 0.100
Oct 13 0555 0.93 0,21 . 0.08 0.084
Oct 20 1750 0.93 020 0.08" 0.070
Oct 21 0600 .95 0.25  0.10 0.113
1700 0.94 0.24 - 0.096



TABLE H-6 (CONTINUED)

UNIT DISCHARGE MEASUREMENT SUMMARY .
AT CENTERLINE OF THE JRAGUNG RIVER
AT THE BORANGAN BRIDGE

Date Hour Measurement Gage Height Depth Observation Vélocity - Unit Discharge
S No. Depth ‘ _ 3
m m m _ m/s . m"/s/m
0600 19 1.02 0.39 0.15 ©0.u5 0.176
o7 1630 20 0.98 0.33 0.13 0.40 0.132
-0ct-23 0730 21 0.91 0.20 . 0.08 . 0.30 0.060
10ct'27 . 0530 22 0.92 0.22 - .0.08 0.30. 0.066
SHL . 16850 23 0.92 : o 0.08 0.30 0.060
‘O0ct'31 1730 24 1.00. E ' 2.40 0.768
11800 25 1.50 2.70 1.92
1845 26 1.80 1 3.00 2.88
915 27 : 1.90 2.85 3.1
1935 28 2,00 '~ 3.00 3.60
2000  29. '1.80 2.65 2.92
2100 300 175 . 2.75 2.53
2215 . 31 - 1,85 . . 0,66 2.10 1.39
. 2300. - .32 - 146 . . .0.56 1.70 0.952
‘Nov1 0600  ©-33 o la2 - 1.05 0.294
© 1658 . o3 . . 0.98 . 0.40 0.084
Nov2 0800 38 .  1.02 | 0.45 0.158
1830 - 3 0.9 0.40 0.080
Novs 0535 . . 370 . 0.9 0.40 0.080



TABLE H-6 (CON‘I‘INI}ED)

UNIT DISCHARGE MEASUREMENT SUMMARY
AT CENTERLINE OF THE JRAGUNG RIVER
AT THE BORANGAN BRIDGE

- Date Hour Measurement Gage Height Depth Observation Velocity Unit Discharge

. No. Depth 3
o m m m . - ‘m/s m /s/m

“Nov5 1750 38 1.22 0.33 - 0.13 140 0.462
o 1830 39 1.16 0.26 0.09 . 1.00 C.240
2000 40 1.08 | 0.85 0.204

0500 41 0.97 0.70 0.140

0525 42 © 1.0% 0.80 0.22y

1700 43 1.35 3,25 2.73

1721 Y 1.60 2.20 1.87

1734 45 1.70 2.15 2.30

1855 6 1.45 2,60 1.90

-+ 2000 - 47 1.35 1.60 1.10

. 2125 48 1.25 1.30 0.780

© 0101 49 © 115 10.90 0.360

0515 . . .50 1407 . 0.80 - 0.280

1545 . 51 < 0.89 0.60 0.120

1600 52 0.98 0.60 0.120
1325 .. 53 2.05 1.00 0.260

1355 °  S4. - ° . 1,30 1.8 1.17

10 . oS5 1.45 2.4 1.87
mw2s 860 1.18 © 1.4 0.630

1555 BT 1.52 2.4 1.9

1608 . .58 . ~ 1.60 2.4 2.11

1.7 1.36

1710 . -59. 1,50
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TABLE H-6 (CONTINUED)

UNIT DISCHARGE MEASUREMENT SUMMARY
AT CENTERLINE OF THE JRAGUNG RIVER
AT THE BORANGAN BRIDGE

‘_;‘?Daﬁ;e Hour Measurement Gage Height Depth Observation 'Veldéity . Unit Discharge

No. Depth . : 3
m m ‘ m m/s - m /s/m

1825 60 1.38 0.73 0.29 1.55 1.13
1930 61 1.32 0.63 0.25 1.3 0.851

:Dec3 0030 63 1.17 0.41 0.08 “1.00 0.410
C 0330 64 1.10 0.38 0.16 -~ 1.00 0.380
0530 65 1.07 0.33 0.13 . 0.85  0.281

0940 66 1.03 0.30 0.12 . .0.85 0.255

-1305 67 1.00 0.26 0.10 0.60 0.156

1515 68 1.37 0.72 0.28 - 1.0 1.01

“1530 69 1.45 0.80 0.32 . 2.20 1.76

-1602: 70 1.45. 0.79 0.31 -~ 1.80 1.42

-1709 . 71 1.40 0.59 10,23 - 1.80 . 1.06

~1800 " 72 1.31 0.70 0.28 - 1.45 1.02

1910 - 1.27 0.60 0.24 1.40 0.84

2015 S 1.21 0.u5 0.18 1.25 0.56

~2300 - R 6 1 0.0 - 0.16 1.00 0.400

Dec 4 0230 112 0.37 0.14 1.00 0.370
s "0530 - 1.04 0.29 0.11 0.80 0.232
0845 - . 1.03 0.27 0.10 0.65 0.176

1430 £ 1,08 0.28 0.11 0.70 0.196

1500 1,07 0.33 0.13 0.90 0.297
1530 “1.10 0.37 0.15 1.00 0.370
1630 1.06- 0.32 0.13 - 0.95 0.304
1730 0.27 -.0.10 0.65 €.176

1.02 .
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TABLE H-6 (CONTINUED)

UNIT DISCHARGE MEASUREMENT SUMMARY
AT CENTERLINE OF THE JRAGUNG RIVER
AT THE BORANGAN BRIDGE

A " Date Hour Measurement Gage Height Depth Observation Veiocity' Unit Discharge

Rc. Depth 3
m m m m/s: m /s/m
2150 8u 1.05 ° 0.32 0.13: 0.95 0.304
2300 85 1.04 0.31 0.13 0.95 0.295
_ Dec: 6 0010 86 1.03 0.30 0.12 0.85 0.255
e 0100 87 1.02 0.28 0.11 0.70 0.196
0200 88 1.02 0.28 0.11 0.65 0.182
0630: 89 0.98 0.24 0.10 0.65 0.156
1725 90 0..95 0.22 0.08 0.80 0.176
' - Dee- ¥ 0155 91 1.04 0.35 0.14 1.00 0.350
0500 93: .14 0.44 0.13 1.25 0.550
10630 oy 1.13 0.43 0.17 1.20 0.516
16000 gs: 1.03: 0.43 0.17 1.10 0.473
~Dec..8i .~ 0500 96; 0..99: 0.23 0.0% 0.65 0.150
17308 - a7 0..96 0.20 0.01 0.60 0.120
1925: 98 1.02 0.27 0.10 0.85 0.230
120220 0 99y 1.24 0.49 0.19 1.60 0.78u
-21300 100 1.25 0.49 0.20 1.30 0.637
L. - 22000 10% 1.22 0.u2 0.16 1.25 0.525
Dec: 9 70003 - 102 1.20 0.40 0.16 1.20 0.480
01000 - 103 T 1.18 "0..39 0.16 1.20 0.468
oulS: B (o] E 1.13 0.36 0.15 1.10 0.396
07000 - 105 . . X.08 0.35 0.14 0.75 0.263
0948 106 - 1.05 0.34. 0.13 0.75 0.255
1305 S 107 - L02 0.28 - 0.12 0.80 0.224
1600 - 108: 1.00 0.26 0.10 0.60 0.156
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TABLE H-6 (CONTINUED)

UNIT DISCHARGE MEASUREMENT SUMMARY

AT CENTERLINE OF THE JRAGUNG RIVER

AT THE BORANGAN BRIDGE

- Date Hour Measurement Gage Height Depth Observation Velocity Unit Discharge
o No. Depth 3
m m m m/s m /s/m

‘Dec 10 0700 109 0.99 0.25 ¢.10 0.55 . 0.138
O 1755 110 0.96 0,21 0.08 . 0.50 ° 0.105
‘Dec 11 1820 i1l 1.30 0.65 0.26 - - 1.70 1.11
S 1832 112 1.37 0.74, 10.29 .t 72,000 1.48
1841 113 1.45 . .04 B 0.33: 0 .. 7 2,05 1.72

1305 i1y L.uy ~0.73: 0.28 122,75 2.01

2000 115 1.35 - 0.67: 0.26 . © 14500 1.01

2120 116 - 1.35 0.67. 0:26. . . 145 0.972

o 2240 117 1.30° . -0.62 70.25 . o135 0.837
‘Dec 12 0100 118 ‘1,257 - 000,52 10.20-% . 1,30 0.5676
- 0405 119 -.1.16 0.43 10,17 - . 1.25 0.538

- 0700 120 1.13. - 0.32: 0.13 1.00 0.320

11000 121 1.00 . 0,33 0.13 0.90 0.297

1305 122 1.05 70,29 0.11 0.80 0.232

1610 123 1.02 0.27° 0.10 0.80 0.216

1626 124 -1.08 1 0.36° 0.14 0.85 0.342

; 1739 125 1.02 1 0.29. 0.11 0.80 0.232
Dec 13 . 1715 -126 1.27 087" 0.23 1.50 0.855
- 1745 127 1.24 04 0.20 1.40 0.700

2030 128 . L0 i 170, 0.15 1.00 0.370
Dec 14 = Q645 201290 T L.08 04 0.11 0.80 0.224
E 1745 1307 .. - " 0.98 02 0.09. 0.50 0.115
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TRELE H-6(CONTINUED) - --

UNIT DISCHARGE MEASUREMERT SUMMARY
AT CENTERLINE OF THE JRAGUNG RIVER
AT THE BORANGAN BRIDGE

- Date:-  Hour  Measurement .  Gage Height Depth Observation Velocity Urit Discharge -
- “No: | - o Depth =~ g -
Ry “nm S ..m m mis: - i /sfé ..
Dec 15 0030 131 1,26 0.5% 0.20 140 0.71%
0122 132 1.15 QL U5y 0.18 1.20 0.5&0
0250 133 1.1 . - 0.15 1.00 0.270.
0405 134 1.05 - 0.30 0.12 0.85 0.235
0740 135, 1.01 0,26 7 0.8 0.80- 0.2c8
1800 136 0.96. 0.21 0.08 0.70 0.147
Dec 16 0601 137~ 0.97.. 0.22 ¢.08 0.65 0.1%:3
1730 138, 0.98. 0.23 0.09 0.65 0.150
2342 139 1.12 0.38 0.15 1.00 0.380
Dec 17 0100 140, 1.09 .37 0.14 0.95 0.352
0220 1u1 1.08- 0.35 0.1% 0.95 0.333
0530 142 1.05 0.32 0.12 0.90 0.288
1745 143: 1.00 0.26 0.10 0.60 C.156
Dec 21 2015 144, 1.00 0.27 0.12 0.50 0.135
Dec 22 0600 145. 0.99 0.27 0.12 0.50 0.135
1605 146 1.15 0.46 0.18 1.20 0.552
1620 w7 1.18 0.51 0.20 1.30 0.663
1800 148 1.34. 0.65 0.25 1.80 1.17
1815 149 1.45 c.81 0.32 2.20 1.78
1838 150 1.50 0.84 0.33 2.00 1.68
1927 151 1.48 0.77 0.31 1.75 1.35
2055 152 1.38 0.68 0.27 1.70 1.16
2200 153 1.34 0.62 0.24 1.65 1,02

2304 154 1.30 0.59 0.23 1.65 0.974
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TABLE H-6 (CONTINUED)

UNIT DISCHARGE MEASUREMENT SUMMARY

AT CENTERLINE OF THZ JRAGUNG RIVER

AT THE BORANGAN BRIDGE

_}Dﬁfea Hour. Measurement Gage Height Depth Observation  Velocity Unit Discharge
o No. Depth 3/s/m
m m m m/8 o
»Deé 23. 0215 155 1.22 0.52. 0.20 1.55 0.8C6
0530 156. 1.15. 0.38 0.15 1.20 0.456
1100 157 1.09 0.34. 0.13 0.85 0.289
1415 158 1.06 0.31 0.12 '0.80 0.248
1530 159 1.50 0.88: 0.35 1.90 1.67
1540 160 1.54- 0.8% 0.34. 1.85 1.59
1547 161 1.80 1.00: 0.20 1.95 1.95
0.80
1600 162 1.70 1.14%. 0.22 2.30 2.62
0.88
1620. 163: 1.70 1.00: 0.20 C.90 0.800
1738 i64: 1.42: " 0.68: 0.27 1.75 1.18
1950 165: 1.26: 0.57 0.19 1.30 0.741
2155 166: 1.18! o.u48. 0.19 1.20 0.576
Dec 24 0200 167 1.17 0.u6. 0.18 1.10 0.506
0530 '168: 1.13: 0.33: 0.12 1.10 0.363
0900 169: 1.10: 0.31 0.12 0.90 0.279
1600 170: - 1.06" 0.25 0.19 0.80 0.200
Dec 25 0605 171 .04 0.29. 0.12 0.80 0.232
1750 172: 1.02° 0.27 0.11 0.75 0.203
Dec 28 1440 . 173 1.20. 0.57 0.23 2.00 1.14
1412 174 .45 0.87 0.35 2.30 2.90
1420 1752 1,90: 1.49 0.30 3.02 4,50
: 1.20
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TABLE H-6 (CONTINUED)

UNIT DISCHARGT MEASUREMENT SUMMARY
AT CENTERLINE Or THL JRAGUNG RIVER
AT THE BORANGAN BRIDGE

Datez Hour Measurement Gage Height Depth Observation. Velocity Unit Discharge

No, Depth ‘ 3
i+ : m m Ly - m/s n /s/m
1438 176 2,15 2.12 0.42 3.13: 6.64
.70
1505 imr 2.18: 2.19: 0.43: 13325 712
Io 70.’
1622 178- 2,200 1.98¢ 0.37 2,97 . 5.88
1.58: o
1805. 179 1,88 X, 30: 0.26; : 2,50 3.25
' X.02: '
2000 180: 1,60 0.99: 0. 40 1.80: 1.78
2210 isy 1.45. 0.82: 0.33 1.75 1.44
Dec:29-. 0105 182: 1.30: 0,62 - Q.24 1.60 0.992
ou00 183: I.200 13- Y/ 0.22 1.50 0.855
0605 i8y. 1.18; 0.52 0.20 1.20 0.624
0911 1853 ' 1.17 0.50: 0.20 1.10 0.550
1400 186 1.10 0.38: 0.12 1.00 0.380
1700 187 1.35% 0.80 0.32 1.30 1.04
1713 188: 1.50° - 0VB3 0.33 1.50 1.25
1724 189: 1.54. 9.89: 0.39 2,00 . l.68
1735 190° 1.60 0..98: 0.39 2.20 2.16
1910 9% 1.68 1.05 0.21 . 2.20 2.31
E 0.84
1930 192: .79 1.03 0.20 2.10 2.16

_ 0.82
1950 193: a2 2,13 0.22 2.20 2.59
R R ' 0.50
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TABLE H- 6 (CONTINUED)

UNIT DISCHARGE MEASUREMENT SUMMARY:

AT CENTERLINE OF THE JRAGUNG RIVER

AT THE BORANGAN ERIDGE

‘Date: Hour Measurement: Gage Height Depth Observation. Velocity:  Unit Discharge
' No.. Depth: ‘ 3
m m. m. - m/8; . m /s/m
2115+ pi:1) 1.64% 1.09: 0.22 2.20: 2.40
0.87
2235 195: 1.51 0.99: 0. 40: 2.20: 2.18
233%° 196: l.us; 0..80; 0.36 1,90 1.71
Dec: 30 02y5: 197/ 1.34: 0.7 0.29 1.50 1.11
0518: 198: 1.27 0..60 0..2u: 1.20: 0.720
- 0820 199 1.19: .55 0.22 0.90 0.u48s
1315 200: 1.09; 0.48 0.19 0.80 0.384
1585: 201 1.05: 0.4u3 0.17 0.75 0.323
1900: 202" 1.02: 0.40) .16 0.70 0.280
1600. 2033 1.00: 0.33; 212 0.70 0.231
2100 204 X.1: . 0.50! 0.20" 0.95 0.475
Jan:1'79 0030 205: 1.20! »55 0.22 1.20 0.660
0315 206: 1.17 0.53: 0.21 1.00 0.530
Q700 207 X.12: 0.48 0.19 1.00 0.480
1105 208: 1.12: 047 0.18 1.00 0.470
1230 209! 1.30: 0.68 0.27 1.58 0.105
1330 210: 1.58 0..96: 0.38 2.00 1.92
1350 211, 1.48: 0.86 0.34% 1.80 1.55
1500 212: 1.28 0.61 0.24 1.20 0.732
1700 213 1.25: 0.5%7 0.20 1.25 0.656
2000 214 1.20 0.5%: 0.13 1.20 0.594
Jan 2 0000 215 1.20: 0.53: 0.12 1.10 0.583
0520 216: 1.18: ¢.19 0.90 0,432

0.48
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TABLE H-6 (CONTINUED)

UNIT DISCHARGE MEASUREMENT SUMMARY'
AT CENTERLINE OF THE JRAGUNG RIVER
AT THE BORANGAN BRIDGE

Dfafee Hour: Measuremant Gage Height Depth Observation V‘eioci’ty. Unit Dis charge

No.. Depth 3

m m m m/s. m /s/m

1620 217 1.08: 0.41 0.16 0.85 0.349

1940 218 ¥.65 1.03 0.20 2.30 2.37

0. 82

1950: 219; 1.64% 0.96: 0.38 2,20 2.11

2115 220 1.50: 0.88; 0.35 2.00 1.76

2230 221 1.38 0,69 0.27 1.90 1.31

Jan: 3° 0250 222 .24 V57 0.23 1.20 0.684
0535 223 1.20° 0.51 . 0.20 1.10 0.561

1125 224. 1,12 0Ll 0.13 1.00 0.440

1536 225: 1.15: 0.48: 0.14 1.10 0.528

Jan: 4. 0620 226 1.02 0135 0.14 0.90 0.315
1600 227 0.98: 0,33 0.13 0.80 0.264

2245 228: 1.15 0.50; 0.20 1.20 " 0.600
Jan. 5 0010 229; 1.15 0,49 0.20 1.10 0.539
0300 230; 1.12 0.46: 0.18 1.10 0.506

0520 231 . 1.10 0L Ly 0.18 1.10 0.484

1205 232 1.0 0.37" 0.15 .95 0.352

1900 233 C o 1.62 1.00: 0.20 2.25 2.25

: _ ‘ ‘ , 0.80

1955 234: .51 03.88; 0.35 2.10 1.85

2115 235 e - 1,08 2.22 2.80 3.02

2135 236; . 1L.700 - 1.05 0.21 2.30 2.42

: S 0.86 -

2245 237/ L5 086 0.34 2.00 1.72
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TABLE H-6 (CONTINUED)
UNIT DISCHARGE MEASUREMENT SUMMARY
AT CENTERLINE OF THE JRAGUNG RIVER
AT THE BORANGAN BRIDGE

Date: Hour  Measurement  Gage Height Depth  Observation  Velocity  Unit Discharge
. Nbl- Depth 3
. m m. m. .m/s m /s/m

Jan. 6 00u0: 238 1.40 0.89 0.35 1.60 1.42
o 0200: 238 - 1.34 0.71 0.28 - 1.55 1.10
0545 240 1.25 0.55 0.22 . 1.25 0.688

1100 241 1.12 043 0.17 1.00 0.430

1715 242 1.05 0.3 = 0.13 - © 0.95 0.342

1830 243 1.15 0.52 - 0.28 1.30 0.676

-Jan: 8 1843 2uy: 1.17 0.55 . - 0.22. .- 1.20 0.660
: 12030 245 1.I1L ~0.uE: 0:1g .~ - L.IS. . 0.552
< Jam @ 0130: 246 .o 0.42 S e.Te 0.294
C 0635 247 1.0L 0,39 - D 0.90 0.351
gue - 2ug 1.60 k03 - 2438 2.42

2045 - aug - 162 ©wes o 02L T 2,08 2.24

o255 250 . LS5S.  0.90 036 . 2.40 2.16
'Jan 10 0045 0 28f. I.u8 - 0.8 0.35 . 2.20 1.96

0460 252 . 1.34 0,77 0.30 - . '1.60 1.23
. 0730 . 7 253 1.27 © 0.5T 0.23 . 1.25 0.713
"10100 - o 2SW 1.21 0.56 222 1.25 0.700
1600 ., 255 1.12 0.45 0.22 1.05 0.473

Jan I 0626 ~ 256 @~ 1.02 0.3 @IS 0.85 0.323
| 1745 - 257 . 1.00 [ 0.35 - Q.14 0.80 0.280

7
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TABLE H-6 (CONTINUED)

UNIT DISCHARGE MEASUREMENT SUMMARY
AT CENTERLINE OF THE JRAGUNG RIVER
AT THE BORANGAK BRIDGE

Date Sour  Measurement = Gage Height  Depth  Observation  Velocity  Unit Discharge
No. Depth . :

e m m n} ' m/s msls/m
Jan. 12 2006 258 1.21 0.59 0.23 1.45 0.856
' 2020 259 1.27 0.62 0.2u - 1.50 0.930
2126 260 1.88 1.51 0.30 <. 2.67 4.03
1.20 R
2137 261 1.92 1.34 0.27 ©..8.25 4,36
- 1.07 - R :
2325 262 1.65 1.07 0.21 © 2405, 2.19
. 0.85 R
Jan 13 0130 - 263 1.u48 0.89 "0.36 ¢ . 1.90 " 1.70
. 0345 264 1.40 0.73 0.29 . - 71,85 A 1.13
0715 265 1.30 '0.55 0.22 1,50 0.825
1102 266 1.23 0.47 0.18 . 1.40 0.658
1602 . 267 1.13 0.37 0.14 ~ 1.30 0.481
2030 .268 1.36° - 0.69 0.28 - 1.65 1.14
2148 - 269 ‘1.55 - 0.92 0.36 - L 12,00 . 1.84
2205 - . 270 .-1.65: 1.02 0.20 2,22 2.26
I R B st 0.81 S o
‘2217 . 271 C 1,85 - 1.40 0.28 ©2.30 3.22
272 S 2.97 0 0.31 53.02 4,68
S2730 . -.-2.100 0 1.80 0.36 - 3.15 .- 5.97
Jan 1% 0010 274 2,05 i 1.73 0.34 3.22 5.57
‘ ' = ' 1.36
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TABLE H-6 (CONTINUED)

UNIT DISCHARGE MEASUREMENT SUMMARY
AT CENTERLINE OF THE JRAGUNG RIVER
AT THE BCRANGAN BRIDGE

Date Hour Measurement Gage Height Depth Observation Velocity Unit Discharge
No. Depth - 3
m m m m/s m /s/m

0130 27s- 1.89 1.33 0.26 2.47 3.29
1.04

0257 276 1.68 1.12 0.22 2.05 2.30
0.88

0615 277 i.45 0.85 - 0.3 1.75 1.u49

1130 278 - "1.28 0.57. 0.22 - 1.35 0.770

1305 279 1.55 0.89  0.35 2.00 1.78

1435 280 1.44 0.82  0.32 - 1.65 1.35

1543 281 1.38 0.74 .- 0,29 1.65 1.22

1920 282 1.37 0.72 -  0.28 1.65 1.18

2355 283 . L.27 0.65 0.26 1.30° 0.845

Jan 15 0300 284 1.22 0.60: 0.24 1.25 0.750
S 0601 285 1.20 0.58 0.23 1.20 0.696
1645 286 1.64% . 1.12  °  0.22 2.62 2.93
1653 © 287 - 1.89 - 1.83 0.36 - 3.40 6.22

X _ o . ‘ .46 -
. 1705 288 - L .2.15 CL.9L- . 0.38 - 7 3.80 7.26
C1800 v .o289 - T2 . 20580 G5 - 1S 10.75
2,80 . 2.68 . .0.53 4.37 11.71
°I.98 - 1,68 . 0.33 . 2.75 4.u8
2235 2920 S LTS " 1.63 ©-0.28 2.18 3.55
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TABLE H-6 (CONTINUED)

UNIT DISCHARGE MEASUREMENT SUMMARY

AT CENTERLINE OF THE JRAGUNG RIVER

AT THE BORANGAN BRIDGE

-Date: Hour  Measurement  Gage Height  Depth  Observation  Velocity  Unit Discharge
No. Depth 3
m m m m/s m /s/m
Jani 16 0235 293 1.50 0.85 0.3% 2.00 1.70
5 0610 294 1.40 0.72 0.29 1.40 1.01
0930; 295 1.34 0.62 . 0.25 1.30 0.81
o 1230: 296 1.30 0.60 0.24 1.10 0.660
7. 1825 297 1.22 0.54 0.21 0.90 0.486
Jam 17 0645 298 1.16 0.44 0.17 0.80 0.352
S 1708 299 12 0.40 0.16 0.65 0.260
Jam 18 0705 300 1.02 0.37 0.14 0.60 0.222
1615 - 301 1.00 0.36 0.14 0.50 0.180
Jan. 18! 0900 302 0.99 0.36 0.15 0.50 0.180
Jan~2)3. 0905 303 1.03 0.40 0.16 0.60 0.240
2125, 3oy 1.8 0.55 . 0.22 0.80 0.440
2350 305 -1.30 0.73 0.29 1.40 1.02
Jan 22 0LOO: 306 - 1.18 0.57 0.22 1.00 0.570
0930 307 1.0 0.u49 - 0.19 0.85 0.417
1350 - '308 1.05 0.ub 0.17 0.75 0.330
Jan 23 1250 © 309 0.95 0.35 0.14 0.60 0.210
Jan 24 1700 310 0.93 . 0.28 0.11 0.50 0.140
Jan 25 0830 . 311 .. 0.90 0.25 ~0.10 0.40 0.100
) 1445 312 . 1.8 0.61 0.24 1.10 0.671
1503 313 1.24 0.67 0.27 1.20 0.804
1550 314 1.16 0.57 0.22 1.10 0.627
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TABLE H-6 (CONTINUED)

UNIT DISCHARGE MEASUREMENT SUMMARY
AT CENTERLINE OF THE JRAGUNG RIVER
AT THE BORANGAN BRIDGE

Date: Hour Measurement Gage Height Depth Cbservation Velocity Unit Discharge
No. Depth ST
m

m m ‘m/s msls/m

1740 315 1.08 0.46 0.18 © 0.80 0.368
1930 316 1.04 0.u44 0.17 - 0.70 0.308

Jam 26 1730 317 ©1.00 0.40- . 0.16 . 0.65 0.260
Jam 27 1030 318 0.9 - 0.3 0.4 0.50 0.180
Jan. 28 0908 318 0.91 0.28° 011 0.50 0.145
- Jam 29 2015 320 1.25 0.68 . .0.27 .. 0.816
o 2145 321 1.21 062 0.4 0.806
Jan 30 0130 322 1.12 0,52 10420 - ¢ 0.520
0600 323 1.05 0.4l ¢ 0,160 - 0.349
| 0900 3o 1.02 S 628 0L 0.203
Jan: 31 1730 325 0.90 S 0.27 0,10 0.176
1750 326 1.18 058 0,28 0.696
Feb I 0G5 327 .99 0.38. 0. 0.228
o 1850 328 1.60 1,02 . 0.22 2.40
70430 7
2013 . 330 | 240 178 034
2025 331 2.80 2,000 . 0.40 ¢
T AR o
'208§ - @32 . 2,85 2,05  0.41

20.00 329 2,25

4,05

4.58
6.06

6.91
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TABLE H-6 (CONTINUED)

UNIT DISCHARGE MEASUREMENT SUMMARY
AT CENTERLINE OF THE JRAGUNG RIVER
AT THE BORANGAN BRIDGE

..pﬁté: Hour Measurement Gage Height Depth Observation - Velocity'f"ﬂnit ﬂischéfﬁé
) No. Depth B G En Ll 3
m m om - _mfs - m /s/m

Feb: 2 0005 333 1.75 1.41

LTS 2.7

. 1.65 1.52
L0 0.980
1400 ~ 0.660
2,85 L. 3.01

0300 334 1.u8 0.92.
0620 335 . 1.30 0.70 .
0920 336 1.22 0.66 ..
1700 337 1.60 1.23°

1715 338 1.80 1.45 ©c2.75 0 3.99

NHNON;ONOSN
o *

- 1730 3sg - 2.25 1.60 L 2,880 4.29

oHOoOrODOOOOrO

WNW
'NONDPORFNON

1745 340 2.30 1.60 Coiamo 0 w32

Lo
N
-]

" 2055 341 C 175 1.39

[=]
L]
N
a

2.50 3.48

t_,' '.v‘ .

: 1n .

Feb 3 0003 342 1.45 ‘0,96 . ‘0.38 .~ 1.95 - 1.87
0600. 3u3. 124 0 20,70 . -0.28 . 1.20 0.840
1110 L S 5 L 0422 1.10 0.616
1800 3uS5 1.04 0.18 " 0.90 0.414

Feb 5 1520 aug o L26 0 0.280  1.50 1.05
Feb 8 1650 a7 . 080 - 032 . 0.55 0.165
Feb 8 0837 . 348 L0080 710,120 0.5 6.145
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TABLE H-6 (CONTINUED)

UNIT DISCHARGE MEASUREMENT SUMMARY

AT CENTERLINE OF THE JRAGUNG RIVER

AT THE BORANGAN BRIDGE

~-Date: Hour Measurement Gage Height Depth Observation Velocity Unit Discharge
‘ No. Depth L 3

‘ m m m m/8 m /s/m
Feb»100 1905 3ug 1.24 0.68 0.27 1.25° 0.850

S 1910 350 1.37 0.80 ©  0.32 2.00 1.60

1930 351 1.90 1.50 10.30 3.75 5.63

1.20 o
2045 352 2.00 1.56 0.31 '2.80 4.37
, 1.24 -

2110 353 1.2 0.83 0.33 1.50 1.25

2300 3su 1.25 0.79 0.28 1.20 0.840

Feb: 1 0103 ass 1.23 0.67 10.26 1.10 0.737
0600: 356 1.12 o.48 - 0.19 1.05 0.504

1525 3s7 1.36 0.78 0.31L 1.80 1.40

1537 358 1.140 0.79 1 0.32 1.80 1.42

1825 359 1.28 0.67 0.26 1.60 1.07

2310 360 1.18 0.56 0.2 1.30 0.728

Feb:12'  0800; 361 1.10 0.45- . 0.18 1.00 0.450

1805 362 1.25 0.63 . 0.25 1.70 1.07

Feb 13 0840 363 1.08 029 0L . 0.85 0.247
FTeb 14 1515 36K 0.98 0.3 ¢ T0a2 . - 0.50 0.1S5
Feb 15: 0725 36§ 0,92 0s2% 0,100 - 0.30 0.072
1846 366 . 123 - 0.6L . " 0.24 +'1.60 0.976
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TABLE H~6 (CONTINUED)

UNIT DISCHARGE MEASUREMENT SUMMARY
AT CENTERLINE OF THE JRAGUNG RIVER
AT THE BORANGAN BRIDGE

Date: . Hour Measuremen Gage Height Depth Observation Velocity Unit Discharge
No.. Depth

m m m , n/s mals/m
§;§5x161 o5ug; 367 1.0% 0.38 0.15 0.85 0.323
‘Feb 17 - 0630 3s8. 0.96 0.300  0.12 0.45 0.135
Feb: 18 1505 359 0.9% 0.2% ©0.10 - 0.40 0.095
Feb 18! 0630 370 0.97 0.27 0.IL . 0.60 0.162
Feb: 200 1738 371 0.81 0.22 0.03 - 0.30 - 0.066
.. 2330 372 1.I5 0.55 0.22 - ' -1.25 = 0.688
Feb: 23 0100 373 1.10 0.50 0.20. " : - 1.00 0.500
o .. 0600 a7y 1.07 0.43 0.17 - 0.80 . 0.387
‘Feb 22~ 0650 - 375 0.93 0.23 0.08 - 0.30 0.069
TR 2118 376 1.08 0.43 0.17 .1.00 0.430
‘Feb.23 377 1.06 0.39 0.16 - 1.00° 0.390
Sl a7s 1.01 0.23 0.09 0.80 0.184
RS 379 1.30 0.67 . 0.27 1.50 1.01
o - 380 1.23 0.65 0.26 - 1.45 0.943
Feb 24 381 1.22 0.63- 0.25 . 1.45 0.91%

o osez ST 0.57 ~  0.22 . 1.20 0.684



TABLE H-6 (CONTINUED)

UNIT DISCHARGE MEASUREMENT SUMMARY
AT CENTERLINE OF THE JRAGUNG RIVER
AT THE BORANGAN BRIDGE

;. Date Observation |

68 -H

Hour Measurement Gage Height Depth ) Velocity Unit Discharge
} m . m mo “mls - m /s/m
0700 383 1.10 0.52 0.21 ‘f’ﬂi‘f.,ds” ; ~ 0.624
: 1803 3su 1.00 0.62 - 0,16 1.00 * 0,420
_Feb 25 0035 385 1.21 © 0.56 0.22  ~1,30 04728
S 0110 3s6 113 .04 700417 1.09 = 0,440
| 0700 387 _0.99"- 0.32-> - 0. 127 0.S5%: - .0.30u"
' Feb 26 0900 388 0.91 " {‘0.233 0,09 0.30 , ‘o_.osg .
s 1800 * 389 0.92° 0.24-0 7 0.10, £0.30° 1 0.072
Feb 27 0815 390 0. 92 ~o 2% 77 0.10 .;‘o 30 .0.072 -
Feb 28 = 0800 1391 0.90." o 2277 20,09 20.30 © 0.066
Mar 1 - 0630 = 0.90~ Coler 3y 08 0.30 10,063
Mar ¥ 0625 393 RS 0.25  0.10 20.30 - 70,075
Map 6 0110, 3% 1.13 - +-0. so- 018 1. oo T 0.500
21000 », 1 16 ,.‘q.su o 21 1.10 0.594
Mar 7 0725 1.04 0.3 0.3 0:90 0.324
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TABLE H-6 (CONTINUED)

UNIT DISCHARGE MEASUREMENT SUMMARY

AT CENTERLINE OF THE JRAGUNG RIVER

AT THE BORANGAN BRIDGE

Date Hour  Measuremen Gage Height Depth Observation Veiocity Unit Discharge .
B ‘No. = Depth 3
m m m m/s m /s/m

Bpri3 398 1.06 0.41 0.16 1.10 0.451
' " 1630 399 1.06 0.40 0.16 1.00 0.400

: 1830 400 1.02 0.34 0.14 0.75 0.255
Apr 2 0800 401 0.99 0.3¢ 0.12 0.60 0.180
1100 402 1.16 0.49 0.20 1.40 0.686

1140 403 l.14 0.47 0.19 1.25 0.588

Apr 3 0110 4oy 1.12 0.42 0.16 1.15 0.483
1100 405 1.03 0.34 0.13 0.70 0.238

Apr 4 0705 406 1.42 0.82 0.32 2.25 1.85

0716 407 1.50 0.93 0.37 2.20 2.05

0734 408 1.52 0.88 0.35 2.20 1.94

0845 409 l.uy 0.84 0.33 1.85 1.55

1055 410 1.30 0.65 0.26 1.60 1.04

1400 411 1.20 0.39 0.15 1,50 0.585

1900 432 1.27 0.67 0.29 1.60 1.07

1940 413 1.34 0.68 0.27 1.65 1.12

Apr 5 0105 4y 2.06 1.28 0.26 2.95 3.78

. 1.04
0117 415 12.30 1.70 0.34 3.15 5.36
S 1.36
0135 416 2,60 2.00 0.40 3.18 6.36
‘- . 1.60 ,
0150 427 2.70 2.20 0.44 3.20 7.04
1.76 ‘



16-H

TABLE H-6 (CONTINUED)

UNIT DISCHARGE MEASUREMENT SUMMARY

AT CENTERLINE OF THE JRAGUNG RIVER

AT THE BORANGAN BRIDGE

L Dat_é_‘: Hour Measurement Gage Height Depth Observation Velocity Unit Discharge
ST T No. Depth 3
m m m m/s m /s/m
10225 418 2.55 1.98 0.39 3.05 6.04
S : ; 1.59
0335 419 1.95 -1.35 £ 0.27 2.63 3.55
L g oo o ) 1.08
Apr 5 0445 . - 420 [:92 - - 1.30 0.26 2.35 3.06
0555 . 421 . - i83 1.20 0.2u 2.25 2.70
O R S A e 0.96
0705 70 1.12 0.22 2.05 2.30
1100 .55 1.00 0.20 1.70 1.70
e 0.80
1720 45 0.86 0.34 2.00 1.72
1925 1.0 0.89 0.32 1.60 1.28
kpr 6 0805 .10 0.54 0.21 .80 0.432
‘ 171§ ! 1.80 0.36 4,05 7.29
1900 ; 2.30 1.70 0.35 2.90 4.93
S o 1.35
2025 429 ©71.90 1.68 0.33 2.50 4.20
s 1.34
2210 430 - 1.60 1.07 0.21 1.60 1.71
0.85
kpr 7 0140 431 1.40 1.12 0.22 1.55 1.74
: _ 0.90
0635 Y] 1.25 0.88 0.35 1.20 1.06
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TABLE H-6{CONTINUED)

UNIT DISCHARGE MEASUREMENT SUMMARY
AT CENTERLINE OF THE JRAGUNG RIVER
AT THE BORANGAN BRIDGE

f:fHour Measurement Gage Height Depth Observation Velocity Unit Discharge
il No. Depth - 3
m m m : m/s m"/s/m

fiflslu . 433 1.08 0.72
1852 43y 1.48 110

0.80
1.50 0.576 -

.
NNDNWWONN

+-1952 435 1.38 . - 0.9
© 2303 436 .20 - 0.88:
. 0652 . 437 120 0473
L1737 - 438 1.02. . 0,61
2340 439 0 1.30° .. .1.05

1.50 1.u9
1.20 1.06
0.80 0.584
0.60 0.366
1.25 1.31

2.50 3.68

“00s0 w0 . . 195 Lug

S-0200 - w1l L 1ns 2.46

TL0715. 0 uu2

S 1740 - M43

1845 gy

2050 . uys5

Apr 10 0610 - 446 -
T N

JApr 11 2020 . 448

2130 . yug .
2330 . 450

1.38
0.520
1.65
1.16
0.561
0.344

1.44

1.08
3.84

« * o o .
NWONWWOWNEN
® e e e o @

oOWwn OHWIOoW
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TABLE H-6 (CONTINUED)

UNIT DISCHARGE MEASUREMENT SUMMARY
AT CENTERLINE OF THE JRAGUNG RIVER -
AT THE BORANGAN BRIDGE

Measurement Gage Height Depth Observation Velocity Unit Discharge

No. L Depth 3
m_ m m - n/s- m /s/m
451 1,90 1.40 0.28 2.55 3.57
R s S la2
#52 M6 . 0.97 " 0,39 2.10 2,04
453 .0 185 . 0,90 .. 0.36. 1,50 1.35
C4SE T iolue o U85 o3y 1.10 0,935
L WSS . Xe8 - 0.5 0.20 .0.95 0.459
- 456 i G 1429071 0,26 2.10 2.709
70.22 1.95 2.17
.0.89%-
©0.39 - 1.20 1.18
0.38 " 1.80 1.73
0.24 1.20 0.708
0,20 1.80 1.84
0.82-
0.32 “1.70 1.29
0,27 1.40 0.952
- 0.24 1.10 0.671
0,22 ¢ 10.80 0.440
70,36 1.60 1.44
0,31 1.50 1.16
0421 0.90 0.477
~0.17 0.80 0.352
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TABLE H-6 (CONTINUED)

UNIT DISCHARGE.MEASUREMENT SUMMARY .
AT CENTERLINE OF THE JRAGUNG RIVER
AT THE BORANGAN BRIDGE

Measurement Gage Height Depth Observation - Velocity Unit Discharge
No., Depth '

m m m ' - m/s m3/s/m
470 " 1.00 0.40 .. 0.16. . . 0.70 0.280
471 0.96 0.34 . - 0.14 . 0.60 0.204
o u72 098 0,82 0,12 - 0.50 0.160
oeHT3 ©0.96. .0.35.° 7 - 0.1% - - 0.55 0.193
Ry 133 0,52 0,20 1.00 0.520
©0.96 - 0,35 . -0.18 © . 0.60 0.210
A5 .. 0.56 0,22 1.10 0.616
1,00 0.3 0,13 0.50 0.170
1.61° 0.5L ~ -0.20" 1.10 0.561
1.26 0.62 0.4 1.25 0.775
1.09 0.46 - 0.17. 0.60 0.276
0.99- 0.38 0.15 0.50 0.190
0.96" 0.35 0,13 0.50 0.175 -
0.94 £ 0,31 0.0t 0.50 0.155
0.90 0,27 . 0.0.100 0 0.50 0.135
© .02 . 0.50 0.150
70,09 0,50 0.140
- ’012“ ’ 1.20 o.7’+u

0.16 0.70 0.294
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TABLE H-6(CONTINUED)

UNIT DISCHARGE MEASUREMENT SUMMARY
AT CENTERLINE OF THE JRAGUNG RIVER
AT THE BORANGAN BRIDGE

Measurement Gage Height Depth Observatioﬁ = Velocity Unit Discharge
No. _ Depth. - . 3
m m m o mfs - m/s/m

490  0.96 0,33 © 0.13 0.50 0.165
491 0.90 0.26. - o 0.50 . 0.130

. we2 . 0.88  0.30- 0.50 0.150
0.92 - 0.32. /0. 0.60 0.192
-0.88 - 0.26° 0,09 0.45 0.117
010100 0.50. .- 0420 1.10 0.550
1,07 . 0.6 .0.18 0.90 0.414
SoULM0 0495 0t 0,38 2.00 1.90
Trli80 o 146 0029 2.05 2.99

©1.54. . 0.80  0.32
1132 - 0.72 0.28

1 1.44
0
0

0

0 1.01
0 0.605
0

0 1.06 . 0.45 - 0,18, 0.360

0.96 . 0.3 - 0.13 0 0.204

~'0.80, © . 0.25 0.10 - 0.50 " 0.125
1700 - 1,38 . 0.27 2.140 3.19

Hay 4

1300 0.26 2.30 2.99

2 e.e3 | 0.37 1.70 1.58
0072 0 0.29 1.30 0.936
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TABLE H-6 (CONTINUED)

UNIT DISCHARGE MEASUREMENT SUMMARY

AT CENTERLINE & THE JRAGUNG RIVER

AT THE BORANGAN BRIDGE

May 21

Measurement Gage Height Depth Observation Velocity Unit Discharge
No. Depth . 3

m m m m/s m /s/m

' 509 1.05 0.43 - 0.16 0.90 0.387
510 1.01 0.40 0.16 0.50 2.00

511 0.98 0.35 0.13 0.50 0.175

512 0.93 0.29 0.12 0.80 0.232

-~ 513 ‘ - 0.23 0,09 - 0.35 0.081

- 51k 0.40 0.16 0.60 0.240

115167 0.43 0.17 0.80 0.34%

518, 0.31 0.2 0.50 0.155

[519" 0.43 0.17 0.80 0.3u4

120820~ 520 0.33  0.13 0.60 0.204
May 13 - 0800 " ‘521 0.30 0.12 0.40 0.120
May 14 - 080 7028 0.11 0.40 0.112
May 15 £70.30 7 - 0.12. 0.40 0.120
May 16 0.2 0,09 0.30 0.072
May 17 0.08 0.30 0.066
May 20 .22 '1.10 0.616
i12 10.80 0.2u8
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TABLE H-6 (CONTINUED)

UNIT DISCHARGE MEASUREMENT SUMMARY
AT CENTERLINE OF THE JRAGUNZ RIVER
AT THE BORANGAN BRIDGE

Hour Measurement Gage Height Depth Observation = Velocity Unit Discharge
No. Depte ' o 3 B
m : m - Y mfs m /s/m

May 22- 0615 528 0.89 0.27
e 1530 529 1.25 .0.55°
1545, 530 1.50 0.9y
©. 1600 531 1.70 1,220

0.122
0.660
1.97
2.50

OOO0.0000
W WO N WA
mmm:-ak“:

Q) W
oo D E2
=t
L]
(3]
[«]

2.20

©1625. - 532 1.60 1.9

1,70 1.68
7.1.80° 1.35
140 0.99%4
1.10 0.605
- 0,80 0.336
1.30 0.819
"1.70 1.67
1.32
1.30 0.923

1.20 C.756
1.00 0.500
0.80 0.320

0.60 0.204
0.150

0.40 0.096
0.092

. 1735

1835 -

... -1e50.
“May 23 0010
ST osoo
. 1530 -

1715

11830

2000°

‘ 2130
May 24 0100 -
0800

1500

May 25 0600
1730 -

May 26 0820
1710
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TABLE H-6 (CONTINUED)

UNIT DISCHARGE MEASUREMENT SUMMARY
AT CENTERLINE OF THE JRAGUNG RIVER
AT THE BORANGAN BRIDGE

Measurement  Gage Height  Depth  Observation ~ Velocity  Unit Discharge
No. . . . Depth ~. . e

‘m/s n/s/m
550 . - 0,08 U:0.35 ., 0.074
ss1 ., 4 0,09 L ET R 0.096
552 - 0.2 . 0.0 040 0.096
553 - o2k 1008 0 -1 . 0,096
554 - L 0abe .20 1010754 0.539
555 S . 0.43 20417 e 7. 0.70 . - 0,301
857 o C . .0.50 710,200 % 1.0 0.550
5590 LR 1,187 . 0.6 oMok . 1,30 0.793
: T Y - R P 0.520
0.174
0.100

0.62u4
0,149
0.627

0.175

0.108
0.368



SGPH .

"TABLE H-6 (CONTINUED)

UNIT DISCHARGE MEASUREMENT SUMMARY
AT CENTERLINE OF THE JRAGUNG RIVER
AT THE BORANGAN BRIDGE

No. Depth

Hqur» " Measurement Gage Height Depth Observatioh‘

Veloc:.ty - 'Unit Discharge

o m/s

in3/s/m

569 .34 . o.em 7

570 120 o3

s
Ts73l

040
0,10
. 0.40
010
0.40
©0.30

1.32

0.756
0.530
0.378

0.300
0.266

0.155
0.104

0.104

0.104
0.096
0.092
0.092
0.092 -

0,060



TABLE H-7

SUSPENDED SEDIMENT MEASUREMENT SUMMARY
- JRAGUNG RIVER AT BORANGAN BRIDGE

HOur Gage Height Depth Sample Susperided Sediment
v E : Concentration
Smo m ~ _No. mg/l

. Date

Recond starts oy 3, 1977
2360
5360

- .3640

3010
2330

g 1720

Nov'9 1745 0.90 10,21
S ABNET 70,96 °0,28;
019250 0,96 0428
© 120200 o.9n 0.2
12105 10,92, .0.25.

Nov 10 1800 088

‘Novii 1715 - o.84 T 5%

Nov 12 1850 0.82 Tois. .8 205

Nov 14 1950 0.79.
Nov 16 0025 1,40 0,76 10
02u5 1.09 043 11
1645 0.86 043 12

Nov 18 1900 0.82 3 i3
Nov 20 2055 1.05 .‘6}5834 jigi

. 2150 1.01 0.28 15
Nov 21 1755 0.82 o;ialf ;iéf

Nov 22 1810 0.82 ‘

19"
20

Nov 26 0130 1,00

0.87. 0.14 © 21"
a7, 0,50 22°
(1015 0.47: 23
1.18° 0,420 24
1410, 0,410 25
1,06 0,37 ¢ 26~

Nov 29 -




TABLE H~7( CONTINUED)

SUSPENDED SEDIMINT MEASUREMENT SUMMARY
. . JRAGUNG RIVER AT BORANGAN BRIDGE

- Gage Height Depth  Sample  Suspended Sediment

Concentration
m: ' m : No. mg/l
0,92 ;018 27 1500
1,18 ©0.62 28 17800
t01,19 . 0,563 i29° 27400
1,18 - 0.48 30 © 20400
1,06 ©0,37 .31 19400
1,02 .0.81 32 -11500
0.99 10,26 33 16200
Dec 2 1425 1590
1500 66200
1530 56800
1635 37400
1745 26200
1920 18960
Dec 3 1620 7090
1825 8720
Dec 4 1610 1040
1640 58100
1710 57800
1830 32800
2035 12800
Dec § 1610 . 4600
Dec 6 1730 "17800
1755 24300
1850 30300
1920 21600
2005 19000
2040 -16500
2150 13900 .
Dec 7 1520 2070
L4810 11100
1825 17100
1900

1780Q




TABLE B-7(CONTINUED)

~ SUSPENDED SEDIMENT MEASUREMENT SUMMARY
' JRAGUNG RIVER AT BORANGAN BRIDGE

'7'{_Gage Hei

Smo

Dec

11. 16

12
13

14

15

16

17

1096

;;;1119;
7087

'”'~?35§;agf

- 0.89

0.9%
1,20

1,12

0,91

Depth

m

Sample
No.

Suspended Sediment
Concentration

mg/l1

0.2

9100
8yl

251




. TABLE H-7(CONTINUED)

' SUSPENDED SEDIMENT MEASUREMENT SUMMARY
- JRAGUNG RIVER AT BORANGAN BRIDGE

. Gage Height  Depth  Sample  Suspended Sediment,
S TuE T e e ~  Concentration

mecolme o _Neo mg/1
Coitlow27 88 2850°
w . N w N . W - !, . 815

24 coo 1,00 0 7.0,21 - - BB 3820
~--1535 - 1,03 - 0,27 V' 89 - 8680
© 1555 1.29 0.57 . -90" 15500 -
1610 1.31 . 0.63 - 91 28400
1625 1,29 -~ 0,63 - 92 18500
1740 1,47 0,41 93 11200

Dec 25 0720 0.99 0.6, . ou 418
1835 0.5 - 0.16' 85 o821
Dec 26 0710 0.9 0.4 . 96 169
1800 0.89 . 0.4 9T STy
BT e
50

o
)
(=]
) .
° .
w0
[
@

 NOoOONFOwW U N

Dec 27 0600
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29600
13400
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13600
10100

Dec 28 0830
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Dec 29 0605

0.13. - 107" 816
.32 -~ 108 17800
0.31 - 109" 13500
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25400
28400
45700
30500
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TABLE H-7(CONTINUED)

SUSPENDED SEDIMENT MEASUREMENT SUMMARY
JRAGUNG RIVER AT BORANGAN BRIDGL

Date Hour Cage Height Depth Sample Suspended Sediment

Concentration
W m No. mg/1
Dec 31 0020 1,45 0.89 118 23900
0140 1.39 0.78 119 21600
0210 1.33 0.67 120 28300
0320 1.26 0.55 121 22100
0610 1.22 0.48 122 5410
1220 1.13 0.40 123 2580
Jan 5 1850 1.00 0.28 124 1120
Jan 6 0820 0.99 . 0.22 125 697
, 1550 1.06 . 0.33 126 4630
Jan 7 0715 1,07 0.38 127 1380
1515 1.22-° . 0,48 128 7070
1620 1.18 770,46 129 11500

Jan 8 0610 0,99 [0.25 130 825

1615 0.98 . .0.20 131 215
Jan 9 0620 0.97 ©0.23 132 532
1540 1.69 1.21 133 - 25200
1555 1.68 1.4% 3y 29700
1625 1.64 1.00 135 28615
1815 1.48 0.78 136 7340
2210 1.28 0.7% 137 8380
Jan 10 0615 1.13 o;aa;,’”giaéﬂ}; . 2010
1650 1.05 .26 139 . . 1290
Jan 11 0930 0.99 670
1810 1.00: 305
Jan 12 .0805 0,99 . . 300
47200 097 256
Jan 13 0620 - 1.03 - 667
S 1335 1.25 3950
6850

W0 136



TABLE H-7 (CONTINUED)

SUSPENDED SEDIMENT MEASUREMENT SUMMARY
JRAGUNG RIVER AT BORANGAN BRIDGE

Date Hour Gage Height Depth Sample Suspended Sediment

" Concentration
m m No. mg/1
Jan 14 0630 1.09 0.35 147 1220
1620 1.03 0.27 148 565
1825 1.28 0.60 143 5590
1840 1.30 0.60 150 6530
2020 1.23 0,52 151 6580
Jan 15 0630 1.09 0.38 152 1240
1820 1.00 10422 153 . 457
1855 ‘1,15 0.4 154 1160
Jan 16 0645 0.99. L 0.21 155 772
- 1810 1,57 0,86 156 18800
1840 . 1.37. L 0.64 157 18300
Jan 17 0640 1,01 0.22 | 158 811
1735 1,00 0.19 159 .. 518
Jan 19 0750 0.98 0.13 - 160 a7
1530 1.53 0.90 151 22000
1545 1,57 ©0.85 162 25000
1605 1.80 1,19 163 28900
1640 1,53 0,84 . 164 39400
1905 1.38 0.75 - 165 16800
Jan 20 1725 16 57900
1745 37400 -
1805 . 36700
1910 -18500
) 2025 /13600
Jan 21 0600 2580
| 1820 . 1050
Jan 22 0620 - 1500
18200 " 618
Jan 23. 0830 588
S 41500
34200




TABLE H-7(CCNTINUED)

SUSPENDED SEDIMENT MEASUREMENT SUMMARY
JRAGUNG RIVER AT BORANGAN BRIDGE
' 7Dat§ff5 Hour Gage Height Depth Samp. Suspended Sediment

Concentration
M o No. mg/l

~.7 1550 1.91 1.39 178 24200
- 16H0 1.76 1.17 179 13100
.. .1805 1.70 1.03 180 6510
. 2020 .68 . 0,97 181 15000

4710
2300

. Jan 24 0605 1.20
Jan 25 0930 1,08 -
Jan 26 6900' "11246\’ ~

1000 . 1,36 -

Jan 27 - 0810 1.20.  ~ ou7. 188
1820 1,13 . 0.38 189

Jan 28 0810 1.07 - 0.34 . 190
1810 1.05 L +0.30" 491

Jan 29 0710
1820

Jan 30 0630
1800

Jan 31 0900
2000

Feb 1 0920
1735
1810
1850 -
1930 -
" /2010

=106



TABLE H-7(CONTINUED)

SUSPENDED SEDIMENT MEASUREMENT SUMMARY
. JRAGUNG RIVER AT BORANGAN BRIDGE

Suspended Sediment
Concentration

ot Aff;Gage Height Depth Samp

- k7600
40000

20500
9960

" 14680




TABLE H-7(CONTINUED)

' SUSPENDED SEDIMENT MEASUREMENT SUMMARY
JRAGUNG RIVER AT BORANGAN BRIDGE

Hour ' Gage Height . Depth  Sample

Suspended Sediment
Concentration

mg/l

Feb 16 0810 . 1.13. . .
; L3 :

H-108

h23
250

189
64300
57700,
41400

24000

9930



TABLE H~-7 (CONTINUED)

‘SUSPENDED SEDIMENT MEASUREMENT SUMMARY
. JRAGUNG RIVER AT BORANGAN BRIDGE
f”béfé}f}fﬁéﬁff5f Gage Height Depth Sample Suspended Sediment
Prbacorie s Aol o Concentration

m m No. mg/l1

5610
2350

1890
- 1310
1240
66D
4220
3330
688
. Bh2;

© 7515
£38900
36700
5940



http:1.0.0.30

TABLE H-7(CONTINUED)

 SUSPENDED SEDIMENT MEASUREMENT SUMMARY

" JRAGUNG RIVER AT BORANGAN BRIDGEL

m

Mar

Mar

Mar

Mar

Mar

Mar

Mar 7 ¢

10

1

12

13

our . Gage Height  Depth

=]

Sample

No

e e L
DDIAN
O wowm:

SN RNWON -
SOV OUSIN N

occooco cooo
-

H-110

292
293
20y
295

(2%
207

298
299
300

féof
202

ﬁaoaf
304

305,
306
307
308

309°
310

3111
‘312 

813

Suspended Sediment
Concentration

mg/1

1770
5530
43140
5370

527
48600
55900
© 25000
- 12900 |

323
1y



TABLE H-7(CONTINUED)

SUSPENDED SEDIMENT MEASUREMENT SUMMARY
JRAGUNG RIVER AT BORANGAN BRIDGE
Date Hour - Gage Height Depth Sample Suspended Sediment
‘ Gl : Concentration
m m No. mg/l

320 107
321 103

o
.0
-]

[e N =]

67
T

Mar 20 0610 1.

Mar 22 0610




TABLE H-7(CONTINUED)

SUSPENDED SLDIMENT MEASUREMENT SUMMARY
JRAGUNG RIVER AT BORANGAN BRIDGL

‘Uxﬁgﬂ'Gage Hei
V m
A8l 0,96
Mar 28 075 0.9
S 1810 0.9%
Mar 30 0830 0.94"
1710 0.93:.
Mar 31 0755 0.90
1535 0.90
Apr 1 0850 0.90
1535 0.89
~ Apr 2 0920 0.89
1720 0.90
Apr 3 0710 0.89
1535 0.90
1840 1.08
2110 1.08
2235 1.08
2400 1.23
Apr 4 02u5 1.11
0635 1.11
1800 1.03
Apr 5 0600 0.99°

Depth Sample juspended Sediment
Concentration
m No. mg/l1
0.16 349 118

171



_TABLL H-7(CONTINUED)
'SUSPENDED SCDIMENT MEASUREMENT SUMMARY
- 'JRAGUNG RIVER AT BORANGAN BRIDGE

“ iv?;ﬁfgaé€7ﬁéiéﬁ”fﬁf‘bepth Sampl - Suspended Sediment
R R - Concentration

m  ' " __No. mg/l -

664
249

Apr 12 0700
1505
1525
1555
1640
1825
1930

e o o o o
WEFEFORLRORO
NOMOOOr

s e

PREBONONDR

Apr 13 0945
1655
2030
2055
2130
2245

Apr 14 0750
1550

1955

2025
2055
. 2215
. 2325

- Apr 15 0550




~ TABLE H~7(CONTINULD)

SUSPENDED SLDIMENT MEASUREMENT SUMMARY
‘VijJBAGUNG RIVER AT BORANGAN BRIDGE

Concentration

' m No. mg/1
0.16 407 2310
[0.12. 408 415

-éﬁéefﬁéﬁéhf ~ Depth sample  Suspendad Sediment’

- Apr 17 0810 .o 0,11 409" 2680

Apr 19 f0600
Apr 20 0710
Apr 21 0715

Apr 22 0140

Apr 23 0800
Apr 24 0620

- Apr 25 0810

hon 26 omp




TABLE H~7(CONTINUED)

 SUSPENDED SEDIMENT MEASUREMINT SUMMARY
. JRAGUNG RIVER AT BORANGAN BRIDGE

Suspended Sediment
- Concentration '

mg/l -

Bl



TABLE H-7(CONTINUED)

SUSPENDED SEDIMENT MEASUREMENT SUMMARY
JRAGUNG RIVER AT BORANGAN BRIDGE

' Hour  Gage Height Sample Suspended Sediment
‘ Concentration
RN m No. mg/l

'_'i‘he measurementa fov the 1978-'79 wet season were made by
depth-integra‘cing with a, P-Gl ‘gampler at the center of the river

~i‘66fa;gf{‘__1sooj} +3o;821n Cuy 888

“Oct 3 E 0815?*'
- '1630
;1538 o

.;",181u*:
3920

1945

2030
2130
2230-,

Oct &4 0600
: 1800 -

Oct 5 0800
1800

Oct 6 o545
1700

Oct 7 0600

Oct 9 0300
1700

Oct. 10 0755
1700

. Oct 11 0745
| - 1700

t12

70800 - -

B-116



TABLE H-7(CONTINUED)

SUSPENDED SEDIMENT MEASUREMENT SUMMARY
JRAGUNG RIVER AT BORANGAN BRIDGE .

Date Hour Gage Height. Sample Suspended Sediment
. Concentration
m No. mg/l '

The measurements for the 1978579 wet season were made by IR
~ depth~integrating with a P-61 sampler at the center of the rivepf,A

Oct 14 0735 ' 0.80° ! 113
1630 ~ 0,81 (72 e
Oct 15 0525 0,80 93 g6
o 1725 0.80 S S
Oct 16 0740 0.81° T
- A715 10.80
1930 0.92.
Oct 17 0545 0.84
1645 0.82
Oct 18 0950 0.82
1655 0.82
1850 0.87
Oct 19 0555 0.93
1800 0.89
Oct 20 0530 0.86
1750 0.93
Oct 21 0600 0.95
1700 0.94
Oct 22 0600 1.02
1630 0.98
Oct 23 0730 0.91
1715 0.90

Oct 24 0800
S 51
" Oct 25, 0750
18001

" 0ct:26




TABLE H~-7 (CONTINUED)

SUSPENDED SEDIMENT MEASUREMENT SUMM.RY
JRAGUNG RIVER AT BORANGAN BRIDGE

Date Hour Gage Height Sample Suspended Sediment
Concentration
m No. mg/l

The measurements for the 1978-79 wet season were made by
depth-integrating with a P-61 sampler at the center of the river

Oct 27 0530 0.92 93 845
1650 0.92 £ 200 417
Oct 28 0730 0.88 101 223
1645 0.87 102 163
Oct 29° 0015 103 122
| 1540 104 BT
Oct 30 . OTHS 105 101
3800 . 108 LA
Oct 31 0815 o107 589
1730 108 8,010
1800 110 - 2,500
1845 - L 3,480
1915 B b R 2,270
1935 as 7,750
2000 S 1am 18,200
2100 115 15,100
2215 116 15,900
2300 7 °16.800 "

H-118



TABLE H-7 (CONTINUED)

SUSPENDED SEDIMENT MEASUREMENT SUMMARY
JRAGUNG RIVER AT BORANGAN BRIDGE

Date Hour Gage Height Sample Suspended Sediment
Concentration
m ._No. mg/1

The measurements for the 1978-79 wet season were made by

depth-integrating with a P-61 sampler at the center of the river

Nov 1. 0600 112 118 3,120
1658 .0.98 119 215120 -

Nov ‘2 0800 1,02 120,
T 1830 1 0.96 121

Nov 3 0555 - 0.90 192°
T 1m0 ol 123

Nov 4 0535 0,94 124
1736 0.50 125

Nov § 0865
1735

0 126
0
1750 1
1
1

68 :

88 127
22 7128
16 129
08 130

1830
2000

Nov 6  0500. 0.97 181
1730 0.92 132.

183.
184,
135
136
138
139

Nov 7 0525
1700
1721
1734
1855

1
1
1
1
1
2000 i
1
1
1
0
0
0

.
NW FIO0OWOo
‘caon nnoowv &

2125

180
‘1ML
iz

Nov 8 0101
0515
1545

14t

Nov s 075
oL 1600,

H-119



TABLE H-7 (CONTINUED)

SUSPENDED SEDIMENT MEASUREMENT SUMMARY
JRAGUNG RIVER AT BORANGAN BRIDGE

Date Hour Gage Height Sample Suspended Sediment

Concentration
m No. mg/l

The measurements for the 1978-79 wet season wers made by _
depth-integrating with a P-61 sampler at the center of the river

Nov 10 0800 0.95 145 457
1630 0.93 146 406

Nov 11 0630 y; '
L0 1750
.NdV‘iz;_fobgdG?;
e

Nov 13. 0745
S ootk
TR
o 1735

Nov 15 0810
’ 1720

Nov 16 0608
1705

Nov 17 . 0730
1800

Nov 18 0600
1715

Nov 19 os5us
1725

Nov 20 0610
. - ns
Nov 21 . 0800

Nov 32




TABLE H-7(CONTINUED)

SUSPENDED SEDIMENT MEASUREMENT SUMMARY
JRAGUNG RIVER AT BORANGAN BRIDGE

Date - = Hour Gage Height Sample Suspended Sediment
o Concentration

m No. mg/l

~ The irhef'as‘ﬁr:ements? for the 1978-79 wet season were made by
~depth-integrating with a P-61 sampler at the center of the river

Nov 23'. ' 0650 0.85 m 102
o, 1800 _0.84 172 146

Nov 24 . 0600 0.8 173 106
Nov 26 0600
' 1715
Nov 27 0703
1758

Nov 28 0840 0.8L
1755 0.81

Nov 29 0558 0.81
1800 0.81"

Nov 30 0700 0.81
1700 0.80

CHe121



TABLE H-7 (CONTINUED)

SUSPENDED SEDIMENT MEASUREMENT SUMMARY
JRAGUNG RIVER AT BORANGAN BRIDGE

D#té'A; ~ Hour Gage Height Sample Suspended Sediment
e Concentration
m No. mg/l

The measurements for the 1978-79 wet season were made by
depth~integrating with_a P-61 sampler at the center of the river

Dec 1 0630 - 0.81 - 187 69
o 1600 0.80 188 - 68
“Dec 2 0600 0.80 189
1328 1,05 190
~1355 1.30- 191
1410 1,45 %192
1425 - “1.18° 193
1555 '1.52; 19y
1608 1,60, 195
1825 -1.38: ,
1930 1.32
2045 1.28
Dec 3 0030 1.17
0330 1.10
0530 1.07
0940 1,03
1305 1.00
1515 1.37
1530 1.45
1602 1.45.
1709 1.40
1800 1.31
1910 1.27
2015 1.21
2300 1.1y
Dec 4 0230 .12
0530. 1.04
0845 1.03
1430 1,03
1500 1,07




TABLE H-7 (CONTINUED)

SUSPENDED SEDIMENT MEASUREMENT SUMMARY
JRAGUNG RIVER AT BORANGAN BRIDGE

Date Hour Gage Height Sample Suspended Sediment
ancentration
m No. mg/l

The meaauﬁements for the 1978-79 wet season were made by
depth-integrating with a P-61 sampler at the center of the river

Dec U4 1530 1.10 218 3,890
1630 1.06 219 3,830
1730 1.02 220 1,870

Dec § - 0700 0.94 221 632
1710 0.92 222 . 424
2150 "1.,05 223

2300 1,04 224
Dec 6 2410 '1.03 1225
0100 1,02 1226 °
- 0200 1.02 227
0630 0.98 - 228
1725 0.95

Dec 7 0155 . 1.04
0345 1.16
0500 1.14
0630 1.13
1600 1.03
Dec 8 0600 0.99
1730 0.96
1925 1.02
2022 1.24
2130 1.25
2240 1.22
Dec 9 . 0003 1.20.
' 1.18:
113
1,08
11,05
© 1027
L0

‘H-123



TABLE H-7 (CONTINUED)

SUSPENDED SEDIMENT MEASUREMENT SUMMARY
JRAGUNG RIVER AT BORANGAN BRIDGE

Date Hour Gage Height Sample Suspended Sediment
Concentration

m No. mg/1

The measurements for the 1978-79 wet season were made by
depth-integrating with a P-61 sampler at the center of river

Dec 10 0700 10,99 2u8 589
1755 0.95 249 400

Dec 11 0600 0.91 - 250 - ...281
1820 1.30 251 6,910
1832 1,37 . 1,252 -80,5200 .
1841 1,45 253 138,000
1905 144 275 18,700
2000 . 1255 14,800 ;-
2120 5 256 - 7,980
2240 ~257 " 4,840

Te
wn

NON owow

Oy

258
2595
260 "

Dec 12 0100
0405
0700
1000
1305

1610
1626
1739

[ ]
OO0 OOHEN

FPHP PRRREE B R

Dec 13 0820
1715"
1745
2030

L]
=HNNW
OF-J3O

Dec 14 o645
1745

Dec 15 0030
0122
0230
0405
0740,

MR HE Ok HHPKHO
[le N =]
o w

g N
SEGY

[
. L.
o b

o

0.7 278 538
.-0.98 279 © 377

‘, De§ 16%
B 12 280 1,510

B-124
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TABLE HK~7 (CONTINUED)

SUSPENDED SEDIMENT MEASUREMENT SUMMARY
JRAGUNG RIVER AT BORANGAN BRIDGE

Date Hour Gage Height Sample Suspended Sediment

Concentration
m No. mg/l

The measurements for the 1978-79 wet season were made by
depth-integrating with a P-61 sampler at the center of the river

Dea 17 0100 11.09 281 2,000
| 0220 1,08 282 1,320
0530 1,05 283 1,070

1745 1,00 284 . 546

Dec 18 0700 002

1705 ~oiel
Dec 19 0630 0,90
1745
Dec 20 0605
1830
Dec 21 0545
1800
1915 00
Dec 22 0600 0.99
1605 1.15
1620 1.19°
1800 1.34
1815 145 -
1835 1.50
1927 1.8
2055 1.38
2200 1.34
2304 1.30
Dec 23 0215 1.22
0530 1.15
1100 1.09'
15 1:06.
1530 1.50.
1 1540, - 1.5
1547 11460
%1600 171,70
171620 7 1.70
Camese 142

H-125



TABLE H~7 (CONTINUED)

SUSPENDED SEDIMENT MEASUREMENT SUMMARY

' JRAGUNG RIVER AT BORANGAN BRIDGE

Date Hour Gage Height Sample Suspended Sediment
S _ ’ Cohcentration
m No. _ mg/L

lThe measurements for the 1978-79° wet season were made by
- depth-integrating with a P-Bl sampler at the center of rxver

-Dec 23 g -
: s 2155~. “
’,Décn24,> 4*0200,', 11T
©o7 10530 - .18
10900 1510
1600 06

Dec 25 0605
: 1750

Dec 26 0615

1750

Dec 27 0620 0.95°
1604 0.84

Dec 28 0550 0.94
1404 1.20

1412 1.45

1420 1.90

1435 2,15

1505 2.18

1622 2,20

1805 1.88

2000 -1.60

2210 “l.45

Dec 29 0105 1.30
0400 1.20

0605 1.18

0911 1.13

1400 1.05
Les 1700 1.35
R b K T 1,50
Ly Lsw

1,68




‘Date 'ij

The measurements for the 1978-79 wet season were made by
depth-integrating with P-61 sampler at the center of river

Dec 29

Dec 30

Dec 31

SUSPENDED SEDIMENT MEASUREMENT SUMMARY

TABLE B-7 (CONTINUED)

. JRAGUNG RIVER AT BORANGAN BRIDGE

. Hour

Gage Height

mn

1930
1950

2115
2235
2335

0245
0518
0920
1315

1545

1900

0800
1600
2100

L SN T

pEEL
NO

Foo
o= F

l?ﬁ?127;

350,

Sample Susperided Sediment
Concentration
No. m/1

- 3u6

347

3u8
3u9

. .85
10352
L, 1853
S35k

3850

357
- 358

359

11,200 .
20,600
15,600
+117 ,300
.+22,800

25,600 -
. '2u,800
4,990
2,050,




TABLE H-7 (CONTINUED)

"SUSPENDED SEDIMENT MEASUREMENT SUMMARY
JRAGUNG RIVER AT BORANGAN BRIDGE

. Dgﬁéf Hour Gage Height Sample  Suspended Sediment
oo Concentration
m No. mg/1

* The. measurements for the 1978-79 wet season were made by
'_1depth-1ntegrating with a P-Bl sampler at the center of the river

3so 2,640
361 1,610
362 41,410
363 1,790
364 2,670
365 14,700
366 18,300
367 14,500
368 64190

b

[{e]

3

o
PRE PRREER PR E bR ;I:j
WWOUr OO N R N W RN

Jan 2 0000 20" 2,430
0520 18 ,
1620 .08
5
1950 .64
2115 .50
2230 .38 -
2335 .32
Jan 3 0250 1.24
0535 1.20
1125 1,12
1536 1.15
Jan 4 0620 1.02
1600 0.98
2245 1.15
‘Jan 5

‘1s, uoo;‘.

24,1400
16,100

‘iga,guo

128


http:2245:1.54

TABLE H-7 (CONTINUED)

SUSPENDED SEDIMENT MEASUREMENT SUMMARY
JRAGUNG RIVER AT BORANGAN BRIDGE

‘Date” . Hour Gage'Height Sample . Suspended Sediment.
ﬂ : L Concentration
m No. mg/l

_The measurements for the 1978-79 wet season were made by
'depth-integrating with a P—Bl sampler at the center of the river

‘Jan & 0040 1.40 agl 5,610 -
- 0200 1,34 395 3,820 -

- OS45 1,25 396 2,880

1100 S 1.12 ag7 .- 1,320

| 1715,f 1,05 398" 110

Jan 8 1830

1.5
1393“ 1,17
'2030 1.11
Jan 9 0130 1,04
- 0635 1.01
1940 1.60
2045 1.62
2155 1.55
Jan 10 - 0045 . ©l.u8
0400 1.34
0730 1.27
1010 1.21
1600 “l.12
Jan 11 - 0620 1.02
1745 1,00
Jan 12 2006 1.21
: 2020 1.27
2126 1.88
2137 1.92
© - 2325 1.65
Jan’ 13 0130
o345

0715




TABLE H-7 (CONTINUED)

~ SUSPENDED SEDIMENT MEASUREMENT SUMMARY
JRAGUNG RIVER AT BORANGAN BRIDGE

'vDéfe”ifg - Hour Gage Height Sample Suspended Sediment
oML Concentration
n No. mg/1

‘The measurements for the 1978-79 wet season were made by
_depth-integrating with a P-61 sampler at the center of the river

Jan 13 .. 2243 2.10 429 13,300
10,900

. 6,620
6,260
2,540
43 2,050
435, - 2,970
B3 .+ 7,870
43T . ~11,900
438 - 8,730
439 1,950,

L]

o
(¢4}
(3]
o

Jan 14 - 0010 .
0287
. 10615

- 1130

1310

145

1550

1920

2400

[ ] L ) >
P e e ]
OL® ©
EEE
w W.w
N

LS

(nra;arlrlnﬁ]of
™

SRR =g B
=
w
~J

1,380
1,440,
3,220
8,680
19,200

20,700
18,400
18,500
15,000
17,300
18,100

' 18,900
13,300
8,320

8,330

Jan 15 0305
0601
1645
1653
1705

1720
1725
1740
1750
1800

1810
1900
2015
2130
2235

.
M OoONN
MO FON

L] * &
OO TONWN

VWOOO ocnoowmwm

S 44660
3,230
. 2,480
442,100

Jan 16 0235
0610
0930 .
1230

- 1825

L ] L]
SN O S en
‘NOF O O

LEEHEEE RPHOND NN NHHEE PRERR BREREEN

. 967

s o
Saee i oug

:fﬁﬁlﬁbﬁ



TABLE H-7 (CONTINUED)

SUSPENDED SEDIMENT MEASUREMENT SUMMARY
JRAGUNG RIVER AT BORANGAN BRIDGE

\ ;Dat;e " Hour Gage Height ' Sample . Suspended Sediment
Ve S ‘ ‘Concentration
m : No". IR mg/l

‘,;. The measurements ‘for the :1978-79: wet season were made by .
g :.-depth-integratmg with a P=61 -‘sampler at"- the center of the river

553,
384

‘130705’;‘5u”

*'Jan 18‘
‘“»,“1515%29xr

faén'1917i£j‘ogoo e et
g
1,730
4,370

’ '090»5" '
- 2125
2350

" Jan 21

Jan 22 - 0400 118 468 " 936 .
0930 - L0 469, - 873
1350 1.05 470 19
Jan 23% , 1200 0.95 W 208 .
Jan 24 °1700 0.93 472 283
Jan 25 0830 0.90" 473, G ew
1445 1.18 s 996
1503 T Lo 475, . 2,510

1550 1,16 476 114,900
1740 1.08" 477 - . 6,200

1930 1.04 478 . 4,040
Jan 26 1730 1.00 479 958
Jan 27 1030 0.99° 480 85

Jan 28 0800 gL

Jan 29 0800
2005

Cowiis



TABLE H-7 (CONTINUED)

. SUSPENDED SEDIMENT MEASUREMENT SUMMARY
JRAGUNG RIVER AT BORANGAN BRIDGE

Date Hour GCage Height Sample Suspended Sediment
Concentration
m No. mg/1

The measurements for the 1978-79 wet season were made by
depth-integrating with a P-61 sampler at the center of the river

Feb 1 0652 0.99 489 1,170
1955 1.68 490 68,600

2005 2.30 491 52,000

2018 2.57 492 50,200

2030 2.83 493 35,900

: 2040 " 2,82 494 33,500
‘Feb 2 0b1s 1.7% 495 21,400
T 0308 1.48 | 496 5,920
0630 1,30 497 . 3,830

0927 C1.21 498 2,830

1705 1,62 499’ 6,160

1722 ©1.82 - £.500° 37,600

1737 2,28 4501 25,600

1750 2,29 502 23,350

2100 1,75 508 10,800

Feb 3 0010 1.s° 50k 6,340
0607 1.24 505 S L8710

1113 1.4 506 7,120

1807 1e0k . 1,800

Feb 5 1523 1:26 " 13,500
Feb 8 1652 0.90 391
Feb 9 0838 0:90. 388
Feb 10 0602 2,420
1910 9,390

1920 8,120

. 1940 17,100

2052 25,000

a7 15,000

5,820

o

- H-132



TABLE H-7 (CONTINUED)

SUSPENDED SEDIMENT MEASUREMENT SUMMARY
JRAGUNG RIVER AT BORANGAN BRIDGE

Date ) Hour Gage Height Sample Suspended Sediment
_ Concentration
m No. mg/1

The measurements for the 1978-79 wet season were made by
depth-integrating with a P-61 sampler at the center of the river

- Feb 11 0110 1.23 518 2,880
0670 1,12 519 1,790
- 1530 1.37 520 5,900
1542 1.39 521 12,300
1830 1.28 522 3,840

2315 1.18 523 1,060

Feb 12 0805 a0 . 52K 1,090
© 1910 125 525 " 1,880

Feb 13 0847 1.08 526 a3
Feb 14 1527 0.98 - 527, 403

Feb 15 0730 0,92 528 ;;ﬁféééf

1855 1.22 529" 5,920
Feb 16 0555 1.04 ';553; fjggggél
Feb 17 0835 0.96 sl 02
Feb 18 1512 0.94 | 321
Feb 19 0637 0.97 594

Feb 20 1745 0.91 210"
2335 1.15 ,
Feb 21 0107 1.10

0605 1.07

Feb 22 0657
2122

B-133



TABLE H-7 (CONTINUED)

SUSPENDED SEDIMENT MEASUREMENT SUMMARY
JRAGUNG RIVER AT BORANGAN BRIDGE

.Dafe ;“‘f “Hour - Gage Height Sample Suspended Sediment
LR ) Concentration
m No. mg/l

'iﬁé,ﬁ#&Sﬁréméhts for the 1978-79 wet season were made by
depth-integrating with a P-61 sampler at the center of the river

Feb 24 0005 o 1.22 Sl 1,490
s 0402 1,14 545 1,318
0710 ©1.10 546 1,340

1810 1.00 547 -~ 323

Feb 25  0Qu5 .21 58’ 4,080

0117 1.3 ;549 14,600
0707. 0.99 550 8HT.

Feb 26 0905 ©0.91 551" 238,
1005 0.8 52 197

Feb 27 0818 0.92 553

Feb 28 0805 0.90 554,

H-134



TABLE H-7(CONTINUED)

SUSPENDED SEDIMENT MEASUREMENT SUMMARY
JRAGUNG RIVER AT BORANGAN BRIDGE

Date - Hour Gage Height Sample Suspended Sediment
S ' ; Concentration
m No. mg/l

‘The measurements for the 1978-79 wet season were made by
-depth-integrating with a P-61 sampler at the center of the river

‘Mar 1 0635 0.90 555 175
‘Mar 2 0620 ~0.88 556 146

Mar -3 0600 0.87 557,

Mar 4 0630 558
‘Mar 5 0600 '

Mar 6 0115

0840
2110
Mar 7 0730
1405
1505
1605
1905
2205
Mar 8 0105
0410
0620
1450 ;
1600 1.30 3,920
1730 1.27 3,640
. 1915 1.23 3,190
2105 1.60 . 9,310
2400 -;1g35y' '55670
Mar ”59 \ ‘0900 6 3,150
Lo 0600 2,620
.-1500" 1,330
, : 1,400
582 1,080

p435



TABLE H-7 (CONTINUED)

SUSPENDED SEDIMENT MEASURMENT SUMMARY
JRAGUNG RIVER AT BORANGAN BRIDGE

lﬂiﬁétﬁ? :}iﬂ'Hour o Gage Height Sample  Suspended Sediment
N : Concentration
m No. mg/l

fﬁgThe‘ﬁeééurements for the 1978-79 wet season were made by
. .depth-integrating with a P-61 sampler at the center of the river

CMar 11 0620 0.98 583 511
. Mar 12 0610 10.98 - T uer
“Mar 18 0610 11.00 . 585 559
Mar 14 . 0§25 0.93
Mar 15 1230 1.3
1245
1515 »
Mar 16 0800 0.94
Mar 17 0600 0.90
- 2000 1.29
2100 1.40
Mar 18 0630 1.15
Mar 19 0800 0.99"
Mar 20 0600 0.98
Mar 21 0030 , 1.10
0800 1.06
Mar' 22 0830 0.96

Mar 23 0720

Mar 24 0715
: - 1245

- 0715




TABLE H-7 (CONTINUED)

SUSPENDED SEDIMENT MEASUREMENT SUMMARY
JRAGUNG RIVER AT BORANGAN BRIDGE

Hour Gage Height Sample Sﬁspended Sediment
: Concentration
i . No. mg/1

Themeasurements for the 1978-79 wet season were made by
. depth-integrating with a P-61 sampler at the center of the river
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TABLE H-7 (CONTINUED)

SUSPENDED SEDIMENT MEASUREMENT SUMMARY
JRAGUNG RIVER AT BORANGAN BRIDGE

‘7Date¥"j Hour Gage Height Sample Suspended Sediment
EE : Concentration

m No. : mg/l

f'Thg measurements for the 1978-79 wet season were made by
. depth-integrating with a P-61 sampler at the center of the river

Apr 1 0300 - 0,99 610 1,570
. o645 1,02 611 T
1510 1,02 C612 1,340
1640 " 1.06 L7618 ~’2,080°
1835 1,02 . 614 1602

Apr 2 0§05 0,99 e . 528
2305 L6 o818 802
2340 R e 2,450

Apr 3 0115 a2 S p18 1,960
1110 1,03 619 +1,530

Apr 4 0710 ) 8200
0720 . 1,52 621
0740 1,53 e 6220
0850 L.uy - 623
1100 1.30 -1
1405 1.20 . .825%
1910 1,27 7626
1945 1.34 - 627

Apr 5 0110
0125
0140
0155
0230

03! .
050
0600
0710
1116

1725
1930

A . . e
FE GO0 Eaooie
CoO mowWNUY wowmoOo

B FPHFRRE DD DN
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TABLE H-7 (CONTINUED)

- SUSPENDED SEDIMENT MEASUREMENT SUMMARY
JRAGUNG RIVER AT BORANGAN BRIDGE

: ﬁétéf* " Hour Gage Height Sample Suspended Sediment
s R 4 ‘ . " Concentration

" The measurements far the 1978-79 wet season were made by
~depth-1ntegrating with a P-Gl sampler at the center of the river

apr & 0810 100 o 1,730
1720 2.70° “6hl, '28,700
1730 3.00 " 42 26,200
1735 315 643, 132,100
1740 8,30 o Buy +,27,800..
1805 '3.40 }fsysf - 26,500
1810 18,30 646 27,200
1905 12,30 M7 34,200
2030 1,90 648 14,600 -
2215 1.60 649, 9,670
Apr 7 OW5 1.40 650 5-11 gooﬁ'
0640 1.25 651 18,220
1820 1.08 1652 : -
1900 1,148
2000 1.38
2310 1.20
Apr 8 0700 1.12
1745 1.02
2345 1.34
Apr 9 0055 1.72
0205 1.55
0720 1.36
1745 .10
1845 1.50
2055 1.38
Apr 10 0615
1850
‘Apr. 11 0620 .
T oees
2135

2335




TABLE H-7 (CONTINUED)

SUSPENDED SEDIMENT MEASUREMENT SUMMARY
JRAGUNG RIVER AT BORANGAN BRIDGE

;;ﬁéfeﬂff‘v ~Hour Gage Height Sample Suspended Sediment
DT R - Concentration

m No. mg/)

 ‘Thé3meaBurements for the 1978-89 wet season were made by
. depth-integrating with a P~61 sampler at the center of the river

671 23,700
672 /10,700

. 673 754260
674 £ 8,890
1675 1,280

" Apr 12 0037

0242
- 0408
- 0657
1822

B
*.. o @
ONWIF®
DFNOW-

676 U B,430°

877 30300

. 678 121,400
679 22,900
680 21,600
681 5,140
682 10,300 -
683 165680
684 . 3,680
685 113,800
686 '15,200
687 115,100 -
688 :22,300
689 '31,600 "
690 26,400 .
691 22,500. "
692a 18,200.
692b Ll

693° 12,800 -

Apr 13 0010 L
0020 1

0055 2

0100 v
0130 20
1l

1

1

‘WO~
S0 0o0o.

0230
0330
0430 g
0740 1.
1730 1
1755 1,
1810 1.
1825 2.
1840 2.
1855

2

1910 2
2007 1.
1

1l

*
N w3
O ONO U

ENgo
OO FO

= oW
'

2112
2240

L 2
(& I |
NO ®

694 - 8,880
695 6,490,
696 ; 2,860
697" :9,180
698 15,000

Apr 14 0025 1.
0310 1.
0757
1658
1717

1l
1l
1l
1807 .
1.
1

SO N W E
CAIN G N

2137
2245

*
S W
S w0

AP?;fls ' 65°7f'
SR 1722

Ul vt
.

B =3
0 o
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TABLE H-7 (CONTINUED)

"SUSPENDED SEDIMENT MEASUREMENT SUMMARY
JRAGUNG RIVER AT BORANGAN BRIDGE

vvJ?LfHOUr Gage Height Sample Suspended'Sediment
. . Concentration
m Yo, mg/l

;ﬁThéfméaéﬁiéhéntégfor the-1978-89 wet season.were made by
erpth-integrating'withfa_Pfﬁlﬁsamp;erat‘the‘center of the river

Capr 16 16H7 -
apr 170707,

App 18 0608

Apr 19 1537

Apr 20 0737

2045
Apr 21 1637 0.96
2227 1.15
Apr 22 2005 ©1.00
2045 1,21
2205 1,17
2300 1.26
Apr 23 0832 1.09
1737 0.99
Apr 2u 0823 0.96
1827 0.94
Apr 25 0710 0.96
Apr 26 0823 . 0.94% -

Apr 27 0807
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TABLE H-7 (CONTINUED)

SUSPENDED SEDIMENT MEASUREMENT SUMMARY
JRAGUNG RIVER AT BORANGAN BRIDGE

ﬁn&%éwu=;; Hour Gage Height Sample Suspended Sediment
LT : Concentration
m No. mg/l

fThe measurements for the 1978-79 wet season were made by
'depth-integrating with a P-61 sampler at the center of the river

Apr 29 0810 0.89 729 213

hpr S0 0805 0.2 . 730 ' 207
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TABLE H-7 (CONTINUED)

" SUSPENDED SEDIMENT MEASUREMENT SUMMARY
JRAGUNG RIVER AT BORANGAN BRIDGE

ffHdur : Gage Height Sample Suspended Sediment
R Concentration
m No mg/1

4. The: measurements for the 1978-79 wet season were made by
'tggdepth-lntegrating with a P-61 sampler at the center of the river

‘:ﬂd705f' iﬁ : 0.88 731 C uuo

207085 130 . . 732 190
055 " 1,07 733 1,510

41 73u@ R U

36 - 735" 21,900 <
.99 736 245200 e
54 137 24,200 -
32 738" 18, 900»

5 739" ‘a0
6 40 - 1,870
May 4 0715 10.96 ML DT
May 5 0825 0.90 T42 - 1282
1435 1.80 743 8,040
1450 1.80 T4y 8,700
1555 1.43 745, 12,900
1735 1.24 746" 07,220

May 6 0710 1.05 ‘7y?g' . fg;y‘g}»

May 7 0605 0.99 748
| 1815 0.96 7hs

May 8 0615 0.91 750

May 9 0705 0.88
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TABLE H~7 (CONTINUED)

SUSPENDED SEDIMENT MEASUREMENT SUMMARY
- JRAGUNG RIVER AT BORANGAN BRIDGE

‘;;Datéié3;“ Hour Gage ﬁeight Sample Suspendéd Sediment
N IR ) Concentration
m o No.- mg/l

N

'..The measurements for the 1978-79 wet season were made by
depth-integrating with a P-61 sampler at the center of the river

‘May 12 0825 C0.98 . 758 335

May 13 0805 0,90 758 Cooss
‘May, 14 0805 7_;°?§8 {-7663 T
Wy i ows oo o

May ‘17 0715- o
'/' ‘ N 1

May 18 0740

7

May 19 0805

May 20 0820
2205

‘
L]
1.

0
e
89
30
55
.65
60
48
40
30

May 21 0605

2

May 22 0620
1535
1550
1605
1630

1740
1840
1955

L N

HHEE HEREO

May 23 0015
. 0805
1535
1720
1835

2005 2

i

LI
W £WNO

e
O ONFE




TABLE H-7 (CONTINUED)

SUSPENDED SEDIMENT MEASUREMENT SUMMARY
JRAGUNG RIVER AT BORANGAN BRIDGE

 A Date o Hour Gage Height Sample Suspended Sediment
e - Concentration
m ' No. mg/1

| The ﬁeasﬂremenfs for,the_1978979 wet season were made by
depth-integrating with a P-61 sampler at the center of the river

“May 24 0805 . . 1.09 . .- - 78 . 2,610
ST 1805 et ed00 e e --786 0 . 1,260
987 e agy

May 25 ° 0605 - 0.4 5 Y

1735 Cowl

May 26 0835 G.ea
17180 . e

May 27 osos ‘0,86 Ai
May 28 0805 o7
May 29 0635 0.87
May 30 0705 0.88
May 31 0635 0.85

1005 1.10
1205 1.01




TABLE H-7(CONTINUED)

~ SUSPENDED SEDIMENT AND DISCHARGE
MEASUREMENT SUMMARY
JRAGUNG RIVER AT BORANGAN BRIDGE

Suspended
Date Hour Gage Sample Velocity .Discharge Sediment
Height Concentratio;
m No. m/s m3/s mg/l
bDry season measurements made in 1978 by wading and using a DHu8
sediment sampler
May 2 1000 1.15 1 1.06 9,53 1,330
.5 1600 1.00 2 0.53 2.56 1,210
8 1115 0.90 3 0.u49 1.58 luy
11 1250 0.90 4 0.42 1.54 171
15 1015 1.20 5 1.08 12.03 1,420
18 1230 1.05 6 M . W2 397
22 1100 1.05 T ' : 3.74 : 389
.25 1000 0.94 8. , l.64 366
31 1100 0.85 - 9 . 0.30 206
Jun 1 1015 0.97 .98 323
5 1100 0,98 92 372
7 1200 0.90 .97 256
13 0819 0.86 /55, 230
15 1022 0.93 +20 521
19 1445 0.90 67 259
22 0930 0.88 .48 138
27 1030 0.92 <19 300
29_ 0810 0.90 *557. 167
wJul 4 1130 0.90 200
6 1030 0.89 287
10 0950 0.97 150
12 1100 1.10 989
17 1040 0.91 388
20 1100 0.85 47
24y 1055 0.86 162
27 1000 0.83 69
3L 1038 0.84 78
‘Aug 3 1015 0.95 - 200
7 1020 1,13 1,620
© 10 . 1035  0.86 150
o lM i 21086 0,82 111
21015 0.89 133
257071015 . 0,84 133
.28 2 .+.1100. - 0.79 89
0.79 122

81 1058-
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TABLE H-7 (CONTINUED)

SUSPENDED SEDIMENT AND DISCHARGE
MEASUREMENT SUMMARY
JRAGUNG RIVER AT BORANGAN BRIDGE

(Cont.)
e Suspended
‘Date Hour Gage Sample Velocity Discharge Sediment
Height Concentration
m No. m/s m3/s mg/1
Dry season mzasurements made in 1978 by wading and using a DH48
sediment sampler
Sep 7 1100 0.94 36 o.us 1.46 687
8 0900 0.90 37 0.39 1.04 322
11 1213 1.03 38 0.82 5.06 1,230
14 0940 0.90 39 0.33 0.88 255
18 1205 0.89 40 0.32 0377 8
21 1030 0.85 - b1 0.25 0550 es
26 1115 0.86 42 0.25 0355 300
28 1130 0.83 43~ 0.21

0434 103
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TABLE H-8
SUSPENDED SEDIMENT CALCULATIONS

JRAGUNG RIVER AT BORANGAN BRIDGE

‘Gage Water Sediment Sediment Time Sediment Accumulated Water Accumulated
Date [Hour [height discharge | concentra- discharge | increment discharge sediment discharged water
m m>/s tion mg/1 keg/s min _kg_ kg m3 =3
1 Feb|0800 | 0.98 1.95 1,100 2,15 '
1979 ‘ 460 50,091 47,395
1540 | 0.95 1.48 1,000 1.48 50,091 47,395
. 180 15,194 15,993
1840 | 0.95 | 1.48 900 1.33 65,285 63,389
60 7,249 7,516
1940 | 1,02 2:69° | 1,000 2:69 , 72,535 70,905
Lo : " 15 - 1,088,747 17,077
1955 { 1.68 35,26 68,550 0 2,416.74 SR 1,161,283 87,983
' . , , - 10 2,359,212 41,991
2005 | 2.30° |104.72 152,020 ' 5,447.30 - . . 3,520,495 129,974
oo . 13 5,017,108 98,438
2018 | 2.57 [147:69: :1°'50,220 © 7,417,08 , 8,537,604 228,413
e S : . ' 12 5,214,787 123,971
2030 | 2.83 |196; 35,940 7,068.44 13,752,392 352,384
RO 10 4,076,174 117,396
2040 | 2.82 194.65 133,490 6,518.81 17,828,567 469,781
Tl TR : L 80 24,526,835 773,423
2200 | 2.45 127;61"€<929;Q00 ' 3,700.70- = 42,355,402 1,243,205
' [N R -1 - 60 110,510,037 383,649
2300 | 2.16 85.53 25,000 2,138.21 | .- 52,865,439 1,626,855
B B R 75 6,751,234 283,020
2 Feb{0015 | 1.74 40.26 21,620 . 862.36 I ) 59,616,674 1,909,875 |j
1979 SR R SERER 78 2,825,287 156,138
{0130 | 1,60 29.14 13,500 ok 393,34 ) 0 62,441,961 2,066,014
B 1 o 98 1,524,060 147,762
0308 | 1.48 21.12 5,920 125,05 | \ : 63,966,021 2,213,776
S - 202 1,027,571 198,628
0630 { 1.30 11.65 3,820 - 44,52 64,993,592 2,412,405
90 206,203 58,342 i
0800 | 1.26 | 9.95 3,200 31.85 65,199,795 2,470,747 I‘




TABLE BH-9
WATER AND SEDIMENT LOADS

JRAGUNG RIVER AT
THE BORANGAN BRIDGE

i Water Suspended Sediment
Date = 3
4 m kg

November 1, ST 9
2 ‘ a6k 52
- 63,800 412,000
4 57,200 199,000
57 183,000 3,280,000
6, 51,900 152,000
7 . 28,800 42,400
8 181,000 3,640,000

.9 72,300 ‘203,000 .
10 30,300 49,000
1 25,800 14,400
12 18,400 .. 3,840
13 15,300 L 2,730

14 13,800 ©7 1,350

15 185,000 5,430,000
16 27,300 . 91,000
17 5,180 1,970
18 5,180 1,900
19 4,030 1,900
20 © 33,100 177,000
21 7,060 5,130
22 10,200 10,100
23 7,060 3,530
24 5,180 2,590
25 25,000 352,000
26 15,300 63,600
27 2,300 1,320
28 864 360
29 115,000 2,290,000
© 30 65,900 194,000
Total 1,256,000 16,620,000

1/ The values of water and sediment load for the calendar day listed
above are those occurring from 0800 hours on the day listed to

0800 hours on the succeeding day.
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TABLE H-9(CONTINUED

WATER AND SEDIMENT LO.

JRAGUNG RIVER AT
THE BORANGAN BRIDGE

Date o SRS Water Suspended Sediment
"i"':¢75‘ﬂf p m3 . kE,
December 141977 205,000 2,860,000
ST SR 481,000 13,700,000
S . 209,000 1,590,000
Sl - 345,000 9,300,000
5 126,000 566,000
- 424,000 5,520,000 -
o7 380,000 - .'1,760,000
8" © 148,000 43,100
"9 .91,400 St 8,340
10 76,400 . 5,100 7 ¢
11 71,700 S u 600 =
12 64,200 S *aa100
13 61,500 ’g..y. 2,020
14 170,000 ..~ 1,370,000
15 63,800 L 19 3001'
16 208,000 ;.]1 930 000 ' -
17 87,500 L 436,700 .
18 56,200 . 54850 " -
19 43,300 2,320
20 36,600 ‘.“,5411,3305:“

*11,5“20' L

21 30,500 ; |
22 276,000 ,280,000
23 158,000 7 468,000
24 280,000 ...2,060,000°
25 122,000 787,600
26 62,900 1,520
27 56,700 69,900
28 171,000 1,690,000 .
29 150,000 1,020,000 -
30 1,160,000 30,700,000
31 3,560,000 309,000,000
Total 9,377,000 . . . - 386,073,000

1/ “The ‘values of water and sediment load for the calendar day listed above
" are those occurring from 0800 hours ‘on: the day llsted to 0800 hours on
- the succeeding day. :
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TABLE H-9(CONTINUED)

WATER AND SEDIMENT LOADS

JRAGUNG RIVER AT
THE BORANGAN BRIDGE

Waten " Suspended Sediment

mS . o ' kg
1,470,000 " 54,400,000
350,000 © 1,340,000
169,000 139,000
581,000 - 9,900,000
225,000 387,000
75i37s,ooo - 2,040,000 -
- 294,000 © 1,030,000
165,000 . 63,600
818,000 9,780,000 -
275,000 " 370,000.
11 194,000 /249,000
12 . 238,000 ~ 306,000 -
13 700,000 3,520,000 .
14 484,000 1,740,000
15 280,000 - 586,000
16 . 470,000 4,870,000
17 166,000 ' . 7 83,900
18 146,000 - . 55,000
19 880,000 14,900,000
20 1,110,000 " 23, 300,000
21 396,000 i ] 797,000 -
22 300,000 204,000
23 1,770,000 ~'29,600,000 -
24 374,000 952,000
.25 750,000 " '8,720,000.
26 910,000 3,860,000
27 462,000 . 827,000
28 369,000 117,000
29 226,000 63,700
30 330,000 894,000
-3 331,000 184,000
Total 15,619,000 - 175,078,000

1/ The values of water and sedlment load for the calendar day listed above '
- are- those occurring. from 0800 hours on the day listed to 0800 hours on
- the succeedlng day.,':h'; Do
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TABLE H-9 (CONTINUED)

WATER AND SEDIMENT LOADS

JRAGUNG RIVER AT
THE BORANGAN BRIDGE

Date !{$ " Water " Suspended Sediment
February 1,. 1978 - 4,340,000 : 165,000,000
N R + . 1,300,000 . 35,100,000
-3, 431,000 4,750,000
oy 260,000 ' 570,000
-5 860,000 , - 12,700,000
6 .+, 813,000 ‘ 446,000
A + 201,000 . 149,000
'8 ~"158,000 . 61,500
9 T 240,000 S 485,000
10 . 381,000 2,440,000
11 290,000 © .+ - 606,000
12 © 295,000 1,210,000
13 .. 206,000 - 190,000
1y 95,700 26,500
15 1,070,000 21,800,000
16 390,000 - 1,010,000
17 391,000 866,000
18 167,000 87,100
19 . 94,100 29,400
20 2,850,000 149,000,000
21 2,150,000 - 47,100,000
22 2,440,000 61,600,000
23 606,000 1,910,000
24 342,000 480,000
25 262,000 T 222,000
26 425,000 h 665,000
27 346,000 ©..210,000 -
28 398,000 " uiBQO!OOO
Total 21,301,800 o 513,583,500

1/ The values of water and sediment load for thefééléhdar?day listed above
are those occurring from 0800 hotirs on the day listed to 0800 hours on
'the'succeedipg day. ‘ R ST e :



TABLE H-9 ( CONTINUED)

WATER AND SEDIMENT LOADS

JRAGUNG RIVER AT
THE BORANGAN BRIDGE

Water - Suspended Sediment

SRS PP A o_md o kg

‘March 1, 1978 .-273,000 317,000
20 266,000 ' 168,000

:1409,000 1,860,000

- 722,000 5,480,000

1276,000 368,000

mu&[fﬁf

346,000 +1,024,000
633,000 8,487,000 -
296,000 - 360,000, -
317,000 © 821,000
- '569,000 ~7.,8u8,000

Comum aEwn

11 316,000 - 248,000 -
12 163,000 R

13 134,000
- 122,000
15 228,000

16 " 188,000 ¥
17 141,000 )
18 482,000 . 427,000
19 302,000 +:.151,000
20 365,000 /3,362,000

21 675,000 3,041,000
22 1,034,000 4,372,000

23 447,000 . 634,000
24 351,000 . 324,000
25 189,000 81,700 -

38,500 .
721,500
26,500
.. 18,500
8,480

26 131,000

27 125,000
28 - 134,000 -
29 114,000
30 94,200

1 73,200 3,110
- Total " 9,915,000 - 33,007,000

fi/fThé values of water and sediment load for the calendar day listed above
©.- are those occuring from 0800 hours on the day listed to 0800 hours on
- the succeeding day. '
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TABLE H-9(CONTINUED)

WATFR AND SEDIMENT LOADS

JRAGUNG RIVER AT
THE BORANGAN BRIDGE

Water Suspended Sediment

m3 ' ‘ kg
66,000 - 1,880
©714,200 1,060
.316,000 950,000
261,000 270,000
:129,000 24,400
6 -87,300 . .6,810
ST 133,000 Tooug K
c8 . 87,000
9. - 74%,100
10 81,000
11 113,000 e v
12 1,146,000 /29,1465, ooo;i
13 551,000 -°1,4133000.
1y 997,000 ,21 094,000 .
15 243,000 i uao ooo:,
16 133,000 F[198 ooo;.
17 100,000 ;126,000
18 80,000 ©.190,000
19 74.,500 148,800 -
20 82,200 o 22,990_~
21 158,000 ?ﬁeae 000
22 73,200 109,000 - .
23 70,600 o '
24 71,300
25 75,400
26 95,000
27 64,500
28 55,800
29 55,800 3 o
30 202,000 995 000
Total 5,750,000 5,560,000

1/ ~The values of watep and sedlmpnt load for the calendav day listed above
T .are those occuring from 0800 hours on the day llsfed to 0800 hours on
fan the succeedlng -day.

- B-154



TABLE H-10

Water and Suspended Sediment Discharge
Jragung River at the Borangan Bridge

October 1978

’1563i§ Volume Weight of
SR of Water Suspended Sediment

m kg
28,800 25,800

1
' l}27 .o 20,800 11,800
K X,337 000 s 35 ,700, 000'
5

245,000 290,000
81,600 24,000 -

6 ‘[:57’400  1 ~8 820}7
7 55,800 - 8,090
8 . 55,800 16,970
9 © 38,400 22560
0 26,500 [ 350 ;.

11 18,400 ngz 070 -
12 18,400 2,260
13 16,000 ~_1 »620
14 12,500 - 1,910 -
15 22,200 127,100

16 26,900 »;33,600*'
17 20,300 3,890
18 61,700 118,000
19 65,700 39,100
20 112,000 146 ooo;

21 266,000 }817 000»}
22 173,000 - 177,000
23 67,300 23,600'.]
24 40,000 10,000
25 31, uoo 76,090 .

26 64 sooi‘_ 41,200 -,

27 . 81,300 . 30 »700"

28 45,100 7,190 -
29 ‘31,400 23,490
£ .80 28,500 9 690_

e +1,081,000, 11,152,000

4,310,800 48,732,300
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TABLE H-10 (CONTINUED)

Water and Suspended Sediment Discharge

. Jragung River at the Borapgan.Bridgé

November 1978

Volume
-of Water

_ 3 -
SR IS,
224,000 -
148,000 -

94,600

97,600
179,000.'

173,000
- 588,000
196,000
155,000 -
117,000

115,000
88,000
75,000
73,200
87,000 .

66,900
35,800
91,200
90,100
55,400

32,700
34,400 -
29,700 .
26,900
21,800

Weight

Suspended Sediment

kg

360,000
116,000
47,500
49,900
a4 ,000

537,000
8,000,000
261,000
144,000
59,100

37,300
16,900 -
10,800
8,130 -
33,000

16,200

13,540
169,100

13,100 -
11,900

6,740
5,050
03,8100
3,650




TABLE H-10 (CONTINUED)

Water and Suspended Sediment Discharge
Jragung River at .the Borangan Bridge

December 1978

N EWDN lif

WO

Volume Weight o
of Water Suspended Sediment
- 3 ke Lo
11,300 1,110
. 646,000° . 6,757,000
°576,000" 3,509,000
~192,000 270,000
- 161,000. 176,000
225,000 362,000
256,000 284,000
© 373,000 - 1,270,000
219,000 203,000
130,000 52,300
143 ,000 91,900
221,000 426,000
298,000 740,000
259,000 797,000
165,000 116,000
226,000 205,000
178,000 - 111,000
81,700 24,300 -
73,200 17,100 -
62,000 12,600
132,000 215,000
745,000 4,403,000
770,000 1,800,000
309,000 393,000 -
215,000 304,000 -
155,000 73,800
118,000 .7 37,500
1,956,000 :. 30,177,000
1,244,000 i 22,498,000
288,000 4. 6984000
374,000 694,000
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TABLE H-10 (CONTINUED)

Water and Suspended Sediment Discharge

Jragung River at the Borangan Bridge

Ja.:ua_r_y_ 1979

" Day- Volume Weight
R of Water Suspended Sediment
3 ) .
S m _ kg
ERR RS - 746,000 - 4,640,000
B et 853,000 10,047,000
] 401,000 811,000
4 299,000 344,000
5 1,002,000 - 9,465,000
6 285,000 . 340,000
7 144,000, 100,000
8 © 227,000 - 594,000 -
9 1,088,000 6,091,000
10 1424 ,000 546,000
11 194,000 108,000
12 1,139,000 9,480,000
13 1,948,000 13,603,000
14 1,079,000 3,437,000
15 3,174,000 38,919,000
16 781,000 1,333,000
17 389,000 338,000
18 200,000 ©..81,200
19 151,000 . 47,100
20 155,000 135,000
21 504,000 +-1,057,000
22 245,000 St 88,100

23 128,000

2 © 109,000

25 286,000

26 - 186,000

27 191,000

28 146,000 63,8

29 386,000 1,108,000

30 234,000 +7201,000°

o8 234,000 ", 994,000

17,328,000 105,779,500
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TABLE H-10 (CONTINUED)

Water and Suspended Sediment Discharge
Jragung River at the Borangan Bridge

February 1979

nEBN l'g :

OWOMIOo

‘H-159

Volume Lo “Weight
.jof ‘Watep. - Suspended Sediment
SRR PP _
-'2,471,000° 65,200,000
1,653,000 19,836,000 .
) ;307 000 - 650,000
86,500 40,500
251,000 ° 1,815,000
}‘155 ooo~ 56,300 '
122, 000 24,400
- "178, ;900 27,100
' 53 ,800 L0 17,800
828,000 ‘11 255 000
744,000, 3 202 000”
466,000 , 651 000«
275,000 "225,000,
146,000 . 91,800
305,000 S 315 ooo,
199,000 307 000_
141,000 49 3007
134,000 - 57,600
117,000 42,100.
191,000 231 000}
201,000 60 500 
217, 000 686 000‘
424,000 o 1 oLl 000,
283,000 | ;~851,000 ,
131 000 T 70,700
91 ooox S 17,700
£200; © 13,000
12,000
" 107,849,600



TABLE H-10 (CONTINUED)

Vater and Suspended Sediment Discharge
Jragung River at the Borangan Bridge

March 1979
Day V¢ lume Weight
of Water Suspended Sediment
—_— m3 kg

1 64,500 9,670
2 51,900 6,830
3 15,600 15,700
4 88,600 21,400
5 153,000 232,000
6 326,000 544,000
7 1,747 ,000 28,517 ,000
8 976 ,000 4,996 ,000
9 575,000 1,071,000
10 253,000 208,000
1 169,000 £4,100
12 185,000 109,000
13 141,000 65,900
11 88,600 17,700
15 358,000 5,597,000
16 92,600 282,000
17 566,000 7,512,000
18 313,000 482,000
19 174,000 109,000
20 242,000 529,000
21 224,000 557,000
22 107,000 36,700
23 64500 18,100
24 197,000 529,000
25 105,000 26,500
26 64,300 17,100
27 51,900 10,300
28 48,000 9,440
29 74,300 46,800
- 30 56,100 22,300
81 84,100 ‘ 52,400
7,656,000 51,745,940
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TABLE H-10 (CONTINUED)

Water and Suspended Sediment Discharge
Jragung River at the Borangan Bridge

April 1979
Day Volume Weight
‘ of Water Suspended Sediment
1 229,000 167,000
2 246,000 322,000
3 237,000 891,000
4 2,668,000 40,475,000
"5 1,378,000 11,799,000
N3 3,072,000 67,460,000
7 625,000 3,606,000
8 910,000 7,182,000
9 669,000 2,848,000
10 310,000 508,000
1 1,144,000 20,757,000
12 1,326,000 19,192,000
13 1,631,000 24,072,000
1 922,000 5,853,000
15 306,000 257,000
16 576,000 5,357,000
17 264,000 255,000
18 148,000 87,000
19 129,000 54,400
20 243,000 259,000
21 284,000 207,000
22 k44,000 683,000
23 207,000 153,000
24 106,000 38,300
25 88,600 39,100
26 152,000 58,600
27 171,000 801,000
28 79,600 14,500
29 93,000 49,100
30" 73,800 21,700
18,732,000 213,767,700
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TABLE H-10 (CONTINUED)

WATER AND SUSPENDED SEDIMENT DISCHARGE
JRAGUNG RIVER AT THE BORANGAN BRIDGE

MAY 1579
Volume Weight
Day of Water Suspended Sediment
. m> kg
1 116,300 87,800
2 985,000 18,918,000
3 329,000 1,452,000
4 107,000 43,200
5 614,000 4,019,000
;*féy 252,000 265,000
1 139,000 73,300
-8 84,600 , 20,400
9 126,000 606,000
10 156,000 570,000
11 162,000 1,554,000
12 88,600 26,000
13 643500 13,200
14 64,500 23,100
15 57,800 . 23,100
16 37,600 o 5,340
17 31,500 3,740
i8 28,500 - 700
20 328,000 © 837,000
2i 127,000 , 90,400
22 598,000 = 4,211,000
23 636 ;000 15,083,000
24 192,000 : 276,000
25 81,300 28,800
26 47 ;300 18,500
.27 4i4 ;500 ‘ 26,700
28 48,000 24,200
29 51;900 11,600
30 4i¢ ;500 10,900
E I 178,000 541,000
Total 5,843,600 48,882,140

H-162



TABLE 1l-11

STATION RAINFALL

The values of rainfall given in these tables‘are for the period
from 0700 hours on the previous day tozo700 hours'on the day listed.

from;shraingages
X these are as

The bas:n rainfall;,s,obtaine gb using»th
Qwithin the basin. ThefTheissen weighting fact Y
follows: T R S

Thelssen weighting

Stafiéﬂ;!fi:; factors
Jimbaran 5 .1eue
Karangjati | 1185
Klepu ' ";579¢w
Jatirunggo ,;ﬁ£é :
Sambiroto ,.5§ﬁéﬁf

H-163



TABLE H-11
(Cont.)

1976 RAINFALL
(tm)

JATIRUNGGO

- =

L ]

L ]
L I IR 0~°°
- L] > L L d - L] * *

2% i 20 A
%6 21 .
27 o .
28
29
30
31 4

N

=

%Y

N

(3]

[¢,]

[N

&

SR W
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TABLE H-11
(Cont.)

1977 RAINFALL
(mm)

JATIRUNGGC

NN eFrFRrFO©

1, 3 . . 2 . i
o . ' 1 9 . <
13 . 3 . . L[] L[] [ ]

14 3 45, . oo ‘

15 12 6 € . ' : .

18 2 . . . .

17 . . 2 . . . o

18 9, .t

19 2 . 13 ° . . 6

20 . . 32 . . . .'

B S e 'Y >

Total 179 . 275;



TABLE H-11
(Cont.)

1978 RAINFALL
(mm)

JATIRUNGGO

Day JanE‘ehHar Apr May Jun Jul_v‘&g;".‘Sep Oct Nov Dec

N ‘.‘l .,-o"" o . ‘im. ‘.
Ny o )

30 . 14
a .

Total 358 327 211 146
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TABLE H-11
(Continued)

1979

RAINFALL

(mm)

JAT

May

IRUNGGO

June Jul Aug Sep Oct Nov

10

..
.
Y
[ ]
.
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TABLE H-11
(Continued)

1976 RAINFALL
(mm)

 JIMBARAN -

CCONOTEWLN

3
11 5 .
12 v,
13 . 30
4 u .
15 1 .
16 1 .
17 1 1
18 6 U5
19 1.
20 19 1
21 12 .
22 10 1
o . [
2U 3 8
25 6 21
26 39 .
27 . .
28 2 u
29 5 3
30 .
3 .

'I’otqlfj_?’?? - B 3

* o e o

K
. )
. .
L : .
. .
[} .
. .
. -0
3 .
[} .
[} [
. .
. .
[] ’
. l
[} '
. .
.
.
. -

'H-168

o o "6 e e o’llo . e e ] 3
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TABLE H-11
(Continued)

1977 RAINFALL
(mm)

JIMBARAN

12 2
13 2
14 1
15 12
16 .
17 1
18 10
19 1}
20 .
21 .
22 82
23 2
24 .
2h .
26 u5
27

28 .,
29 2
30 2
31 .

Total 232

10 10
a8 7

3 30
. 7
. 18
L[] 2
* . 9

3 55
. 2
. 1
. 10
Ly 33
15 2
28 13
L] ' 7

254 ' 367 -1

« o ¢ o s s o
e s » =
e s s o o ': - ..:A . e
S P S

(WIS SN

113 227
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TABLE H-11
(Continued)

1878 RAINFALL
(mm)

JIMBARAN

‘Jéﬁj'vfébffiﬂévflepr_vaayb Jun . .Jul Aug Sep " Oct Nov Dec

CLOUD G E WN

  "1.».'~'°.?- o« ®

o
ERY

11 . 23
12
13
14
15
16
17 . 7 .
18 . . 55
19 23 .
290 1 56 .

S e

wn
r F

Q@ NN OO
8-
w
w

21 25 10 57 2
22 2 L0 3 .
23 27 . 10 .
2u 19
25 10
26 5
27 5
28 9
29 ’
30 .
31 .

a ® o o ® |t o
N

Total 263 461 191 101 241 13
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TABLE H-11
{Continued)

1979 RAINFALL
(mm)

JIMBARAN

23

COBDIONEWNM

=)
=

N b s b g fs s s
COV@WUBAEGDN
L ]

)
N
*

NNy
s w

NN
o w
NN

27 .
28 1
29 35
30 .
31 5

Total 288

163

189

225

o Jun Jul Aug Sept Oct Nov

.
Y
..
*

-
- ¢ v & »

W~
- - L 3 > > - L3 - ' [ 3 >

p-171



TABLE H-11
(Continued)

1977 RAINFALL
(mm)

JRAGUNG

. 2 3 [ ,i . H .
12 3 7 . 6 53 . ‘ b
13 2 ) 3 . . - é LB
14 1 3 13 . L 7 ‘ Ve
15 15 . 17 . ’ . . T
16 . . a5 . . . B :
17 . . 10 . . - 8.
18 21 . 71 30 ‘ . : ‘
19 . 17 . . . : ‘
20 3 13 . 15 . . . B
21 2 . 2 . N :
22 45 . 11 133 é i
23 . e 2 / . L8
24 1 12 . N H
25 . 59 . ‘ :
26 g 24 . 8 ]
27 . N 3 . Ll
29 . R . . Ky © 3
30 10 . . @ ’ )
3 . . .
Totul. 191  :313. 376 246 311
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TABLE H-11
(Continued)

1978 RAINFALL
(mm)

Oct Nov  Dec

2 .
16 12 70
: 7 10

16 68 3 17 . . 1 . 25 : 39/

17 * Ll . - L[] 3 L) » 2 ) .,

18 1 2 2 . 1 . S . 2 : 0 :

19 65 62 . . I . . : 1

20 9 28 . . . 5 ) 1 . T

21 6 13 4 21 9 3 . . 40- 13 . ;
22 4 . 10 . 1 . 1 . 5 1 :
23 . 3 7 3 . . . .

24 . . y . . . . .

25 36 15 . 2 7 . . .

26 28 . 2 26 y 1 . .

27 10 . 2 . 25 . .

28 8 . 2 . . . .

29 4 . 1 . y 2 .

30 ug . . 1 1 1 .

31 5 . . . 29 . .

Total = 415 367 1% 192 219 115 101



TABLE H-11
(Continued)

1879 RAINY... ,
(mm)

JRAGUNG

Day Jan Feb HMar fpr Yay Jun " Jul Aug Sep Ot Nov

1 38 26 18 g .

2 18 21 1 . 26 .

3 4 . 1 . . .

4 2 . . 50 . .

5 . 30 . . 77 62

6 22 1 o2 . i

7 7 85 1, 26

8 8 . 27 18 . 1
S 2 . 29 5 . 2
10 1 23 7 9 s
B, o 7 s 2
13 25 12 3 82 i o
14 17 5 32 w
15 15 8 3 . 1
i6 2 . .. . ., :
17 . . 62 1 3 .
18 . . . . 1 :
19 . 7 . . e .
20 5 10 2 . .
21 9 . . 3 1%
22 . 1. 18 6 .
23 . 4y . 2 0 .
H . 42 1 ., . .
25 11 . . 7 N .
26 2 . . ... - :
27 . . . 19 . é
23 . . 3 . . :
29 . . 9 5 . .
30 . . .. .
31 2 . 28 . 30 .

Total 212 207 289 332 205

e
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TABLE H-11
(Continued)

1976 RAINFALL
(rm)

RARANGJATI

ko

Nov Dec

Oct

Sep

Yay Jun Jul

Apr

[
b4

- Jdn

w
. [ ] - N 2 L3 .A.w., *
* . L] . * L] . -
WMo

e o s vl NN ‘o i
- w [T~ B~ 4
- A ¢ -0 0w
TEUI N 0 .0 e Y

HHmTOnO~NDO D
4

11

N . . .
‘e P seine Ve g

Tk ..-_mo.uc.rv,m.o.qo

T re ue ve seine
AR N N N Y AT )

e o @ o i
Pl QD v
(2] LRI o B
~umn «t
(3 N e .
[~} S
™4 e M ¢ o .
NI OO
Al o IR . B BT

™ ¢ »

<6 s 0 e
N Y

o
oYy - .
~ 0w

-

[ onglh! <]

B -
o0
- W
0O
- et N

“e s 9

ot N HON et
. . . ]

D O &N &
o 1 D [T- B R |

i
N O b o Y] N ™
DM . - - Y
4&21~v’0¢0673901
2?2??2/2233

-
@

Py

e

313 13

h52

Total

is8
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TABLE H-11
{Continued)
1977 RAINFALL

(mm)

KARANGJATIX

Nov  Dec

Oct

Mar Appr May Jun Jul Aug Sep

Feb

WSO v vt N
. Bl

13
10

Jan

21
22
23
24
25
26
27
28
29
30
k) §

226

50

76

B-l



Day Jan
1l 83
2 -6
3 1
4 11
5 5
6 16
7 .

8 1
g 49

10 2

11 .

12 24

13 10

Y4 it

15 1

16 L}

17 .

i8 i

i9 24

20 4

21 17

22 5

23 51

u 8

25 20

26 17

71 8

8

29 2

30 18

31 7

Tatal 393

79 .
32 o
6 8
18 - 15
’ 'S
'Y 8
4 .
12 22

19
2 N
13 N
9 1
3 i
22 5
11 i
iy .
. 30
29 25
52 49
a6 13
.1
1 3
. 6
17 R
: S
: 1l
380 213

TABLE -1l
(Continued)

1978 RAINFALL
(wm)

KARANGJATI

A May
19
19

§-177

Dec

70
10
20
20
10
20
30
io
10

v’_m."o;'c« - -
‘e .6

o e &

o‘

i o
o

o
oo

<.
=

585



Table B-11
(Continued)

1979 RAINFALL
(mm)

KARANGJATI

Deay Jan . Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

1 . 120 : 30 . 7 - 30
2 . . 20 20 20 10
3 20 . 10 3 10 .
5 30 10 . 40 v 4
6 200 20 . SO 10 e
7 . . 50 N o lo
8 ) N c . i ,1
9 lo 30 . 20
10 . . 10 100 ..o
11 [} [ 10 * . [}
12 60 [ ] L] L] 10 []
13 30 ‘s . . . N
lu ¢ 20 L) ‘lO L) 3
15 . 10 . 30 10 .
16 ¢ s ¢ . . .
17 10 20 10 . . .
18 ’ . s 10 . .
19 . s . . . .
20 10 10 . + s .
21 . . . 30 s )
22 s s ‘ 70 . *
23 . . 4o 20 10 s
24 . 4o 10 ‘ s s
25 20 10 . R .
26 ‘ 20 4 . s 'z
27 B 3 s s . 3
28 ’ H I s N '
20 8 . 20 . . '
30 s ¢ ‘ s 3 .
31 30 é @ ] lO -4 :
fotal 280 . 310 250 390: 80
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TABLE H-11
(Continued)

1976 RAINFALL
(mm)

KLEPU

Jan Feb Mar Apr May Jun Jul. ﬁ‘.‘.&EEE. 'Oc_:t“ Nov  Dec

R 28 9 2
‘;.. 39 .

H
.
.' .

> e e e e
-
*

e e e = a

w0
- * & @
S
== o o

R s e s e e e

cCwWo-~ow
Na N
-
N
-3
¢ o e
-
';..°"o.s‘a

b
-

R
2D

(<]

- »
N -

S

“ » o »

.

-
- o o > o & o o ¥ &
> & & . = e e

O e
SCemuOUEw
0...'.".‘.’
<*,_.o<~ o« % % v o e e ‘-

NN
) =
&=
S
L J
-
-

23 3 B . ;
24 T o 27 5
25 10 32 .
2% 39 . '
27 X . .
28 12 . .
2 3 2 20
30 ) : .
. ; *

L B
[ 3 - L - > - - - . .
. [
. - > > »> - - - -
B ST TR P S

‘ N

fotal 306 282 208 - 184 28
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TABLE H-11
{Continued)

1977 RAINFALL
(tom)

KLEFU

Day  dan Teb Mar
80 80 .

vp..‘. .

C oA W N
LR EPNPoGR LN EO NEE

oS
N

11 é 6_ ()
12 . 5 A
13 . i8 2
1Yy 2

15 6 . i3
16 3 .

17 . . 1
18 12 . 43
19 3 . 21
20 i 15 42

21 2 2 .
22 23 30 i
23 R . 7
2 1 3 21
28 ;
20 27 10
24 . .
28 P ‘
2g i s
c p é
31

‘e e e e e e e & e &

e e e e e e e

fotal 454 292 321 468
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TABLE H-11
(Continued)

1978 RAINFALL
(mm)

KLEPU

- dan, - Feb Map Apr May Jun Jul. Aug Sep Oct 'Nov Dec

COUTIDNLE WA

=

20 1

.
n@

- N
<
- N~

(=3 o

NN
>
OO

| ot

N [

= or

N

& =

|

< -

H"N’<‘ ;o k’)‘o -

-
-

&
E&ooN T T
L J
>
N
(=]

e e paeie e
- L J [ 2
.

»
[T-%
©
>
v
NE @eE -

(<]
- > - -

N
) ‘}‘,'c- IR

20

90 2

->
Y
N
-
.v‘m
> > - -

16 40

e s & o e
[~ 2
-2
-
-

T
[+ %
~
-
.

50 .
16 .
W 8l

» -

~3 N

(/] o

[o: I -} * I o & ¢ & o o

WNwWw 3 .

-
.
[

NN
[= N =
.
-
>
[te]

e e e, e e e & e ®

[
- > - > > - L3 > L d - -

e o ©® s = @

562 518 365 130 194 126
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TABLE H-11

(Continved)
1979 RAINFALL
(mm)
KLEPU
‘Day Jan ‘Feb ' Mar Apr May Jun Jul"-Aug - Sep . Oct Nov . Dec
‘1 500 170 1l 18 [ 20 ° T
’12V“j{'ﬁ41*“39 5 - 26 28 .
: !43:::" 2 ':‘ . 6 63 - .
S 122 7 3 5 - 6 .
B .3 38 a9 . .
7 . 3 66 3 10 10
8 10 2 30 6 . .
9° . 38 . . 1l 8 .
lo l‘ ll L] [ ] L] L ]
1 24 10 . 18 22
12 54 18 13 2 . .
13 114 . . 17 . e
14 6 P 3 13 .
15 81 2 10 . . 2
16 . . . 33 . .
17 2 15 u7 2 17 .
18 6 . 6 . . .
lg [ ] L) 5 L’u L] 1 ]
20 32 24 36 . 9 .
21 8 . . . . .
22 . 3 . 21 35 .
23 . 43 10 . 43 .
24 . . . 1 .
25 [ L] [ ] [ ] L] .
26 5 (1} . . .
27 . 1l 3 11 . .
28 * [ ] L ] L] [ ] L]
29 bL) . . . . 1l
30 L] (] . L] L[] L )
31 7 . 23 . 21

Total 583 361 302 524 217 . 39
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TABLE Hi~11
(Continued)

1976 RAINFALL
* (mm)

SAMBIROTO

wzhf Aﬁ5{f;May'i}Jﬁnn.ﬂJhlf-”

‘::ﬂ];xiéf;J,3é;‘ﬂ". y?;,'
S0 T
o e 87 M

‘1 19 ETTANRE

't ." .0 l—‘o ‘a“.‘. . .

= . s
CWE®IDWL L WA
s ® L]
2 —4
-
.
w

[WY
-

[

[S N

.

. © o
L )

F —

e

=)

14 29 42 9
15 1 15 6
16 2 ..

17 . 27 11
18 10 a3 82
19 7 . 22 1
20 65 . . .

21 by 7. .
2 25 28 .
23 v 20 . 4
24 1 32 4
25 6 48 1

[N
e e » ¢ Me »
[
e ® o o o 6 ® o o
® o & » ¢ e * e e 9

26 1y 1
27 .

28 15
29 1
30 1
CER &

(XY

. 0 . 0 o .
- - L ] L] L 2 L] L] L] L] - -
"‘," ‘e [ ] . '3 . . -

LI 4 . 3 .
[y
~3

Total 323 245 408 .165

s
Fhd
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TABLE H-11
(Continued)

1977 RAINFALL
(mm)

SAMBIROTO

 Day Jan . Feb Mar Apr My Jun Jul Aug v Sep Ot Nov: Dec

[%S
N
-
N
>
()]
3
- L ] L J * - - ® - [ 3

" S NI
DCWOIPN EWN
[=
(7]

[x
0
L d
L 3
L ]

e o . o o ®w ®. . ® a8

[FEN
IR
*

%Y
«
L]
WX
L]
[
N
[+

el
(S
=
[+)]
o WWNOY oF !
e @ . o

*» o o &
s » & o o
e ® ® o .6 o ® e v .

LN Bl ol g
SWwom~3D
Gy e =

[ 3 L ] - - ®
" e & mie e 8 e ‘e e

N
-

NO 2»NO

[T}
-

-

.

*

(<]

.

22 4
23
24 1 15
25 . 20

26 7 24 .
27

28

29

30 12
31 9

L 3
WNN

= o

N O

. »

.

1S

e o o »
.

423



TABLE H-11
(Continued)

1978 RAINTALL
(mmom)

SAMBIROTO

Day Jan Feb Man fApr May Jun Jul Aug Sep  Ost Nov Dec
o 72 TR . 121 . . .
L2 e 5 "0  .."_T.v ) 5 . » 27
w241 v B9 w3 17 15
2§18 e 8 e 13 1l

’ ¢

[

B3 .

L2002
/“.323[;;~ -

» e 0 n. ;"/‘, .” .}.L'. i
. . . ° T

F‘ ”
COONOAMFWN
[
@
@

11 1 . 10

13 10 . 1
14 2 56 2
15 18 . 15
16 30 . .

18 1 . 1
19 50 . .
20 67 68 10

. o e e o & gm mn
NOoo
w
[
(=2}
[

21
22
23
24
25
26
27
28
29
30
al

33335333 9
¢ o » e+ o |
[ ]

-
* o * o o e o e

Total

=

mo 99 243 135 118 60

The symbol m indicates that no'rainfall measurements were'made. . -~ .
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=
o

ey
W N

[
=

el
S~owm

&
v m

21
22
23
24
25
26
27
28
29
30
31

Total

O30 o:#:coaqrh'ﬁi“

' PRI (-
- N e : -
o' oF ek [gf g

17

22

281

TABLE H-11
(Continued)

1979 RAINFALL

(mm)

SAMBIROTO

54

14

* © o o * o +

20L

ifbb“luaﬁ1_4Apr May - Jun

H-186

8. "85 . .
27 .
. B 12 S
‘9 v E
. B . +
Iy 27 s
Ly 4 .
68 » L
50 . .
u3 1 .
. . 2
2 . .
5 . ¢
3 . “
. 10 .
. 3 *
5 y .
2 13 .
10 . .
10 . .
. 1 3
. 2 10
328 164 64
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TABLE H-12

MEAN DAILY FLow (1972 - 1973)
JRAGUNG RIVER AT BORANGAN BRIDGE (m3/s)

- Day May Jun Jul Aug Sep
1 8.u2 3.05 0.50 0.08 0.06
2 4.70 2.00 0.50 0.08 0.06

3 2.60 1.20 0.30 0.08 0.06
4 15.69 0.90 0.20 0.08 0.20
5 18.96 1.24 0.10 0.08 0.08
6 17.28 0.40 0.10 0.08 0.08
7 12.24 0.40 ' 0.10 0.06 1.65
8 7.72 1.60 0.40 0.06 3.85
9 10.17 8.77 2.2y 0.06 0.70

“10 6.40 13.77 0.80 0.06 0.20

11 8.04 4,70 0.30 0.30 0.08

12 15.40 1.86 4.75 0.10 0.4y
213 . 6.40 15.66 18,99 0.20 0.08
14 . 2.40 6.40 4,28 0.10 0.06
15 2.80 1.35 1.60 0.20 1.09
is 1.80 1.60 0.50 0.50 0.40
11 7 1.60 1.00 0.30 0.30 0.27
18 -  9.30  0.90 0.30 0.20 2.48
19 7.62 .0.80 0.30 0.08 -1.10
20: 3.4 0.80 5.50 0.06 7.97
2 2.27 0.80  3.85 0.80 8.90
22 $3..93 0.60 I.24 0.08 1.60
23 2.20: 0.50° 0.30 0.06  g.55:
2 2,000  0.300 0.50 0.06 5.91
25 6.37 0.200 0.40  0.06 10.95
26 16.50 0.20  0.30 0.06 5.13:
27 8.01 0.20 0.20 0.04  1.20:
28 2.80 0.20 0.20 0.04 2.20:
29 47.11 0.50 0.20 0.08 1.60
30 13.50 1.40 0.10 0.08 0.90
31 9.42 - 0.10 0.08 -

Average 8,94 2.44 1.60 0.11 2.30
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Oct

0.40

0.30

. 0.20
-.10.10
0,20

70,70

1,93

2.82

2.20

_ 1.40
11 1.40
112 0.30
A3 1.40
1 2.17
15 " 0.60
16 ¢.20
17 '0.08
38 0.05
49 < _ 0,06
20 - 0.39
21 0.30
22 1.15
23 2.20
24 0.80
25 1.00
26 5,05
27 9.77
28 2.35
29 1.30
30 1.00
31 0.90

Average 1.38
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Dec

12.80
6.37
1.93

30.61

12.79

18.69
7.90
6.02
3.43
2.44

12.43
6.40
6.57
4.70

.34

9.01
6.81
3.43
13.10
5.55

3.85
2,20
1.00
3.34
2.60

2.20
7.90
4.28
2.80
1.80

4.05
6.82

TABLE G-12 (CONTINUED)

MEAN DAILY FLOW (1973-1974) 3
JRAGUNG RIVER AT BORANGAN BRIDGE (m /s)
Jan Feb Map Apr May Jun Jul
8.u6 18.23 1.60 3.43 0.30 2.40 0.30
L.70 12.43 12.36 2,60 3.17 1.40 0.20
2.60 10.79 16.25 2.20 6.28 0.50 0.10
2.00 10.50 19.07 13.13 $.71 0.08 0.08
2.00 5.98 25.72 28,70 1.20 0.08 0.06
2.00 2.80 11.50 15.08 15.08 0.08 0.06
0.90 2.00 5.55 12.05 4,63 0.08 0.04
0.50 19.47 28.83 17.59 10.34 0.08 0.04
0.20 9.90 47.39 18.09 7.64 0.08 0.04
0.10 4,70 16.87 8.26 5.13 0.08 0.02
1.10 8.31 13.08 8.34 3.u43 0.08 0.06
7.53 10.40 14.53 5.91 2.20 0.08 z.91
14.10 9.90 7.19 2.81 3.77 0.08 1.20
10.20 3.43 15,07 1.0 3.08 0.08 0.20
28.13 1.60 8.22 2.83 2,05 0.08 1.10
1g.22 1.20 4,28 4,15 2.53 0.08 0.30
3.43 1.10 3.43 1.40 2.00 3.86 0.20
5.13 1.00 3.00 1.10 1.40 1.60 0.08
8.8y 2.00 2.80 1.10 0.93 1.00 0.04
6.40 15.13 3.03 1.00 0.60 0.60 0.02
3.43 12.42 23.55 0.60 0.50 3.77 0.02
3.43 4,28 10.66 0.40 0.40 6.68 0.00
1.60 16.16 16.06  0.81 0.30 2.60 0.00
1.60 13.92 15.78 0.80 0.20 0.60 0.00
1.00 3.85 8.90 0.93 0.20 3.50 0.0u
0.90 1.60 3.43 0.06 0.10 0.50 0.0
0.90 2.80 9.40 0.0y 0.10 0.50 0.0
0.90 1.60 3.88 0.02 c.08 0.40 0.0
0.90 - 15.11 0.06 0.08 0.i0 3.0
2.89 - 14.10 2.40 0.40 0.30 2.00
13.01 - 5.55 - 9.37 - 1.00
5.07 7.4 12.46 5.24 3.01 0.96 0.40
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TABLE G-12 (CONTINUED)

MEAN DAILY FLOW (1974-1975)
JRAGUNG RIVER AT BORANGAN BRIDGE (m3/s)

“-0ct’ - ‘Nov Dec Jan Feb Mar Apr May Jun

‘Day. » 7 Jul Aug Sep
T1 - 0.30 0.70 0.10 2.00 3.00 3.u8 3.85 6.65 0.08 0.36 G 0
2. . 0.30 . 3.35 0.02 - 4.54 4,21 1.20 5.25 2.68 0.06 0.06 0 0.08
3 4,02  5.12 0.00 10.95 1.60 1,20 10.7u 1.20 0.04 0 0 0
y 5.92 4.83 0.06 4,06 6.51 0.70 9.88 1.20 0.02 0 0 0
5 3.85. 3.16 = 2.09 28.46 2.20  4.866 5.13 8.39 0.80 0 0 0
6 3.43 2.80  2.65 8.64 1.10 5.58 5.80 7.75 9.20 0 0 0
7 '3.69  2.u0 3.00 2.00 5.10 15.59 16.52  2.20 0.04 0 0 0
8 3.05  1.80 2.60  1.20 3.41 19.6C 3.85 - 2.32 0.00 0 0 0
9 5.13 1.10 1.20 . 1.10 . 5.23 11,22 2.40 3.48 0.00 0 0 9.06
10 1.40 1.20 1.10 4.33 6.65 13.45  1.00 3.14 0.00 ¢ 0 1.54
11 26.75 1.10 1.00 30.u1 3.16 11.07 2.01 6.08 0.00 0 0 u.16
12 6.94 0.90 1.20 14.29 2,43 6.40 1.60 5.82 0.00 0 0 0.30
13 4.12 0.08 6.88 2.36 2.54 4,70 5.76 5.58 0.00 0 0 0.08
L8 4.17 6.70 3.90 . 1.10 12,67 4,11  1.38 6.95 ¢.00 0 0 0.30
16 14.75 0.80 2.20 1.00 5.55 5.98 0.60 2.58 0.00 0 0 5.01
17 4,70 0.50 0.40 5.00 2.00 4.70 3.35 16.58 0.00 0 0 0.90
18 4,70 0.50 0.30 4.66  1.20 4,70 38.79 7.78 0.00 0 0 0.08
19 1.00 0.79 0.10 1.83 1.60 2.60 3u.72 2.13 0.00 0 0 0.50
20. 1.10 11.45 ¢.50 4,20 1.60 1.60 18.61  4.92 0.00 0 0 0.60
21 1.10 6.60 1.90 20.75 1,20 3.85 8.53 2.72 0.00 0 0 0.06
22 4,00 25.70 6.70 10.98 15.60 5.u8 8.59 1.60 0.00 0 0 0.8
23 2.89 21.76 2.90 7.65 8.09 2.73 5.13 2.20 0.00 0 0 0.00
24 1.40 13.3L 0.90 2.60 2.40 9.18 2.67 7.25 0.00 0 0 0
25 1.40 8.40 2.26 1.40 3.69 8.02 2.20 64.29 0.00 0 0 0.02
26 1.40 7.72 24.01  23.26 1.80 3.3 12.27 6.19 0.00 0 0.06 0
27 1.40 3.17 5.76  14.u5 1.47 10.62 15.6C 5.41 0.00 0 0 2.83
28 1.10  u.87 3.34 3.83 1.00 3.95 20.48 2.21 0.00 e 0 4.75
29 1.10 0.00 1.40 2.20 - 5.02 11,92 1.00 0.00 0 0.50 1.60
30 0.80  1.80 9.13 9.47 - 3.85 16.40 0.80 1.00 0 0 5.62
31 .90 - 5.05  6.62 - 3.85 - 0.40 - 0 0 -
Average 4.02 4,62 3.11  7.62 u,11 6.19 8.99 6.34 0.11 0.01 0.02 1.47



061-8

TABLE G-12(CONTINUED)
MEAN DAILY FLOW (1975-1976)
JRAGUNG RIVER AT BORANGAN BRIDGE (mS/s)

Day -~ 02t * Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep
1 12.76-. - 6.02 8,00 12.35 5.30 .18 10.27 1.63 ° 0.91 0.80 0.97 0.70
2. 2.40 % 5,78 ' 5.uu4 6.82 4,19 - 8.80 - 7.80 1.53 0.80 0.85 0.69 0.65
.3 - 1.60 ' 3.86 1.60° 4.35 3.57 11.31 7.82. 1.38 0.74 0.85 0.06 0.60
4 - 8.15  3.83 25.54 2.00 3.23 30.69 15.96 1.88 0.70 0.85 0.06 0.51
.5 2,00 2.11 11.17 1.33 3.11 11,43 14.17 1.73 0.65 0.85 0.06- 0.u4
-6 5.98 1,20 1.40 0.94 3.01 6.99 6.05 4,76 0.65 0.85 0,06 0.40
07 2.60 0.20 0.90 0.90 3.10 4,88 5.49 5,70 0.65 0.85 0.06 0.72
'8 - 2,40 0.89 5.63 5,91 3.01 . 3,93 3.69 3.46 0.65 0.85 0.06 °0.75
9 " 1.80 0.6C 2.83 12.18 3.12 19.75 3.12 3.01 0.75 0.80 0.06 0.60
110 1.10 9.36°  1.40 12,74 4.57 10.09 2.70 4.63 0.85 0.70 0.06 0.51
11 0.20° 3.19 ' -2.60. 8.22 3.95. 6.95 - 2.31  1.93 0.85 0.70 0.06 0.44
12 0.50 1.20  2.80 - 6.53 2.81  26.44 2.22 1.41 1.09 0.74 0.06 0.33
13 5,05 20.2%  1.59 469 .3.27 14.18 2,31 1.27 1.02 0.70 0.0t 0.39
- 1.20 ° 8.50 14,61 9,17 8.11  .9.76 2.58 1.20 0.91 0.65 0.0f, 0.36
15 0.70  12.40  38.40° 8.42  5.26 10.61 2.84 1,14 0.85 0.65 0.C6 0.33
18 - 0.20 . 7.40  3.04 5.18 3,68 6.25 2.57 1.08 0.85 0.65 0.06 0.33
17 0.08 5.34. 5,91 - 4,53  6.82 8.09 2.78 1.02 0.85 .65 0.06 0.33
18 0.06 - 3.00 ‘' 1.46 ~ 4,05 16.74 i1.25 .2.9u 0.91 0.80 0.65 0.06 0.33
19 0.04. 5,29 ©0.90- ‘4,05 6.88 19.94 16,09 0.85 0.70 0.65 0.08 0.30
20 0.20  4.28  -0.50 © '31.40  5.19 8.99 16.03 0.85 0.70 0.65 0.05 0.41
21 5.36 2,40 - 0.30  u42.47 5.34 4,98 3.13 0.85 0.74 0.85 0.14 0.30
22 1.00 1.80 0.90. 29.39 3.94  10.22 2.32 0.85 0.80 0.65 0.08 0.30
23 1.20 1.60 0,50 -13.70 19.65 4,83 2.30 0.85 0.85 0.65 0.06 0.33
2n 2.60 0.1¢ ' 0.50. -~ 7.70 7.80 8.06 3.90 0.85 0.85 0.65 0.06 0.33
25 1.40 7.08 0.70 6.58 17.07 6.74 3.05 ¢.85 0.85 0.65 0.14 0.41
26 3.43 6.06 0.50 17.34 11,72 3.82 1.97 0.85 0.91 0.60 0.12 0.44
27 . 6.90 1.20 0.20 7.84 6.43° 5.u6 1.63 0.80 0.96 0.56 0.06 0.36
28 6.40 2.28 4,45 6.55 5.10 §.15 1.63 0.74 0.96 0.56. 0.06 0.34.
29 7.40 7.84 4.02 5.27 4,39 7.68 1.63 0.76 0.91 0.56 0.32 0.24
30 1.860 1.60 4,47 4,98 . - 5.57 1.63 1.u8 0.80 0.61 . 0.78 0.21
31 1.20 - 19.07 5.66 - 4,98 - 1.15 - 1.07 0.75 -

Av.vage .82  4.60 4,5  9.46 6,22 410,84  5.10  1.66  0.82  0.71  0.17  0.82
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" . Dec

2L 11,48 22,95 ¢
2201074 11,47
23 0 1,10 6,76
2u '0.85 . 7.90
25 0.85
26 0.85  9.74
27 1,25 6.71°
28 0.75  2.62
29 6.06  1.88
30 7.43 2,03
n 1.30 <
Average 1.47 3.81

70,86
" 0.86
C '0086‘51 .

“1.90,

- 1.01 " 15.52

0.96 ...3.38.- 0.62
. 0-91 P
~ 3.80 . 50.86 .

S 1.52
284

- 1.07

TABLE G-12 {CONTINUED)
MEAN DAILY FLOW (1976-1977)

JRAGUNG RIVER AT BORANGAN BRIDGE (m3/s)

“1.28

 0.61 18.88

078 sl
LSO -

G

C e R

1.89 +4.86 7,32 -

5.06
0.72. 0 14,37 -

-0.86 5,05
0.78 -5 1,68 -
0.78 . - .

Jan Feb ¥ar
0.96 2,21 8.8 2.26
0.72 2,00 5.42 3.42
0.64  1.80 13.38 3.41
0.59  1.70  7.84 . 21.86
0.55 1.70 2.68 11.80
0.53.  1.70  1.46 = 19.61
1.78  2.10° 1.70 . 6.65
0.75 - 2,27 12,75 10.93
0.72 2,23 7,12  4.09.
0.72 2,10 3,11 6.49
89 - - 1.83 - 2.54 6.08
L317001.7007 2,10 2.63
:96. . 1.60 79,98  2.55
-96. 140 4,16  3.86
-96. 1520 2.05° 15.39
96 . 8,71
96 5.34
.91 L 7.59
.86 7 12,70 -
.10 . 0.78  0.57..26.63
1.13 ° " 0.78". 0,71 7580

0,69 73,76
“3006 )
6,30

6.99

4.16
3.40

-2.20
- 2.30
~;2;30

e

2,55 .

Apr May Jun Jul
2.30 1.30 - 4.12 1.75
2,30 1.13 5,27 0.70
1.55 1.06 7.85  0.59
0.67 1.06 7.82  0.%9
0.48 0.99 6.11 0.59
- 0.46  0.87 7.83  0.59
3.36  0.86 7.72 .59
©6.40 3.0 10.79 0.59
5.48 4,30 14.25 0.55
4,25 8.85 7.49  0.50
13,95 2.93 4.67 0.5
3.95  4.50  3.81 0.5
2,43 4.00 2.41 0.4
- 0.60 3.85 1.66 0.2
0.53 3.70 1.35- 0.1
051 2,787 1.35 0.1
- 0.70:-"1.41" 1,28 0.1
2374 0.81 1.07 0.0
3,01 0.77  0.93 0.0
1.78 0.68 0.93 0.0
6.5 0.61 0.93 0.0
12,91 4.62 1.44 0.02
15.89 5,22 1.00 0.02
8096 1.69 0-94 0102
5.23 1.26  0.93  9.02
2.70 ° 5.08 1.20  0.02
2.00 3.80 1.62 0.03
1.42  -4.05 1.35 0.05
1.40  34.90. 1.28 0.10
1.40  9.10° 1.20 ~0.15
- 3.37 - 0.17
3.53 3.95 3.69 0.32
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TABLE G-12 (CONTINUED)

MEAN DAILY FLOW (13877 - 78)
JRAGUNG RIVER AT BORANGAN BRIDGE (m3/8)

LW DUV
ON HFOWNIS

Nov. Dec Jamn  Feb  Mar  Apr May Jwm  Jul  Aug  Sep

0.00 2,37 17,01 50.23 3,16 0.76 5.38 1.37  1.84 7.28 o.
0,01 5.57 4,05 15.05 3,08 0.86 3.72 ~ 0.79 1.43 - 2.24 0.
0.7 2.42 1.96 4.9 4.74 3.66 1.59 3.25 0.96 1.51 12.

0,66 . 3.99 6.72 3.01 8.36 3.02 3.64 2.75 0.94 1.31 2.

.2.12 1.46 2.60 9,95 3.20 1.50 3.9y 1.58 0.85 1.34 1.

- 0.06 4,91 4,35 3.62 4.0l 1.01  1.43 1.08° 0.85 2.16 1.

. 0.33 4.40 3.10 2.33 7.32 1.54 0.92 0.85 0.85 3.06 0.
2.09 1.71 1.91 1.83 3.43 1.01 0.75  1.16 1.90 1.09 1.0S
0.84 1.06 9.47 2.78  3.67 0.86 0.60 1.27 2.39 0.66 14.43
0.35 .0.88  3.18 . u.ul ' 6.58 0.34 0.92.  1.03 1.87  0.47 10.69

©-0.30 ° 0.83 .2.25 3,36 3.65°. 1,31 0.69  0.75 2.80 0.4y 4,12
0.2 . 0.74. 2,76 3.41 1.88 13.27 ~ 0.65 0.56 8.71 0.36 1.89
0.18 . 0.71 8,10 2.38 1.56 6.38 0.75 3.20 5.82 0.27 1.02
°0.16 - 1,97 5.60 1.11 1.41  11.53 7.27 2.11 2.81 0.21 0.90

S 2014 0,78 3.36 ' 12.38 2.63 2.62 6.94 1.16 1.65 0.19 0.85
©0.82. 0 2,42 5.44 4,51 2.18 1.54 3.09 1.4 1.15 9.32 0.90
" 0,06 1.01 1.92 4,53 °1.63 1.16 7.82 1.27 0.90 C.84 0.85
0.06 . 0.865 1.69 1.93 5.58 0.93 3.13 1.14 0.56 0.37 0.65

0,05 0.50 10,19 1.09 3.50 0.86 4.88 0.96 1.29 0.77 0.56
0,38 0.42  12.85 32,98 4,22 0.95 2.26 0.79 1.63 1.17 0.51

. 0,08,  0.35 4,58 24.88 7.81 1.83 4.47 0.74 0.54 0.55 3.60
0.12 ' 3.19 3.47 28.24 11.97 0.85 2.31 1.26 0.33 0.23 1.94

1 0.08. 1,83  20.49 7.01- 5.17 0.82 1.71 1.65 0.33 0.23 0.86
0.06 3.24 . 4,33 ° 3.96 4.06 0.83 1.56 1.04 0.23 0.23 0.56
0.28 1,41  8.68 . 3.03 - 2.19 0.87 1.42 0.74 0.23 0.12 0.40
0.18 0.73 10.53 4,92  1.51 1.10 1.43 1.07 0.30 0.11 0.30
0.03 0.66 5.35 4.00 1.45 0.75 0.90 1.02 0.22 0.07 0.27
0.01 1.98 4,27 4,61 1.56 0.65 0.70 0.90 0.52 0.06 0.24

- 1.33 1.74 2,62 . - 1.32 0.65 0.51 1.63 0.64 0.07 0.29
0.76 13,43 3.82 . - 1.09 2.34 0.44 2.u9 0.40 ¢.09 0.68

- 41.20 - 3.83 - 0.85 - 0.52 - 18.69 0.11 -
Average 0.06 0.48 3.50 5.83 8.81 3.70 2.22 2.46 1.37 2.06 0.90 2.21
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:E?'
LT

) OO0 GEON

Nov Dec . Jdan Feb
- 2.59 °  0.13 8.63 28.50
C1.T1 7.48 9.87 19.13
1.09 6.67 4.64 . 3.55
1.13 2.22  3.u6 1,00
. 94 2.07 1.86  11.60 2,91
.66. . 2.00 2.60 3.30 - - 1.79
0.58 6.81 2,96 1.67 ~ 1.4
265 . 2,27 - 4.32 - 2,63 0.91
4y 1,79 2.53- 12.59 . 0.62
31+ 1,35 © 1.50° S 9.58
0.21 s 7_ 1.33 o v * 8.61
0.21. . 1.02 - 5,39
0.139  0.87 T 8,18
0.1% = 0.85 ~.1.69
0,26 - 1.0L 3,53
0.31  0.77 W 2,30
0.23° 0.4l 2,38 w 01,88
0.71 .- 1.06. . .0, 7 .8,55
0.76 104 .Y 1.35
1.30 0.64 2.
b.24 0,38 . .83 2,33
2.00 0.40 84 ~2,51
0.78 0.34 U 4.91
0.46 0.31 - 3.28
0.36 0.25 T 1.52
0.75 0.19 © . 1.05
0.94 0.14 1. - 0.96
0.52 0.17 77..0.85
0.33 0.14
12.28
1,61 1.14

. TABLE G~12 (CONTINUED)

MEAN DAILY FLOW (1978-79)

RAGUNG RIVER AT BORANGAN BRIDGE (m/s)

4.03 6.47 4,23

Mar

0.75
0.60
0.18
1.03
1.77

3.77 -

20.22

2.93
1.96

2,14
1.63

1.03

b.14 -

1.07
H.55
3.62

. 2.01

2.80

2.59
1.24
0.75
2.28
1.22

0.74
0.60
0.56
0.86
0.65

0.97

2.86

35.55 -

U 7.23.00
11.30 .
6'66 |

Apr. May
2.65 1.34
2.85 11,40 -
2.74 3.81

30.88 1.2%
0 15.95 7,11

1.61:.

10.5 0.
3.59 " 1.8
13.24 1.8
15.35 1.0
18.88 0.7
10.67 0.7
3.54 0.6
6.67 0.4
3.06 0.3
1.71 0.3
1.49 0.2
2.81 3.8
3.29 1.4
5.14 6.9
2'“0 7'3
1.23 2.2
1.03 0.9
1.76 0.5
1.98 0.5
0.92 0.5
1.08 0.6

0.85 0.51

2.06

7.23 2.18
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TABLE H-13

SUSPENDED SEDIMENT YIELD

JRAGUNG CATCHMENT UPSTREAM FROM BORANGAN BRIDGE

Suspended

Monthly Average
Concentration
mg/1

Water
Water Year Month Sediment Discharged
kg w3
1977-78 Nov 16,620,000 1,256,000
Dec 386,073,000 9,377,000
~ Jan 175,078,000 15,619,000
' TFeb 513,583,000 21,302,000
 Mar. 33,007,000 9,915,000
U apr 56,560,000 5,750,000
" Total 1,180,921,000 63,219,000
1978-79  oct: 48,753,000 4,311,000
- ‘Nov. 10,766,000 2,964,000
Dec 76,719,000 10,802,000
Jan 105,780,000 17,328,000
Feb 107,850,000 10,228,000
Mar 51,746,000 7,656,000
Apr 213,768,000 18,732,000
May 48,882,000 5,844,000
Total 664,244,000

80,385,000

E-194

13,200
41,200
13,200
24,200
3,330
9,840
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1977‘197
“1978-1979

Short-tern,
Mean - . -

‘Nov’

TABLE H-14

MONTHLY STREAMFLOW

~

JRAGUNG RIVER AT THE BORANGAN BRIDGE

(20° %)

" Feb

Mar

Apr

May

Jun

Jul

WaterYear ‘e Oct -

-‘l)'ec -

Jan

23.9
8.1
17.0

- u'u
10.6

6.6
5.8

T10.8

6.3
2.5
0.3
2.1
9.6
3.5

4.0

4.3
1.1
0.0
1.8
0.8
5.5

2'3

0.3
1.4
0.1
0.5
0.4
2.4

0.8

Sep

6.0
3.8

3.8

l.l
0.2
5.6

3.4

Total

127.7
122.5
124.8
84,0
87.2.

108.8
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TABLE H-15

BASIN RAINFALL AND ;TREAMFLOW
JRAGUNG RIVER AT BORANGAN BRIDGE

Month Rainfall Percent of Long~- Streamflow Percent of Long-

'1977-78

.1978-79

' Séaaéh 1,587

~ Nov 85

Jan ; 331

Season 1, 979 -85

mm term Rainfall 106 m3 term Streamflow

Nov 168 67 1.3 15
“Dec 302 g4 9.4 63
.dan . 967 87 15.6 60
o Feb’ - 7392 211
CMen gk
IQAP?€ﬁ: ST

21.3 102
9.8 45
5,8 39

———

59

Dec 375

Feb 241
Mar 216
Apr 405
May- 17

w196



TABLE H-16

LONG-TERM SUSPENDED SEDIMENT LOAD
JRAGUNG RIVER AT BORANGAN BRIDGE

© % . Average Long-term Long-term
"Month . Concentraticn Streamflow Suspended Sediment
6 3
m

ng/1 10 metric ton

41,900
73,900
360,800
226,100
f 35’1’700

‘Oct 11,300
‘Dec 24,200
Jdan . 8,650

Mar -

Apr

Méy : ,
Remainder 500

1,420,500

B-197



TABLE H-17

ANNUAL FLCW DURATION CURVE
 JRAGUNG RIVER AT BORANGAN BRIDGE

Mid
Ordinate
v s n’/s

Discharge - Intéf#difx@ﬁischarge

s

'i53{féihterval

95-98.5 a.s
98.5-99.5 1.0
99.5-99.9 0.4
99.9-99.98 0.08

99,98-100 0.02


http:99.9-99.98
http:9.0110.11
http:0.00-.02

TABLE E-18

* WATER AND SEDIMENT DISCHARGE
' TWICE DAILY METHOD

‘;?ﬁé}é fﬁﬁhﬁﬁf Volume of Water.

1978

'De 11, 099 ooo,f
1979 Jan™ 14,490,000
Feb £ 9,411,000
Mar 6,991,000
Apr 3o ,275,000°"
May - 6,341, oooj?

200,211,000

B-199

Weight of
Suspended Sediment

kg

3,000,000
5,839,000
¢ 7,580,000
14,360,000 |
f”s”oas 000
18,122, ,000"
76,519,000
3w, u17 ,000
123,379,000
134,739,000
429,624,000
/52,397,000

/803,041,000



TABLE H-19

ANNUATL, SUSPENDED SEDIMENT

JRAGUNG RIVER AT BORANGAN BRIDGE

1977-1978

Mid. Water. Sediment Sediment

Interval Ordinat: Discharge Concentratior Load

- Z I m3la mg/1. % kg/s

105,000 - 630.00
68,000 544.00
45,000 900. 00
34,000 1,190.00
17,000 1,011.50

. 9,500 - 997.50

4,700 30550

12,100 8820
9000 25,20
5,40

;u9s1°<

‘0. oz—o 1§~1
0.1-0.5
0.5-1.5
1. 5-5, o,»f
515
_,15-25 ' '
25-35
35-45
45-55
55-65 ,
65-75 10
75-85 10
85-95 10
~ 95-98.5 3.5
98.5-99.5 1.0
99,5-99.9 0.4
99.9-99.98 0.08
' 99.98-100 1 0.02

‘Annual suspended’ sediment’

= 17,800 t/kn?

H-200


http:1,011.50
http:1,190.00
http:99.9-99.98
http:0.00-0.02

TABLE H-20

ANNUAL SUSPENDED SEDIMENT
JRAGUNG RIVER AT BORANGAN BRIDGE
1978 - 1979

Mid Water Sediment ~ Sediment
Ordinate Diacharge Concentration Load

' VLimits-.ﬁl'?

Interval

252.00
216.00
380.00
.. 525.00
- 487,90
546,00
195.00
75,60

0,00-0,02 -
' ;OFdZ%O;ig
. 0.1-0.5 0.4
1.5 5.0 -
5-15
‘15f25 .
25-35
35-45
45-55
55-65
65-75- °
75-85 .
85-95
95-98.5 3.5 96.75
98.5-99.5 1,0 99.0
99.5-99.9 0.4 99.7
99.9-99,98 0.08 99.94
99,98-100 0.02 99,99

Annual ‘suspended gediment lpadk

2718.22 .x 3,600 %24’ % 365,25



http:99.9-99.98
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INTRODUCTION

General

The Davis Model is a geological interpretation of the erosion and -
sedimentation processes. The model is one of rapid uplift of the land
nasses followed by slower erosion of its gsurface.

Some meximumfretes‘of uplift in the world are:
inmalayan. Mountains ) '5',mm/yearL

;:'Cal:lforn:la‘Mbuntain8 Qfﬂ,".
fGreat Lakea

7New Zeala
Java ‘?~

The uplift in the Himalayans is a reault of the Indian plate:crushing“;
into the plate to the north.

The uplift of. the Great LakeM is’

by the removal of the dce covering the: areazduringv_heflast continentalf
glaciation.

areas. ' Here are some examples of denudation rates;“

United States, average

Iowa, loees
'{bJeva prietine

}{jLNew Guinea, earthquake!




Some Relations

The amount of runoff
from pristine watersheds
"in the tropics depends
mostly on the amount of
rainfall., The relation
for Java is shown in )
Figure 1. Where the L
B annualkrainfall is very
low, there.ie.no runoff. ;
,Where rainfall is greater;
:runoff 1e also greater.: :

For'the Jragung'catén-:ﬁ*f
ment, the annual rainfalli
is- approximately 2700 mm
and the runoff 1300 mm

_ Sediment Yield

: Figlll‘.‘e
O T sediment yield and
ground cover.m

—>

~ Runoff, mm/y

© croma Cover 71

The,ﬂelation between

~ . Tatnfall, mfy

Figgre 1 Runoff from rainfall ,

for priatine watersheds

'fGround over is ‘the rocks

rleavesr‘tﬁige, plants moss :d
iand ,tner organic materials‘{
}icovering ‘the surface of the
‘ieoil'

'?.If the entire surface.f

is well covered the erosion:

:‘ie small. ‘When there isnvy
tllittle or no ground cover,
'gthe eroeion is very large. -
iThe relation is shown in

?fFigure 3.



Rainwater causes R
most of the erosion in tﬁ
the tropice. Also rain :i
results in a luah %
growth of vegetation ;
creating ground cover §
which prevents erosion. ;-g«
Thus there is as unique & R
value of precipitation ; 0 Rainfall, mm/y ° 4000
‘which results in the
- maximum erosion as shown , -
- in Figure 3. .Afbfﬁfﬂ”x_g ‘Pimire 3: The optimum rainfall
e S to produce maximum
erosion.

Under pristine conditions the sediment yield for Java ~may have

been as low as 500 to 2 000 t/km /y (metric tone per square kilometer
per year). ~ : - ' '

Topography has a profound effect on eroeion.” Because gravity

forces actiug to move rock and soillare greater on elopes than.on.
flat land, steep sloping basins have more erosion than flatter o

basins. A commonly used number to repreeent topography is the relief-f
to-length ratio {llustrated in Figure b

. :'Sandatohes;

— AT,

Mean relief/length

_?1tﬁe§aediment yield.,
=3~



Not all the sediment
eroded from a catchment
leaves that catchment.
Some 1s deposited in the

c/kally

flatter areas, some is

caught in paddies or in

ditches. Also, the ‘
' flatter parts of a . oy

Sediment Yield.

catchment produce

id 1 TS E—T}
less erosion than the i 10 10t 10 10 2

g 2
. . area, km“.
‘steeper,part.v_ﬁence,qj_; -Drainage area, X
‘sediment yleld decreases.

as we go downstreamlin'; QFiédre?g. -Sediment yield from
' S various sizes ‘of

a catchment. catchments

The lithology of the beain: can be an important factor in
erosion. When the rock is’ extremely durable, the rate of erosion
is governed by the weathering of the rock and not rainfall.u However,{
in Java weathering appears to’ be faster than erosion (up i1l now) ‘
go there are deep soils and very little exposed rock.‘ Reports by
Rutten in 1917 indicate soila derived from volcanic rock are the
least erodible. Rutten's valuee are. given below and represent the
amount of sediment and dissolved chemicals removed fram the
catchments in Java. '

Region Total Yield
: t/km /y

 Volcante 250 1,500
. Matn'voleantcs’ .800-='2,000
" Mixed - 750 - 7,500 ,_'
’.Z"j”:Sed:l.mentary 4,000 ~ 12, soo




Corresponding values for the catchments under land-use condition -
currently existing in Java are larger now.

Some Definitions

: The development of the vocabulary used to talk ‘about erosion and:
' sedimentation has taken some time. Disagreement still exists as ‘to ‘7'
the meaning of ‘some words and the processes these words are meant to
describe. Herein, the latest definitions published by the. American
Soclety of Civil Engineers are employed.

Erosion is the loosening or dissolving and removal of earthly or:
) rock materials from any part of the earth's surface.-[;'j
' ~Erosion is often differentiated according to the eroding
agent (wind, water, rain-splash) -and the type of | source {
(sheet, gully, rill, etc.) -

Sediment is the particulate matter of mineral composition derived
from the soil or rock by . eroaion.‘m

Shect erosion 1s the wearing away of a thin laye;“of land surface._,j
This is Jnterpreted to include rill -erosio unless otherwisew

specified. Sheet erosion is the principal mode of erosion :
in the upland agricultural area of the Jragung catchment.,fkﬁ

Rill erosion is the removal of soil by small concentrations of
‘flowing water, with the formation of channels that are
'small enough to be smoot:ed completely by normal mechanical

erosion is very common in the

;'7pfcultivation methods.

75f: upland agricultural reas’ of Java and along road cuts.



Soil loss 1s the quantity of soil actually removed by erosion from
small tests areas. In large areas, most of which is
eroded is not removed from the arra. Watersheds in U.S.A.

are large so the soil loss can ngt be estimated accurately.

Gully 1is the removal of soil by concentrations of flowing water
sufficient to cause the formation of channels that cannot
be smoothed completely by normal mechanical cultiva;ion
methods. Gully erosion is very common in the teak planta~
tions in the Jragung catchment,

Sediment oelivery ratio is a measure of the diminution of eroded |
sediments, by deposition, as they move from the point of
erosion to any designated downstream location. This is .
also expressed as a percentage of the eroded material that
reaches a given measuring point. In the pilot'wetetehede;,
the sediment delivery rates are almost»unity.

Sediment. xield 1s the total sediment outflow from a watetshed or .
drainage basin, measurable at a croes section of refetencef
in a specified period of time. The lateet estimate of :
sediment yield for the Jragung damaite ie 16 000 t/km Iy.;f

Rate of erosion is the rate at which soil ie'eroﬂed ffom aigiven'f”
area. This is usually expressed. 1n volume or weight unite
per unit of area and time. When the areas involved are &
small, the rate of erosion, eoil loes and sediment yield ﬁ

e

are equivalent.



Sediment Yield

Except for small plots, a few hundred square meters in size, we
are not able to determine any values other than the sediment yield.
That is, such factors as the soil erosion are unknown. One can
place a peg in the ground and record how fast the soil is removed
from around the peg, but this cannot be done for a watershed. It is

too expensive.

The sediment yield can be measured at the streamgaging stations.
Algo, sedimentation rates in reservoirs and in deltas at the gea can

be measured by surveying.

Possibly the best estimate of sediment yield made in Java is
" that for the Cimanuk delta. The growth of the delta has been measured
over a period of years. This growth indicates that the sediment yield
is at least 4,600-t/km2/y. In parts of the upper watershed, the yield
is as large as 12,000 t/kmzly.

In Jratunseluna Basin, SMEC's current estimate of the sedinunn:yield
at the Kedungombo damsite is 2,410 t/kmzly.

The lateet estimate of sediment yield for ;éteéﬁﬁﬁ*deﬁsitefiee

16,000 t/km /y.

Possibly the worst erosion in’ Java is in ‘a: portion of the
Serayu basin. The estimate of sediment yield for one small subbasin
1s greater than 30, 000 t/km /y.

A it is best to use units qf t/kmzly to report sediment yield,
‘beeauee the dry unit weight of the residual soils in the catchment

are not known - and they may vary greatly from place to place. For
- example, SMEC‘has‘meaeured the sediment yieid for the Kedungombo

-7 -



damsite on the Serang River. The average is 2,410 t/kmzly. If we
assume the dry unit weight of soil is 1.5 t/ma, this yield is equivalent
to an average of 1.6 mm over the entire catchment. However, if the

dry unit weight of soil is only 1.0 tlm3, the average would be 2.4 mm

Properties of Soils

Soil erosion occurs when the impact or pressure forces caused
by wind, rain or flowing water exceeds those forces holding the soil
particles in their matrix. For granular particles like sand, gravity
is the principal force holding the particle in its rest position.
With loams and clays, the forces resisting erosion are mainly the
result of ionic attractions between particles. The erodibility of
these fine soils can éhange depending on the moisture content or can
be modified by adding chemicals. For example, there are volcanic
soils in Indonesia which do not erode when wet. But if the soil is
dried, the forces within the soil are destroyed and there ig very

little resistance to erosion.

The erodibility of tropical soil has been studied to some
extent in Hawaii and more recently in Java. The erodibility of some
tropical soils has been related to strﬁcturai and hydrologic parameters
which can be readily measured. One significant finding was that
there are major erosional differences between regidual .and volcanic

ash soils in the tropics.

The indication is that base saturation, certain particle size
parameters, the amorphous constituent, aégregate stability and
'suepeneion percentage are most strongly correlated with erodibility.
These\paraﬁeters are different than those proposed for the U.S. main-
land.



For the tropical soils tested inFHawaii, bulk density, percentage
of organic matter, structural permeability, and crystalline mineral
classes were the least correlated with erodibility.

For residual soils, the hydrologic parameters (infiltration rate
and permeability) are among the five most necessary parameters for
predicting erodibility. For volcanic ash solls, the mean weight,
diameter of aggregate, clay percent, and the change in pH were the
most important.

- Properties of Sediment

Once the soil particles are eroded, they become sediment. The
properties of importance are those that affect how the particles are
transported by the fluid - either air or water. These properties
are size, shape, specific weight and surface charge.

Size and volume are interchangable, size is the common . term

used in sedimentation work. The size ranges for sediment follow.

Size CIaesification Sy
(After ASCE Sedimentationvnanual)

Class Name

Clay
s
waand
{/Gravel
ffCobbles
' Boulders




The size for silts and clays are determined by hydrometers; sands
and gravels are most commonly sieved and cobbles and boulders are
measured individually.

Size can be determined by dropping the sediment in still water
and measuring the fall velocity. The effects of particle size, area,
specific weight, fluid density and viscosity determine the fall velocity.
The sedimentation diameter is the diameter of a sphere of the same
specific weight and the same terminal settling velocity as the given
particle in the same sedimentation fluid.

- Shape determines the amount of hydrodynamic drag and 1ift which
can be developed on the particle to keep it in euspeneion or moving
along the bed of the channel. Diak-shaped particles like clay and
silt have ‘larger hydrodynamicrdrag and lift coefficients than apherical
particles like sand. It is then. eaaier for: the £luid to | move silt _;"7*
and clay particles. ' SRR

The specific weight of the particles 15 a measure of the gravi--f
tional force acting on the particle.. Sediment with a: large specific
weight is more difficult to move than light sediment. 49

specific weights are given below.

Approximate Specific Weiéﬁﬁf

Magnetic’
Feldspar
Qharfz' ’
_Chert .

:Carb ate’particlesﬁ

- ‘10 ‘-_



Surface charge has an important effect on the settlenent properties
of clay. If the particles are attracted to each other, they group to-
gether to form an aggregate which settles much faster than the individual
particles.

When the sediment is transported to a reservoir and then deposited,
the specific weight of the sediment deposit is an important conaideration.,
'The specific weight is defined as the dry unit weight of the sedimentary
'materialvwithin a unit volume. The common units are kg/m or t/m .

Deposited clays have the smallest specific weight. Initially, the
deposit ‘of clay is often no more than 300 kg/m3 In time, the clay
deposit consolidatss and the specific weight increases. Siit deposits
have slightly larger specific weights than consolidated clay deposits.__ﬂ
Deposita of sand have a specific weight of approximately 1, 600 ks/m '
and do not consolidate.

The specific weight of a mixture of particles ia determined by
adding the fraction contributed by each size. For example, for the
mixture of clay, silt, sand and gravels which willf'ejdeposited in
the Jragung, the average specific weight wag: computed as l 000 kg/ma,g:

The estimate PRC/ECI uses for the dry unit weight of sedimen_, ;h;
" deposited in the reservoirs in the Jratunseluna Basin is 1 000 kg/m ,?i
This is the value obtained in investigations of the Cimanuk delta in 'V.L
the Java Sea. The dry unit weight of the soil deposited in ‘the’ Demak" .
plain has been measured in many studies. Values reported by NEDECO o
in 1978 [N6] ranged from 860 kg/m3 to 1,460 kg/m31 . The average is o
approximately 1, 200 kg/m The. samples of soi"wereltaken in 33 borings "
at depths of 1, 3 and 5 m In other studieili ”thm same area, the
";values range from 800 to 1 300 kg/m .;]j o




~ Samples of alluvial soil were taken up to a depth of 25 m in the
floodplain of the Citanduy and Ciseel Rivers at the proposed cross-
connection in 1978 and 1979. The general classification of the soil
18 organic clay. The soil contains shells as well indicating a marine
origin. '

The average dry unit weight of the<samp1es were as follows.

‘Classification , g:mp‘;i . Dry Unit Weight
g n t/m
More than 50% clay’ 26 0.89
Mb:g_tﬁdqisoz éiit? 7
ﬁbtg,:ﬁénESOziééﬁa’ e Y

“The average dry-w@ight,ﬁprggllf4?:#;@&1&

s



THE CHANGING LANDSCAPE

General

A pictorial view of the landscape is shown in Figure 6. Parts
of the landscape are being eroded and deposition is occuring in other

areas.:

In general erosion occurs in ome or more of these areas:

;Sheet and ril

4¢£§gié;lbﬁyﬁéié;éhd;égpbbédgaoils in1th§"

:_fDegradation; n in r drainageways”.

°3;fKGully erosion in the up
~_4i~ Floodplain scour'which 1 'ry;upcgﬁﬁénginfda§A:;__

5. “Streambed degradation..w h‘is slight in the uplands and
non-existent in the low areas of: the Jratunseluna basin.,

6, 'Riverbend ‘scour
7. Landslides

Deposition of sediment also occurs in the catchments in

areas where the velocity of the water decreases. Commonly these;

areas have deposition., _

8. In areas where the overland flow passes through grass or:
depressions and where there ‘re decreases in slope.

9. On the floor or, floodplaii of the valleys

10. On point bars |

ﬁll; Onjportions of the streambed.

What evidence of erosion is there in the Jragung catchment? Here is
what one can find by roaming around in the basin and in the area

‘downstream in the service area:

- ;3’-



Bare soil over large areas
Upland crops with drainage down the slope
Soil pedestals
Trees and plants with roots exposed
Gullies in the teak forests |
Large slides and slumps into the river‘
“'Riverbend erosion
.V!?River gets smaller as one goes downstream on, the plains

"H‘Sediment deposited on the crest of the Jragung Weir

' Irrigation canals with offtakes on the river are heavily
;sedimented ",%:, RN R ,

Water is extremely dirty lookingﬂduring floods

After ‘every flood there are new deposits of silt and;ilay
on the floodplain, sometimes 10 cm: thick. S L

The extent that the land resource has been destroyed is reflected;
in the fact that the top horizons of the normal productive soil are e
missing in many parts of the watersheds. It is these top horizons
that provide much of the plant nutrients and a reservoir of water

for plant growth.

Figures from around the world indicate that the total wastage
of soil is worse than ever and that little progress “has been made
in stopping the exploitation of this resource. Two reasons may account
for the lack of progress. First, the restriction necessary to
prevent soll exploitation are socially and politically unacceptable
to. people and to government when such exploitation is adding to the
immediate prosperity of individuals and the nation. Secandly, in
a hungry world it is difficult to restrict growing badly needed
food even 1if its production now means the reduction of 1ong-term
productivity.,mw ;{ T

1 -


http:watersheds.'.It
http:been-destroye4.is
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In looking for solutions to erosion problems, we must be
, concerned ‘with the political as well as the economical and technical
- feasibility. Herein, the physical processes of erosion and sedimenta-
‘tion are described.

Sheet and Ri1l Frosion

»v'ﬁ_The universal soil loss equation was developed by the U.S. Depart-
‘__ment’of Agriculture with experimental data collected from cultivated
Plots. The purpose of the research was to develop a method

of predicting soil loss from agricultural land under various cropping
patterns and conservation management program. In general, the equationz,
can be used to predict yield from small fields but not from larger }M¢.Q.
watersheds, The equation is applicable only for sheet and rill erosion.

The universal soil-loss eduation_is;presenteﬁeingthleornﬁ

>
i

RKL s,c‘--i’:

in which = average soil loss, t/ha

= rainfall erosivity factor, tm/ha
= goil erodibility factor. t/ha/unit‘Jf R‘;
slope length factor |

= slope gradient factor

= crop management factor

R B IR I
]

= erosion control practice factor

The rainfall erostvity factorlis a 2 number indicating the impact:.
power of the rain snd the erosive;power ‘of moving:wate

for this factor s o

‘=16 -h



Bl

1000

in which E = kinetic energy 6f the s.orm rainfall, tm/ha

130 = maximum 30-minute intensity during the storm,
mn/h -

»

Thecomponent: of E occuring during a fraction of the storm.

v<121+ 8-19110;';!1.)‘ S

1uwhich p. : amount of storm rainfall 1n t:ime :.kA k'
| ' R :Lntensity of rainfall :I.n time :

Then for the storm
E = Le

and P = Lp

the summation being for all increment:s of time At compris:lng‘ one:{,‘"-
storm. Here P is the l:ol:al st:orm ra:lnfall in mm. ‘ '

Researchers in Indonesia have shownt:hat, whenaveragedfor

many storms,

E = 26,77

d :
. ans 13.7°F

= cretmpm——
30 . Pt 100 ;




These two equations were developed from rainfall records for the
tropical storms experienced in that country. Then, for each stom

ﬂnumber of daye with rain
P -1'maximum daily rainfall,“_,

approximately 1, 900 tm/ha to 8 000 tm/ha.,

Under field conditiona, the distribution o
within the year in relation to: aeasonal vegetat ve
residue effects is very important._ High inteneity ain’w n. is .
little foliage produces much more erosion than when the rops have fifii

R

maximum foliage.

The soil erodibility factor K is a measure of the rate at which '
a soil erodes under standard conditions of slope and cultivation.
The factor is the rate of soil loss from a hectare of land 22.1m
long with a 9 percent slope under conditions of continuoue cultivatedl;u
‘ fallow when the rainfall erosivity factor is unity.,,‘. .

- 18"(-‘-‘



Values of K are determined from plot studies cn various soils. In
the Pacific, K values have been obtained in Hawaii and Indonesia. In
Java, soils derived from volcanic rock have K values approximately
10 times less than those derived from marine sediments. As shown below,

typical values are 0.03 and 0.3 t/ha/unit of R.

Soil Erodibility
t/ha/unit of R

fLathosol o 0.034 - 0.104

'Grumosol } 0.204
'”Mediterranean : o.140-- 0.260

Values of K obtained in Hawaii rauge from 0.2 to l 1 t/ha/unit
of R. In the mainland statee, K varies from 0.04 to 1.6 t/ha/unit
of R. ‘ ‘

' The slope length factor is the ratio of soil loss from a specific
length of slope to that with a length of 22.1 m. The sld}e length 1is
the distance from the point where overland flow begins to the point
where the slope decreaees.to the extent that deposition begins or to
where runoff enters a well-defined channel which is part of the drainage
network., |

The L factor is given by the expression

a
L = ("

in which = length of slope,
= 0. 5 if the slope ie greater than 5%
= QQ 4 1f the slope is 4%

\_eAiﬁei if the slope is 3% or less

- 19 -



The slope gradient factor 1s the ratio of soil loss from a apecifié
percent slope to that on a 9 percent gradient. The expression for this
factor is

430 s:ln2 8 + 30 sin 6 + 0.43

6.57

S =

in which_
o @ = sglope angle, degrees

the crop management factor ie the ratio of soil loss from land.
cropped‘under specified conditions to the corresponding loss from
tilled‘continuoue fallow. In physical terms it describes the effect
of vegetation in protecting the soil from erosion. Continuous fallow =
18 land that has been tilled and kept free of vegetation for a period
of at leaqt three years or until prior crop residues have decoyposed.x

As there are many combinations of crop and soil ﬁanagemeur; the 
crop management factor is quite variable. Crop residue can be reﬁoved
left on the surface, or plowed under. Seedbeds can be left rough with :
much available surface capacity for rainfall, or they cap_be left
smooth, ~ Different combinations of these variables have different S

effects on gsoil loss.

The effectiveness of crop residue depends on,thé;ahouht of rési@def
kept on the surface. The canopy protection of crops depends on the
type of vegetation and varies greatly in different months or seasons. :
Therefore, the overall erosion-reduction effectiveness of a crop ‘
depends largely on how much of the erosive: rainfall occurs during th
periods when the crop and crop residues provide the most protection.’_d;f,

Z20 -,



Some typical crop man&gement factors are:

Crop C Value

Bare, continuously fallow, up

and downhill cultivation 1.00
Upland rice at 0.2 x 0.3 m

followed by groundnuts 0.45
Upland rice followed by fallow 0.71
Sorghum at 0.2 x 0.5 m 0.30
Sorghum at 0.3 x 0.6 m 0.61
Cassava . 0.51
1Peanute | .‘ .v -,  5 ff;;: 0.4 to 0.8

nPalm trees. coffee.fcocoa

with cover crop | } }gg}w;gbﬁd}3
Forests, dense ahrnbs, high {;,ﬂ:g;hMQ
mulch crops ,_,v W  ) /04001
Savannsh, prairde in good _ ‘j‘wgif_
condition Sl 0.01

The erosion control practice factor is the ratio of soil
loss from a plot with specified éoﬁsérVation practice to the soil
loss occurring from up and down h111 tillage operations when other
conditions remain constant.

Terraces are eff;ctive mechanical practices used to reduce
soil loss. Typical P values for terraces in Java range between
'0.03 and 0,05 for the benched type and 0.10 to 0.50 for the broad-
_:bébed type. Terraces in shallow soils sometimea have P valves
.gfe;tar than 1.0



The primary value of the universal soil loss equation is in
comparing different crop and conservation practices. We can use the
equation to predict how much soil can be saved. The two factors which
can be manipulated are the crop management factor and the erosion

control practice factor.

The factor C is by far the most important manipulative factor.
In fact, as long as the vegetal cover is uninterrupted, whether it is
forest, bush, savannah, and pasture land, or a simple mulch, erosion
and runoff are small despite the erosivity of the rainfall, slope
steepness, and soil instability. Studies have shown that when the soil
i8 totally denuded in the trorics, erosion becomes catastrophic; soil
losses are multiplied by 100 to 1,000 and the flow by 20 to 50.
Under cultivation, erosion is intermediate and varies to a large degree
according to the type of crop, the rapidity with which it covers the
soil and the cultural techniques put into use to encourage its growth.
Density and earliness of planting, cultivation of the soil, sppropriate
fertilizers, and return of plant residues play a predominant role.

Control of erosion by crop management is just "good farming",
The costs are iow and benefits are high. We should strive to reduce
the soil loss from agricultural land to no more than 5,000 t/km?/y in
the hilly tropics.

Many erosion contrnl practices cost very little. Row crop
ciltivatio~ and contour cultivation are two inexpensive methods.
ﬁé&ﬁiﬁiéai measures such as bench terraces are very effective but

éxpensive.

P



Other Erosion

The Universal 5Soil-Loss Equation is valid for small plots having
only sheet and rill erosion. The other types of erosion are determined
in the following manner.

Frosion in minor channels: Surveys are used to determine the
amount of this erosion.

Erosion

Marker //’ //,,-String
/ | 1 1 2 1 1 L
¥

T 1 \ § ) ¥ L :

Stake

Measure depth
at all markers

Profile this year rofile next year

Figure 7.: Cross-section of a minor channelg-

Gillies: Gully erosion mist be méasured also. Gullies a¥e wiafor
ificigions into the landscape and are characterized by- a
vertical headcut. The movément of siich a headedt up é
#iinor channel is shown in Figure 8.

Floodplain Scour: Floodplain scour is very difficult and expensive
to measure. In Jratunseluna Basin, floodplain scour is not
important as deposition normally occurs; there is so much
sediment in the floodwater.

*Riverbed Degradation: Riverbed degradation is the slow removal of
bed material along a reach of river created by increased
sediment transport due to a general increase in velocity.
Riverbed degradation differs from local scour which is
caused by increased turbulence in the flow.
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One way is to determine the degiadation in a reach of river
by surveying cross sections of the reach in a sequence of years
as shown in Figure 9 below.

;*FRiﬁe:bedjiest,jeer

Degradation Riverbed this year

‘Figure 9: Cross—section of a River Showing
Degradation..g»g T ey i

Msny cross sections ere needed to‘prov ti
degrading. One or two 19 not enougﬁ.
be taken in the ssme spot each year and th ‘su'
during the dry season. ' v

Another wef to determine degradatioh 1@1:5 use the data
collected at the'streamgeging station. _Wheﬁ each discharge 1s
measured, measurements of stage, G (often called gage height),

| top-width, T and cross-sectienal area A are also made. See
Figure 10, - ER ’

v‘?Alzs‘ K



- Staff gage

(Mater 'aurface

Figure 10: Cro's'ba Section ataStreamsagingStation

i

We define the riverbed level at the gaging station as

Riverbed Level = Sta‘g‘e‘ - Averase : depth

-G-y

in which y = -iT‘-



Now the riverbed level is plotted versus the time when
each discharge measurement was made. Two examples of degradation
determined this way are shown below.

Downward trend indicates
degradation.,

‘a. Many measurements .

General downward trend indicates
degradation. ‘ EEA e
- 0
n
2 -}
-5.
>
=
%

1969 - 1970

b. A few megsu:eﬁedted

Cross-section.

Figure 1 ¢ Riverbef?Degradation atf??
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Riverbank Erosion: Riverbank erosion rates are usually obtained
by using aerial photographs taken in different years to
measure how fast the bankline is moving laterally. The units
used to report the erosion are m/y (meters of erosion per year)
or ha/km/y (hectares per kilometer of riverbank per year).

The plan view of a river reach is shown in Figure 12,
4 "l'he locet:lon of the riverbank at year 1 and n years later
';are :lnd:lceted. I.et

A1- i aarface area eroded in bend 1 in (n-1) years, ha
1-1 " ‘length of eroding bankline in bend 1, im -

Then the apparent erosion aloag the left benk 1n
bend 1 is

h e

Landslides: The common way ie to meaeure the surface area and
volume of the elide and try to determine a relation between
the two. The eurface area and croas sections through a o
slide are shown 1in. Figure 13 along with a plot of surface
area versus volume of slide. ' ey

Slides are very comon when eevere ra:l.natorms or
earthquakes occur.’ 'ryphoona create many 1 lidee _
and the Philippines. e
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Figure 13: Erosion by Sliding



Deposition

Upland Areas: Deposition in upland areas where sheet and rill
erosion occur is very difficult and expensive to measure.
The deposition occurs where the velocity decreases due either

oy
Q7
N3

Some deﬁosition
- in grass

‘Erosion

_Jf"#";"'

Erosion

bepoaition at change
in gradient.

Figurei-14: fDepésition in Upland Areas
Erosion 1s. less and deposition is greater as we go downstrean’

in most watersheds:

s sxedton lade dejontttof:

_Less erosion
J?’fmofg‘depoaition

Sediment Yield
t/kn fy
—
o
N
)

101l 1 y
100", 103 10

QQééﬁﬁgnt area, km?

jFié&fe?'ISé; Sediment Yield Versus Catchmeht area.
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Valley or Floodplain Deposition: This deposition occurs when
sediment-laden rivers overflow their banks. ~The deposits

of sediment between the levees of the Tuntang River are
illustrated in Figure 16.

R Tuntang River

';"ﬁéw:nepoeits

Figure 16: Croeﬁesecfioneofﬁfﬁeiiﬁngenéfgfﬁerf

The dowmstream 50 km reach of the Tuntang River 19 leveed to
the Java Sea, Constructed many yeara ago. the ttver and its levees
were aurveyed again by. the Jratunseluna Project in June 1972,

The surveys show that the floodplain between the levees is nearly
filled with sediment. The indication_is that the riverbed has not
yet aggraded. The distance between the levees varies from a minimum
of approximately 150 m to a maximum of slightly more than 1 km.

‘Tne’elevatione of the floodplain inside and outside the levees
rfin 191§31§ shown in Figure 17 along with the average riverbed level.
' Ihe cenoaite in the floodplain inside the levees ranged linearly from
7‘4_5 deep at the Semarang to Surabaya road at Gubung (km 45) to
almost nil at the Java Sea. The bankfull depth was approximately
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6 m at the road and 2 m at the sea.

As the new deposits on the floodplain are primarily clay and

gometimes up to 15 cm deep in unleveed areas, one can measure the
depth of deposit with a ruler. A crogss-section of a new floodplain.

deposit along the Citanduy River is ghowm in Figure 18.

Mud dries, shinks
and cracks

o shl'iﬂkage ——I

Initially the depoait
13 wet mud. L

Figure 18: New Clay Depoaits on the Floodplain

Point-bar Deposition: As a river moves la;frally, bedumterial

amount of deposition can be m ngbthe same‘cross

iverbankAeroeion. .

gections as those used' to megy -
An example is shown in F@guié?}?_,,,__i. _"57" S

Riverbed Aggradation: Aggradation ‘s’the general raising of the

riverbed over a reach ) fnggradation is the opposite

of degradation and can e ‘sured in the same way.

Surveying many cross sections in sequent years is the

most common,or one can study the data collected at the’ -'

stteamgaging stations.f An upward trend in the plot of
:o;iverbed level: (G A/7) versua time is evidence of aggtadation.
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Delta Formation: The sediment which is carried to the sea may
he moved offshore onto shelfs or into bars. Some can be carried
along the shoreline and be deposited.

Sometimes the deposits are at the mouth of the river
and form a delta.

Along the south coast of Java, the wave action is
incessant, the tidal range 1s 2 m, the surf is 2 to 3 m high
and the longshore currents are very strong. There are no
deltas.

Along the north coast of Java, the waves are low, the
tides are but a fraction of a meter and the gea 1s shallow.
Here deltas form:

' In 1948 the Cimanuk River changed courses and cut its
current main channel to the sea. From aerial photographs
and ocean soundings made in 1969, the amount of material
déposited in the delta in the 22-year period from 1948 to
1969 was determined. [See SMEC Report on Cimanuk Project of
May 1977]. This amount of deposit is equivalent to an average
seédiment yleld of approximately 4,500 t/kmZ/y.

Reéservoirs: Sediment i1s deposited in reservoirs in the same
mafiief a8 in other locations:. Where the velocity of the
water 1s decreased, some of the sediment load is deposited.

Récords of measurements of reservoir deposition in
Java are scarce, difficult to obtain and are often questionable
il térhs of dccuracy.

The information made available to us indicates that
tﬁé sedimentation rate in the Cacaban reservoir has been larg:
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In 1956, the capacity of the Cacaban rcservoir was approximately
90 x 106 m3. The surface area of the water at full supply level was
approximately 9 kmz. The catchment area upstream from the dam is
66 kmz according to the 1:50,000 scale topographic map made in the period
between 1910 and 1920. Another old source indicates the catchment

area is 80 kmz.

The reservoir was resurveyed in 1972 and the volume found to be
71 x 106 m3. The volume of sediment deposited in the 17 year period

wag 19 x 106 m3 or approximately 1.1 x 106 m3/y.

Assuming the catchment area is 80 km2 and that only 71 km2 con~
tributes sediment, the average sediment yield must have been at least
15,500 t/kmzly. The dry unit weight of the sediment in the reservoir
is assumed to be 1.0 t/m”,

Mat Kayu 1s another reservoir built in 1930. At that time, the

capacity was 53.5 x 106 m3 and the surface area was 8 km2 at full

supply level. The catchment area upstream from the dam is 62 km2

according to the old topographic maps. In 1972, the volume of water
storage had been reduced to 14 x 106 m3. The volume of deposits

which had accummulated in 42 years of operation was 39.5 x 106 m3

or 0.94 x 106 msly. The sediment yield is then at least 17,400 t/khzli

for the catclment supply sedimeint.
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SEDIMENT TRANSPORT

Some Definitions

Sediment particles are Path of suspended particle

held in suspension in flowing

water by the turbulence in the

Water surface

flow. These particles are

called Suspended Sediment. %

r.Particle

Riverbed

Figure 20: Suspended Sediment

Those patticles of sedimerit
which afe rolled of boinced along
the bed of the fiver are called
Bed Load

“ Path of bed=load partieie.

S T

F.‘;.gure .21 Bed L6ad ‘
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The suspended load can be divided into frwo parté. Firet, there
is the wash load ~ suspended sediment particles not found in appreciable'
quantities on the bed of the river. Wash load is usually silt and clay
but i1f the velocity of the river is very fast, sand can be wash load.

. Second, there is bed-material in suspension. These are particles of
the same sizes as those found on the bed but they are moving along
in suspension. This load is called the suspended bed-material load.

To judge whether the suspended sediment in a river at any location
is wash load or not, we use the relationship between the Rouse number,

the coiicentration and depth in the flow.
The Rotise numbet is

< . w
i o gl
= fail velocity of the sediment particle; w/a

a coefficient

Haere

= 5 x

& 0:4
' = the sheat velocity

_The terin ¥, hias uidts of velocity and is merely & way of writing

‘& méah or average bed shear stress.

& daigity of water

TG
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For convenience, we

stress as
!
in w‘n:lc‘n 'C
V

have defined one portion of the average shear

’;cl _ gsf V2

= ghear stress on a flat riverbed

'w Darcy's friction factor
= average velocity of the flow in the river.

, !
=

e 'menV* - VE v . ,f. ‘

8 [

Now when the fall velocity 15 low (amall particles like eilt and clay)
and the strean ‘velocity V is large,z 13 small

When the fall velocity W is large (large particles like gtavel)
and the stream velocity is low, z 1- large. B :

The concentration (representing thz mass of particles) of sediment
in suspeneion varies with the Rouse number of the particles in suspension,

and distance above
Pigure 22,

the bed of the river. The relation 18 shown in
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ggr__ -Variation of Concentration of Suspended Sediment

" C wit:h depth y and Rouse Number.




Here ¢ = the concentration of sediment at a level y above the
bed
Cy = the concentration of sediment a distance
a = 0.05d above the bed
d = the total depth of flow

The units_of concentration are

Weight of Sediment . g Weight of Sediment _ _ug
Weight of Water + sediment Volume of water + sediment

1

That is, milligrams of sédiment per liter of water and
gediment. 4

Bed-material Load consists of all the particlea carried in SR
suspension or rolled along the bed which: are found in appteciable
quantities on the river bed. )

Bed-material load consists of all the bed-load and that pdttioﬂ of"
the suspended sediment load which is not wdsh load. EaEe

r

Measiiriig Suspenided Sedimernt

1f 7 is very small, that is tlie sediment ig very fine and the
velocity is large, the suspended sediment concentration does not
vary with depth, Then, grab samples taken at the surface are a good
way to measure the suspended sediment. -

if oile does fiot know what the value of Z is, then the depth
1ﬂﬁegféted gampie is best. We take depth integrated samples at the

Tuiitaig gaging stations
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In the beginning, depth integrated samples were obtained
with a P-61 sediment sampler at the Borangan Bridge on the Jragung
River,

‘nozzle

Weight 45 kg

Bottle

Figure 23: USP61 Sampler

Depth integrated aamples'were taken from the upstream aida of the
bridge at the center of the river. Because the suspended sediment
1s almost all wash load now, it has been assumed that concentration
does not vary across the river. Now we are taking grab samples at
the center of the bridge. Samples are taken continuously on the
rising 1imb of the hydrograph and at decreasing periods of time
throughout the recession.

Most of the samples are collected at- night. The entire river
and vwork platform at the bridge is flooded with light produced by
at 10-<kva generator. '

The measured concentrations are piatted bn the automatic water
fecorder chart. -An example is shown iﬁ Figure 24, Where there are
missing data during a flood. the concentrationa are plotted against
water diachaxge and the appropriate ifiterpretation is made.
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Discharge & concentration

Missing data - o o’
.:‘sf o . Extrapolatics
3 o
R 7
! g 3
8
Concentration E log-log paper
Diaé_harge §
(3}
‘ § Measurement number
R e e
Time ' e Discharge

Figure 25: Estimating Missing bata

mation is appropriate. That is

W = 48 the weight of eed:hnent discharged in time At
6 i ] auspended sediment discharge at the beginning of

the tiie step At
0., % guspended sediment discharge at the end of the

time step At

Here

.45 -
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The suspended sediment load.is computed using the expression

Q, = 0.00% €Q

suspended sediment discharge at any instant of time,

kg/s
tp = concentration of suspended sediment, mg/l

.in which Q_

Q = water discharge, m3/a
Wt

;"“A';p‘o' o Ve 2ot oAt

Here V = vblumé of water discharged in time period At
' Ql % water discharge at the beginning of the time period At

Q2 = water discharge at the end of the time period At

During the 1 Febriuary 1979 storm, the maximum measured suspended
concentration was 68,600 mg/l. The £flood peak was 197 m3/s.

The total sediment discharged between 0800 hours on i February
and 0800 hours on 2 February was 75,800,000 kg. The volume of water
paséiiig the station was 2,450,000 msa

The average conicentration for tiie etorin was

= _ 15;800;000 i ABD. o }-;««¥;:£ﬁ*5[7g
¢ m x 1,000 & 3_0.9.?9_,931
which 18 vety; very dirty:

A sumiiaty of the monithly suspended sediment load weasured at the
‘Bfidﬁé ditifig the 1977-78 and 1978-79 wet seasons are given in

Table 2:
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TABLE 1
SUSPENDED SEDIMENT CALCULATIONS
JRAGUNG RIVER AT BORANGAN BRIDGE

T Gage | Water Sediment “Sediment Time Sediment Accumulated Water Accunulanﬁ
Date |Hour [heiglit | discharge | concentra- | discharge | increment ! discharge sediment discharged water
o m°/s tion mg/l kg/s min kg kg n3 n
1 Feb{0200 | 0.98: 1,95 1,100 2,15
1979 460 50,091 47,395
1540 | 0.95 1,48 1,000 1.48 50,091 47,395
180 15,194 15,993
1840 | 0.95: 1.48: 900 1,33 65,285 63,389
, 60: 7,249 7,516
1940 } 1.02 2,69 1:,000: 2,69 , » 72,535 70,905
.' : 1 ! ; 15: ¢ 1,088,747 17,077 .
1955 | 1.68: | 35.26) 1684550 2,416,764 | : 1,161,283 87,983
, ; : 100 | 2,359,212 51,991
2005 | 2.30' |{104.,72 :52,020: © 5,447,30) | ‘ 3,520,495 129,974
§ 13 5,017,108 98,438
2018 | 2.57 |i147.69: :50,220: . 7,417,.08. | . 8,537,604 228,413
‘ § ! 12 . 5,214,787 123,971
2030 | 2.83: |.196.67; :35,940: L 7,068.44: | 13,752,392 352,384
s : i : 10: - 4,076,174 . 117,396
2040 | 2.82 {.194.65; 133,490: © 6,518.8L | ; 17,828,567 469,781
o ) e : 80: ;24,526,835 773,423
2200 | 2.45 |127.6% 129,000 © 34700.70; ¢ ; 42,355,402 1,243,205
! . : 60) 10,510,037 383,649
2300 | 2.16 85,53: 125,000 i 2,138,210 : 52,865,439 1,626,855
' P i 75: ¢ 6,751,234 283,020
2 Jebj001S | 1.74 40.26. |i21,4201 i 862.34: ; . : ' - 59,616,674 1,909,875
1979 T B | - 75: 1 2,825,287 156,138
0130 | 1.60 29.1% {133 500" 1 393134 1 : 62,441,961 2,066,014
oL f’ o ;98 1,524,060 147,762
0308 | 1.48 21.12 - 5,920! i 125.05 | ' 63,966,021 2,213,776
: 202 1,027,571 } 198,628
0630 | 1,30 11.65 3,820 44,52 ) 64,993,592 2,412,405
' : 90 - 206,203 58,342
0800 | 1.26 9.95 3,200 31.85 65,199,795 2,470,747




TABLE 2
SUSPENDED SEDIMENT YIELD
JRAGUNG CATCHMENT UPSTREAM FROM BORANGAN BRIDGE

Suspended Water Monthly Average’
Water Year Month Sediment Discharged Concentration
kg m3 mg/1

1977-78 Nov 16,620,000 1,256,000 13,200
 Dec 386,073,000 9,377,000 41,200
~Jan 175,078,000 15,619,000 11,200

.. .Feb” 513,583,000 21,302,000 24,200 |

 ‘Mar’ 33,007,000 9,915,000 3,330

apr 56,560,000 5,750,000 . 9,840

Total 1,180,921,000 63,219,000 .

1978-79 Oct 48,733,000 4,311,000 11,300 S
Nov 10,766,000 2,964,000 3,630
Dec 76,719,000 10,802,000 7,100 -
Jan 105,780,000 17,328,000 6,100 -
Feb 107,850,000 10,228,000 10,500
Mar 51,746,000 7,656,000 6,760
Apr 213,768,000 18,732,000 11,410
May 48,882,000 5,844,000 8,30

Total 664,244,000 80,385,000



Detailed information on the Jragung River sediment sampling
program, calculations aad other relevant information are given in
Sections H-1 thru H-5 of this Appendix. This document is used as the
lecture notes for the remainder of this series on crosion and sediment-

ation.



