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Table 3.2 VEL()CITY TABLE FOR OTT C-31 CURRENT METER

CALIBRATION FOR OTT CURRENT HETER

Current meter No. 111039 Type C31 10.001
Type of support  cable suspension,
100 kg middle piece

Propeller diameter 125 om pitch  0.25m
No. 3-113318
Date of calibration January 13, 1982

if n¢ 6.5 V= 0.8825 n+ 0.032
if 0,15 ¢<n< .28 ¥= 0,978 n+ 0.018
if n> 0.28 V_= 1.0335 n + 0.002

where :
n : number of pulse/ time interval (rev/sec)
V' : water velocity (m/sec)

Current meler NO. 111039

Propeller NO. 3-113319 Date of calibratibn:January 13, 1982
unit m/sec
n-value (] 1 2 3 4 3 § 7 8 g9
0.0 0.0320 0.1203  0.2136 0.3121 0.4154 0.5188  0.6221 0.7255 0.8288 0.8322

10.0°1710.3370  10.4404 | 10.5437 10.8471 10.7504 10.8538  10.9571 11.0605 11.1638  11.2672
11,0 113705 11.4739 115772 iL.6806  11.783G  11.6673 11,9906  12.0840 12.1973  12.3007
12.0

0

0! 15,5045 15.6079 15,7112 15,8146 15.8179 16.0213 16.124% 16.2280 16.3313 - -16.4347
.0 | 16.5380  16.6414 - 16.7447 16.8481 16.9014  17.0548 17.1581 17.2613  17.3648 ~ 17.4682
G :

[N Y G
=0 O | L

20.8787 20.9821 21.0854 21.1888 21.2021 21.3955  21.4988  21.6022

[}
=
=}
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=]
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o
==
X
=}
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Table 3.5 VALUES FOR THE COMPUTATION OF THE ROUGHNESS COEFFICIENT

Channel conditions Values
Earth 0.020
Material R?ck cut . 0.025
\ . 0
invelved Fine gravel 0.024
Coarse gravel 0.@28 .
Smooth 0.000
Degree of Minor . 0.005
. - 1
irregularity Moderate 0.010
Severe 0.020
Gradual 0.000
Variations of
channel cross| Alternating occasionally | n. 0.005
section _
Alternating frequently 0.010-0.015
Negligible 0.000
Relative Minor 0.010-0.015
effect of mn |———
obstructions Appreciablc 0.020-0.030
Severe 0.040-0.060
Low 0.005-0.010
Medium 0.010-0.025.
Vegetation e
High 0.025-0.050
Yery high 0.050-0.100
Minor 1.000
Degree of .
meandering Apprecigble g ™ 11150
Severe 1,300
SOURCE Cowan, OPEN-CHANNEL HYDRAULICS
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Fig. 2.1 WATER LEVEL RECORDER, TYPE F

4 CHART
CENTIMETERS
Chart size 24cmy30cn
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Combinations with Cable-Suspended _Current’—meter

(D Double drum winch @ C31 Current meter

(@ 2215 Counter set {® Middie piece

@ Propoller @ Stabilizer tajil Piece {1.4m)}

Fig. 3.1 BANK OPERATION DOUBLE DRUM WINCH CABLE WAY
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01 Drum for the suspension-conduction cable

02 Drum for the towing cable

03 Control lever pf the horizon tal and vertical displacement
06 Distance counter

07 Depth counter

08 Slip-ring housing

Fig. 3.3 100 KG MECHANICAL DOUBLE-DRUM WINCH
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Fig, 3.4  INSTALLATION PROCEDURE OF DOUBLE-DRUM WINCH CABLE
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(8}

Election of bearing posts (1)

Fix support pulleys (2}, guide pulley (3)
and pulley block (4) to the bearing posts

Open rmbuckles (6) as far as possible and
secure track Cable (5) at both ends

Run free end of track Cable acruss the river
to the opposite post

Tension the Cable to the desired Cable sag,
then shape the end into a loop with the Cable
crumps

Cut the projecting end of the Cable at a point
+which is about 150mm from the last clamp
and wrap the Cable with wire at the point of
cut so that the strands will not unwist

Fix the Double-drum winch (7)

Haul the towing Cable (8) across the river 1o
the opposite bank and arrange it around the
guide pulley (3)

Then run the towing Cable back to the winch
post, arrange it on the pulley block (4) and
wind it around the Cable-drum of the winch(7)
and around the front guide pulley

Fasten the spllcod-in fixed Cable thimble 1o
the trnbuckle (93 with shackle {10}

Secure free end of Cable with Cable clamps
Tension the Cable to the desired Cable sap
Place trolley (12} and the Cable support pulley
{11} on the track Cable and attach lower hall

of towing Cable to the trotley.

Arrange suspension-conduction {k3) Cable
over the guide pulley (4)

Fasten Cable to suspended current meter {14)
by means of thimble

Testing operaiion to comfom proper function

After testing, attach protective cover {15) to
the opposite post
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Source : WMO, 1980 : Manual on stream gauging Vol. 1Field Noie

Fig. 3.6 POSITION OF SOUNDING WEIGHT AND LINE IN DEEP
SWIFI CHANNELS '
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Water surface
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Fig. 3.7 DEFINITION SKETCH OF MIbSECT TON METHOD OF COMPUTING CROSS-SECTION
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Fig. 3.8 DEFINITION SKETCH OF A SLOPE-AREA REACH
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HYDRAULIG COMPUTATIONS

- UNITED STATES DEPARTMENT OF THE INTERIOR
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Figure B~20.-—5ample slope-areéa computotion, discharge. 288-D-2831.

Fig. 3.9 SAMPLE OF SLOPE-AREA COMPUTATION, DISCHARGE

Source : U.S. Geological Survey
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Pregsure lype water lovel gauge Tipping bucket iype rain gauge
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Fig. 5.1  DATA PROCESSING OF DATA LOGGER
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Data Recording Form

1. For Precipitation Observation
1.1 Rain Card (existing form)
1.2 Note book for Agrometeorological/Climatological Observation (existing form)

1.3 Surface synoptic observation (existing form)

2.  For Water Level Observation
2.1  Staff Gauge Reading (existing form)

3. For Discharge Measurement
3.1 Discharge Measurement Note {existing form)
3.2 Float Measurement Record (new form)
3.3 Calculation Sheet of Float Method {(new form)

4.  For Sediment Observation
4.1 Sediment Sampling Record (existing form)
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JH. M. G. of Ncpnl
‘Depariment of Hydrology & Meteorology
. Regiunal Office

. Agrometeorological/Climatolegical

Obsecvations

NOTE-BOOK

Station Name:

Month:

Index No: Year:
CL 026
Revised June 1990
DATE: "MONTH: YEAR
™ ufgar EL
Obseryation Time (NST) —3 | 0845 ] 1145 [ 1443 | 1745
AITRT-TIT (7, AL |.) — Y qq‘(‘{ q%‘.{.-;‘ quYy
Diry bultb {°C) wes a=r arasa
. Wet bulb {°C) a1z a=r arosr R ) -IT
5 | Maximum(°C) «frean ariss ¥ x|
£ | Mintmdnt {°C} wgaa ared v =
’;* Max after.Setting fzafas 7. at. e Tx T x
F | Min afier Sening Tevfead sl | 0 | <
Dew Pouit (°C) fax fasgavsa o
* Rel. Humidity (%) anfas srz’sr”
:;,"::g Temperature (°C) ¥ s, ar, x v
3 Z 1AL Setting {C) #refemton gat] o « x
o |Oemdenty (\Cl ook @, |
é_ Sem depth {(°€Y-w. arn ¢ i Ay T
{10 cm depthi*Cry ar. 30 & 4. | - BN
E 20 ¢m depth(°C1y &1 %o i N - : T
Z 1 30 cm depth{°C) L. g1 3o &. 1. o
58 em dcp}h{‘C]-i_l_. ar e & 4., T
Anemon eter rend At fifry i
E Mcan Speed x-q;-‘;;‘%:;a af{ ) o

Direcrion degrée (51ge fame(fe) )]

Precipitation [mm) ani { tﬂ.n‘l.) |

Dew amount. (zm) fas { sy

Sl

Station Marme: Disteict:
T AT o
;’; Index No: Zone:
1 &) wrA prae
: Month: Year:
; afmn a:
Remarks:
I =+ faa:
a Dbserver's Name & Sigoatare
s ard T af
'y Checked by:
Remarks:
b
?'i‘- ) Signature
;: Copled by:
2’1. Remarks:
T Slgﬂaturc
Observation Time (NST)—-> | 0845 | 1145 | 1443 1745
- smele wag [ AR R ) > [ eevy | qqwe ] qwey | qu¥Y |
Eva. Gauge Read miaswt f17 (2] X X )
Eva. Adj Read arfers=r w—m( } 4 X
Snow depthitcm)izderagos (¥ ) .
. Duration of Sunshine-
Solarimeter Reading—
: - & 0845 | 1145 | 1445 | 1745
Miscellapeous Mcaeurs:(‘\/rﬁ'-":rm | Ry qqve, | vt | qevd
Rain gqi [ '
Drizzle faafiy waf (" } .
Shower gagsry a6t [ )
| Lightning fag=t askst (")~
m % adax ( Y _ —
Haze gatal s e ( ) - .
Fog g3t afs ( ") _
Frost i;cnt‘i @ "
| ¥1adl wiws svar (")
Freezing Rain sgatizy @i { )
‘Remark: ~
dfana:

Observer's Signature
UITEATEY HZT

Note Book for Agrometeological/climatological observation
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CENTRAL REGIONAL OFFICE

River Name

STAFF GAUGE READING

Location

Hydrology Section

&\T% . ?3‘31‘3 l‘ :A‘D

Bezie : 1990 May-June

Station No

DATE TIME | READING

TIME | READING | TIME | READING

TIME l READING

TEMP {REMARKS
:[—\:TTDay wejrinl @ | emdmlonl m [ em farfmnt w [ e fu ‘:\in! o | e o
q 113 [ i
3 t16 5 il
3 117 l | |
v 118 - l I E l - ' Il
« 9] | | [ l f
2 120 | | l f o
s 121 [ | ‘
= 22 [ i
q 123 N | :
90 i 24 { I [
I | | -
43 126 | i | |
q3 t 21 | | i !
% t 28 " | ] ! ! - .
14 129 L] | i | :
9z 130 | I i
TR IR | ;‘ g 1o
q= 1 1 -1 1 i ' ! .
33 12 l ) =
30 13 . ] ‘ i B
I ]
33 13 ' l | ‘ ! ‘
23 16 [ | |
2 ¢ ] ‘ l I ,' '
2% 1 8 I | ] ;
AN RN
e 110 | f L
3= 111 | P T
2] ] NS L
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Station No,

FLOAT MEASUREMENT RECORD £

M35-1-73

FILE NO. FM
Name of Station Recorded by
Date of Started at Weather

Measurement Ended at Wind condition
Location of WL

Float | Line - Kind throwing Water Weather Remarks

No. | No. of float time level (m) condition

Float 2



FLOAT MEASUREMENT RECORD [

FOR STARTING POINT |

T

AT R

Station No. FILE NO. FM

Name of Station Recorded by
Date of Started at Weather

Measurement |- Ended at Wind condition
Location of WL _
Float | Line | Passingtime Waier Wea'tlfer Remarks

No. | No. of float fevel (m) condition

|
Float 3
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FLOAT MEASUREMENT RECORD

LFOR FIRS

yT/SECOND OBSERVATION LINE

Station No. FILE NO. FM

Name of Station Recorded by
Date of Started at Weather

Measurement Ended at Wind condition
Location of WL
Float | Line | Passing time Water float Remarks

No. | No. of float level (m) condition
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1. GENERAL

Continnous maintenance is required for stable and reliable operation of the observation
system. Failure to periodical maintenance will cause frequent troubles and these systems
will finally fulfill no functions. Therefore, continnous maintenance is essential for

satisfactory observation system.

The maintenance is classified into INSPECTION, ADJUSTMENT and REPAIR.

The INSPECTION is the most basic item for maintenance and is important to know current
condition of instruments and facilities and previously to prevent the possibility of system

failures,

The ADJUSTMENT is required for the equipment which shows measured value exceeding
a standard value at the time of inspection. Regular calibration is recommended for specific

equipment.

Immediate REPAIR is required after finding any faults. In most cases, the faults should be
removed by replacing the defected component with spare parts. To shorten time for
restoration should be considered principally. Proper and prompt maintenance requires

complete procedure manual on maintenance.

Inspection of instruments such as recording rainfall gauge and water level gauge is
classified into two types of Inspection, DAILY/WEEKLY INSPECTION and THREE
MONTHLY/ANNUAL INSPECTION. The latter is required to be performed closer by
well-experienced technicians. The former consists of general checking by part-time

inspections. Both of inspections are very important for keeping good condition of the
syster.

2. INSPECTION SCHEDULE

A periodic inspection is required for maintaining observation system in good condition.

The instruments are made to meet stable operation for a long period without maintenance.
However it is recommended that the inspection shall be performed by following
maintenance schedule to stably operate the instrument and to previously prevent any fault.

3. PROCEDURE OF INSPECTION

In order to keep good operational condition of instruments and facilities in remote areas,
not only patrol by trained technicians but also general checking by observers is very
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effective. Daily maintenance and inspection as well as observation which will be carried
out by observers are, therefore, most basic and important activities.

The Regional Office is responsible for not only observation but also maintenance of every
instruments including surrounding facilities. The field technician should check observer's
activities and facilities in every three months and when required in accordance with this
Part 2.

Annual inspection will be conducted by the Hydrologist or the Meteorologist in order to
grasp overall condition of the station. '

3.1 Daily/Weekly Inspection by Observers

The technicians of the Regional Office who are to be in charge should bc familiar with
operation and maintenance of the instruments and transfer his knowledge to any observers
on the job. Then, the observers will correctly execute their daily job at the station by
following these manuals; '

(1)  Manual of Ordinary Rain Gauge for Observers

(2) Manual of Recording Rain Gauge (Weighing-Type Ramgauge) for Obscrvers
(3) Manual of Staff Gauge Reading for Observers

(4) Manual of Recording Water Level Gauge for Observers

The observers should inspect every instruments and facilities daily or weekly as specified
in the check sheet in order to find out abnormal condition as soon as possible. Whenever
they catch such condition, the observers ought to report to the field technician of the
Regional Office immediately.

The check sheet filled by the observers should be sent to the Regional office in the
beginning of every month. '

3.2 Periodical Inspection

The technicians who are dispatched from the relevant section of the Reglonal Ofﬁce should
examine the condition of the stations in accordance with the check sheet in every three
months and every year. In this periodical inspection, they have to check the points
explained in Section 4 and, if necessary, they should make some countermeasures and
record them by the specified format. ' |
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The technicians should review the preceding inspection reports before an inspection trip
and confirm at the station if the things mentioned in the report are improved or not.

During their stay at the station, the technicians of the Regional Office and the observers
should have opportunity to discuss some problems arising at the station. The meeting will
illuminate and encourage the persons in charge.

3.2.1  Three Month Inspection

Three month inspection should be conducted by both field technicians and mechanical
technicians of the relevant section of the Regional Office. Mechanical technicians mainly
inspect condition of recording instruments and mechanical facilities.

Inspection will be carried out in accordance with the check sheet as attached in this Manual.
Following activities should be also recorded in the check sheet.

i} Replacement of chart, battery and other parts of instruments
i) Calibration
iii) Repair work
iv)  Three month and occasional inspection
v)  Other special event

3.2.2  Annual Inspection

The annual inspection for overall checking of stations is required by the hydrologist or
meteorologist. They should review the check sheets filled by technicians as well as
recording card and chart, and point out check points before their trip.

3.3 Occasional Inspection

Whenever trouble, accident and damage occur at the station due to a big storm, flood, hail,
landslide and so on, the observer ought to inform the Regional Office by telephone or other

quick way.

The occasional inspection conducted by the field technician and relevant technicians of the
Regional Office should be made as soon as they receive such information. They will
investigate the condition and causes, and make countermeasures. The result of
investigation and countermeasures should be reported to the Central Office by the attached
"Qccasional Inspection Report”.
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4. LIST OF INSPECTION ITEMS

Items to be inspected in three month inspection at each observation station are listed and
explained in this section.

4.1  Precipitadon Gauging Station
Following items will be inspected in the three month inspection by the technicians.

1) Record "+ Card, Chart, Field notebook

il) Instruments ; Ordinary (Manual) Rain gauge
Automatic type Rain gauge
Data logger

iif) Faéilities + Observation house or steel case/cover
Foundation
Cable line
Fence
Access road/ladder

iv)  Stock

v}  Observers

Check points to be examined at the precipitation gauging station are as follows.
{1} General
Following equipments should be taken to the field:

+ Calibration equipment

* Tools

» Consumables such as chart, battery, pen etc.
~ » Inspection Manual

« Inspection Check Sheet

» Pencil and Note book

Following items should be clarified in advance of the inspection in the check sheet.

i) Date

ii) Name and code number of the station
iii) Weather condition
iv) Participation for inspection
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v)

Type of instruments

(2) Record

3

All recorded data and field notebooks should be checked in these points.

i} No lack of data ?
Confirm that required items on the cards/charts/check sheets are filled up
correctly or not, and if lack of data is due to no rainfall or absence of a
observer or machine trouble. Period and reason of lack of data should be
noted in the check sheet.

i) No abnormal data ?
Confirm that the abnormal value is correct by comparison of the data obtained
from manual gauge and automatic gauge. If there is no other gauge to compare
with, check the data of the nearest station.

iii) Are recorded data and description in the cards/charts/field notebooks legible ?
Confirm that a pencil and/or a pen are proper and instruct the observer to fill up
them carefully.

iv)  Were all data already sent to the Regional Office ?

Confirm that when and which data were submitted to the specific section of
the Regional Office without delay.
Instruments

The technicians should inspect maintenance condition of the instruments to be

maintained daily by the observers. When some obstacles to the normal operation are
found, necessary action should be taken place immediately by the technicians.

Following points will be examined by the technicians.

Ordinary Raingauge

D

Installed horizontally ?

Check the ground condition and confirm that the foundation of the gauge is

stable.
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iv)

No debris or leaves in the collector 7

To get accurate quantity, any obstruction should be removed.
No darnage of the collector ?

Even small dent should be repaired.

No leakage or crack of the inner cg,;linder ?

To be replaced or repaired, when such condition is fcﬁmd.
Proper surroundings ?

Confirm that there is no obstruction such as high trees, fences and houses, and
grass is trimmed.

Recording Raingauge'gTipping bucket-type/Weighing-t

iy}

iif)

V)

vi)

vii)

Installed horizontally ?

Check the level of instrument and confirm if the foundation of the gauge is
stable or not.

No debris or leaves in the collector 7

To get accurate quantity, any obstruction should be removed. The tipping
bucket should also be clean.

No damage of the collector and tipping bucket ?

Even small dent should be repaired.

Is fhe recording chart and pen properly set on the drum ?
Time and zero adjﬁstment are executed correctly ? |
Proper surroundings ?

Confirm that there is no obstruction such as high trees, fences and houses,

corn and grass is trimmed.

Battery check ?
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Data Lopger
i) No damage of the steel case and base ?

When damage is found, check the reason and confirm that the data logger can

work normally.
ii) No harmful things inside the sieel case 7

Any dust, insects and. water are not a]lowed inside the case.
itiy Battery still working ?

Check battery voltage by a battery voltage indication. When it is lower than
7.5 V, change batteries (in case of MDS 1I Data logger).

(4) Facilities

Facilities to protect instruments, to maintain circumstance, and to approach
instruments should be well maintained daily by observers. The technicians should
check their performance for the purpose of sustainable observation and safety

operation.
1} Observation house or steel casefcover

Check appearance of a structure protecting instruments and confirm that there
is no damage.

Inside of the structure should be dry, clean, and neat any time.
ii) Foundation

Stable and solid foundation is required so that instruments will be always
supported horizontally. Clasps at the foot of the legs of the instruments should
be also checked.

iii) Cable l_inc
Any damages caused by insects, rats or external force are not allowed.
iv) Fence
Nobody except spec.ified obsefvers is allowed to close to the instruments to

avoid troubles caused by these invader.
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v)  Approach road/ladder

In order to carry out efficient and safe observation, approach road and/or
ladder should be kept in good condition.

(5) Activities of observers

Check the observer's operation procedures and, if incorrect manner is found,
technicians should instruct and improve their activities.

(6) Swock

Consumables such as cards, chart, notebooks, pencils, pens, batteries and so on
should be always stocked and managed by the observers at the station. The
technicians should check their items and quantity by an inventory.

(7) Record of repair work or calibration in these three months

Technicians must check the workmanship of repair work and calibration, performed
by observers after pr'evio'us three month inspection. When performance does not
satisfy technicians, the observers have to do over again under control of the
technician. Other repair work and calibration conducted by technicians ot other party
should be recorded in the check sheet.

4.2  Water Level/Discharge Station
Following equipmeﬁts should be taken to the field:

« Calibration equipment

* Tools

+ Consumables such as chart, battery, pen etc.
» Inspection Manual

« Inspection Check Sheet

¢ Pencil and Note book

Following iterns will be inspected in the three month inspection by field technicians,

i)  Record ;  Card, Chart, Ficld notebook
i) Instruments ; Staff gauge
Recording Water Level gauge
Data logger
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iif)  Facilities : Winch
Wire
Cable car
Winch operation house
Anchor block
Water level gauging house
Foundation
Stilling well
Cable line
Fence
Approach road/ladder
Bench mark
Joint box for connection of cable
iv)  Stock
v)  QObservers

Check points to be examined by the observers or the technicians at the water level station

are as follows.
(1) General
These items should be clarified in advance of the inspection in the check sheet.

i) Date

ii) Name and No. of the station
ili) Weather condition
iv) Participation for inspection
v) Type of instruments

(2) Record
All recorded data and field notebooks should be checked in these points.
i) Nolackof data?

Confirm that required items on the cards/charts/check sheet are filled up
correctly and lack of data is due to no river flow or absence of the observer or
machine trouble.
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ii)

i)

No abnormal data 7 / No big difference of reading between staff gauge and
automatic gauge ?

Confirm that the abnormal value is correct by comparison of the data obtained

from staff gauge and automatic recorder.
Are recorded data and description in the cards/charts/field notebooks legible 7

Confirm that a pencil and/or a pen are proper, and instruct the observer to fiil

up them carefully.
Were all data already sent to the Regional Office 7

Confirm that when and which data were submitied to the specific section of the

Regional Office without delay.

(3) Instruments

The technicians should inspect maintenance condition of the instruments to be

maintained daily by the observers and if some obstacles to the normal operation are

found, necessary action should be taken place immediately by the technician.

Following points will be examined by the technician.

Staff gauge

i)

No slanting or moving

Check fixation of the staff gauge. When the staff is not stable or not venic.al,

reinforce or reset it.
No damage on the scale ?

In case that the scale is rubbed off by floating blanches and so on and reading
is rather difficult, the staff should be replaced.

Float Type Water Level Gauge

i) No discrepancy between staff gauge reading and recording gauge ?

Check float, steel wire, pulley and so on.
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if)

vi)

No abnormal movement of the float, counter weight, and wire ?

Confirm that there is neither slip nor obstruction between the pulley and the

wire.

Are pulleys moving smoothly ?

No damage of the float ?

No crack and no adhered obstruction to the float and wire are allowed.

No damage of the steel wire 7

Confirm that there is no fray and no twist in the wire.

No blockage such as debris, sedimentation and leaves in the well and the pipe.

Inspect inside of the stilling well and the intake pipe connecting between river
and well,

Is the recording chart and the pen properly set on the drum ?
Are time and zero adjustment executed correctly ?
Battery still working ?

Check batfery voltage by a battery voltage indication.

Pressure Type Water Level Gauge

i)

i)

No discrepancy between staff gauge reading and recording value ?
Check a probe (pressure sensor)

Is the ﬁrobe (sensor) under the watér ?

The probe is not functioning above the water.

No damage of the probe and the protection pipe ?

Check the probe and the protection pipe and confirm that there is no dirt, no
cut, no crack, and no dent.
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No blockage such as debris, sedimentation and leaves in the protection pipe for

iv)
the probe _ N
Inspect inside of the protection pipe for probe.
v) Is the recording chart and the pen properly set on the drum ?
vi) Are time and zero adjustment executed correctly ?
vii) Battery still working ?
Check battery voltage by a battery voltage indication.
Data Logger
i} No damage of the steel case ?
When _damage is_ found, check the reason and confirm that the data logger can
work normally.
ii) No harmfaul things inside the steel case ?
Any dust, insects and water are not allowed inside the case.
ili) Battery still working ?

Check battery voltage by a battery voltage indication. When it is lower than
7.5 V, change batteries (in case of MDS-H data logger).

(4) Facilites

Facilities to protect instruments, to maintain circumstance, and to approach

instruments should be well maintained daily by the observers. The field technicians

should check their performance for the purpose of sustainable observation and safety

operation. The winch for the cable line crossing the river should be actually operated

for inspection.

i)

Winch

Confirm that the winch can be moved smoothly and there is no dust and no
corrosion. Distance meter and depth meter should work correctly.
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ii)

iv)

vi)

vil)

viii)

ix)

Pole/Tower/Foundation

Confirm that there is no damage and no corrosion on the steel poles, and no
abnormal crack on the concrete foundation.

Wire

Confirm that there is no fray and no twist.
Anchor block

The concrete anchor blocks should be stable.
Cable car

The cable car which carries a person for measurement of flow velocity, should
be checked carefully in the point of safety drive.

Winch operation house

Check appearance of a structure containing the winch and accessories, and
confirm that there is no damage.
Inside of the structure should be dry, clean and neat any time.

Water level gauging house

Check appearance of a structure containing the recording water level gauge,
and confirm that there is no damage.
Inside of the structure should be dry, clean and neat any time.

Cable line

The cable line connecting between the probe and the recorder, which is covered
by steel pipes or PV pipes should be well maintained to avoid any damage
caused by external force, insects, animals, rainfall, and so on.

Approach road/ladder

In order to carry out efficient and safe observation, approach road and ladder
should be kept in good condition.
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x) Masonry wall/Gabion

~ Masonry wall/Gabion is required to protect the foundation of instruments and
facilities against erosion due to river flow.

xi) Bench Mark

The Bench mark should be fixed steadily so that staff gauge can be calibrated,
when required, by surveying from the Bench mark.

(3) Activities of observers

Check the observer's operation procedures and, if incorrect manner is found,

technicians should instruct and improve their activities.
(6) -Stock

Consumables such as cards, chart, notebooks, pencils, pens, batteries and so on
should be always stocked and managed by the observers at the station. The
technicians should check their items and quantity by an inventory.

{7) Record of repair work or calibration in these three months

Technicians must check the wdrkmanship of repair work and calibratibn, petformed
by observers after previous three month inspection. When performance does not
satisfy technicians, the observers have to do over again under control of the
technician. Other repair work and calibration conducted by technicians or other party
should be recorded in the check sheet. | '

5. CALIBRATION AND ADJUSTMENT

Minor adjustment may be performed by observers or field technicians. While, adjustment
and calibration for some specific instruments and facilities such as rainfall recorder, water
level recorder, data logger, winch and so on shall be conducted by well trained mechanical
technicians once a year.

Whenever adjustment and calibration are carried out, observers should record executed
date, type of instrument, and method on a check sheet of daily inspection and inform the

technicians in the periodical inspection.

Followings are examples of minor adjustment ;
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(1) Tipping bucket type raingauge

When the amount of tipping bucket is less or more than the amount in the bottom
container, the observer should inform the field technician and he will adjust the gange
by turning the screws.

(2) Weighing type raingauge

The balance mechanism of weighing type gauge is sensitive to levelings and friction,
s0 periodic checks and maintenance are necessary. Calibration should be carried out
by the field technician at least twice a year or as required. Procedure of calibration
with calibration weight can be shown in the manufacturer's "Instruction Manual
Catalog Number 5-780 Series Universal Recording Rain Gauge Dec.15,1986".

(3) Water level gauge (float type and pressure type)

Water level gauge of both float and pressure type can be checked by comparison of
reading of staff gange. When rather big difference is found in reading, the observer
should request calibration to be executed by the field technician.

0. REPAIR

In most cases, the fault should be removed by replacing the defected component with a
spare one. Therefore, the quantity of the spare parts shall always be confirmed and be
sure to replenish good spare parts if any defective components are found. The repair work
and storing of spares are to be done at the workshop of the Regional Office.

Even minor or major, all repair work should be recorded with their date, location, reason,
and executed method,

During periodic and occasional inspection, these items should be reported to the technicians
~ and the technicians will check their workmanship.
7. REPORTING

All record of the inspection should be reported in accordance with the attached check sheets
which must be sent to the chief engineer of the Regional Office immediately after inspection
in order to take necessary quick action.

Items to be reported by the person in charge are as listed below ;
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8y

(2)

&)

4

Note:

Observers

i) "DAILY INSPECTION CHECK SHEET for Precipitation Station” -
ii) "DAILY INSPECTION CHECK SHEET for Water Level/Discharge Station"

Inspector (field technician)

i) "THREE MONTH INSPECTION CHECK SHEET for Precipitation Station”
iy "THREE MONTH INSPECTION CHECK SHEET for Water Level/Discharge

Station"
Inspector (meéhanical technician)
No specified inspection sheet
Hydrologist or Meteorologist

No specified ihspection sheet

Overall information such as basic description, histories and present condition of individual

observation station are kept in station description inventory.
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. Data Recording Form

1. For Inspection of the Station
1.1 Daily inspection check sheet for precipitation station (new form)
1.2 Three month inspection check sheet for precipitation station (new form)
1.3 Daily inspection check sheet for water level/discharge station (new form)
1.4 Three month inspection check sheet for water level/discharge station
(new form)
1.5 Occasional inspection report (new form)

2.  Station Description Inventory .
2.1 Station description inventory for Meteorological station (revised form)
2.2 Station description inventory for Hydrological station (revised form)
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DAILY INSPECTION CHECK SHEET
for Precipitation Station
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& D | WIW | W I NSINSIWIWIW | W I W o
5 i) o = 24 i ]
8 g | B 5§18 g I - IS - -G Remarks -
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2 1O
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4 1O _
5 1O
6 | O
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8 | O
9 1O
w { O i
1t | O
2 | O
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1 | O
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16 | O]
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20 | O
a | O
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u | O .
s | O i 0
26 | O )
27 [ O
2 | O N
2 | O
30 | O
31 | O
Weather (O : fine & : snow Check v : nonmal or yes
O : fair Q@ : sleet A less normal but continuous observation is necessary
© : cloudy @ : hail (O : to be repaired or calibrated
® : nin @ : thunderstorm (@ : under repair
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THREE MONTH INSPECTION CHECK SHEET

for Precipitation Station

(Sheet 1 of 3)

DPate of

Inspection

Number
of Station

Name of
Station

Name of
Inspector

Name

Recording Gauge

Data Logger

Remarks

Type
of Typs

Instrament
Manufacturer

m Record

Rain Card

Recording Chart

Instruction

(1) Period of record

(2) Period of lack of date

(3) Reason Observer _
| (absence, poor wained)

of
) Machine trouble

Cthers

{4) Date of abnormal date

(5) Submission
of

Data

Previous dataf period of the data

{

Condition

Check Points

Normal
Continuous observation

by observer is required

Adjustment/calibration

Note;

was executed by technician
To be calibrated/repaired

Under repair

Check points
will be marked
with ™/ ",

Instruction

(6) Setting (not slanting?)

Ordinary (7) No obstruction inside?

Gauge | (g) No damage inside?

(9) Proper surroundings?

(10) Setting (not slanting?)

B

(11} No obstruction inside?
Record-

ing {12) No damage inside?

Gauge | 13y Chart Setting

(14) Pcn Selting

{15) Time adjustment

(16) Zero adjustment

(¥ Proper surroundings?
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THREE MONTH INSPECTION CHECK SHEET

for Precipitation Station (Sheet 2 of 3)

.§ '§ o jg g Note;
Condition g8 |8 g g Check points
2k E = E will be marked
o §,g & g witht /™
ge |53 | 8 | &
4 | g2 ES S y
Check Points g g 2 gg 8| 8. ‘
o 2 6 FREE ﬁ ;S Ins[ructxon_
(18) No damage of case?
Data | (19)No obstruction inside?
Logger :
(20) Battery
(21) Working well?
(22) Observation| door
House
Facilities lock
window
wall
roof
(23) Foundation
(24) Cable tine
(25) Fence
(26) Approach road
ladder
Activities of Observers
() : good Cominent;
( ) : notbad, bug
to be trained
{ ) : 1wbetrained
immediately
{ ) : tobereplaced
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THREE MON’I‘H INSPECTION CHECK SHEET

for Precipitation Station (Sheet 3 of 3)
[7] Consumables
Under R
Items Present Stock Number nder Xequest Remarks

Number | Date

Recording chart

Cariridge pen

Balter_y

Rain card

Daily inspection sheet

Eﬂ Record of Repair Work / Calibration in these three months

Date Location Person Action
@ Conclusion
() good operation
( ) : notbad operation
() : badoperation
Above check items were confirmed by :
Inspector Observer
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DAILY INSPECTION CHECK SHEET
for Water Level Station / Discharge Station

Year
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Name of
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Data
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= Wire
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D : Daily inspection
W : Weekly "
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Functioning?

Change Pan

Change Bawery |2, | Logger
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Weather

: fine
: fair
: cloudy
: rain

CoeR
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: sleet

¢ hail

¢ thunderstorm

Check

v

®0or

: normal or yes

: less normal but continuous observation is necessary

: lo be repaired or calibrated
: under repair
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THREE MONTH INSPECTION CHECK SHEET
for Water Level/Discharge Station

(Sheet 1 of 3)

Instruction

Date of
inspection
Number Namie of Name of
of Station Station Inspector
Name " Recording Gauge Dala Logger Remarks
Type ' -
of | Type
Instrument
Manufacturer
[Il Record Water Level Card | Recording Chart Instruction
(1) Period of record ~ ~
(2) Period of lack of date
(3) Reason QObserver _
(absence, poor traincd)
of
2 Machine iroublc
Others
(4) Date of abnormal datc
(5) Latest Date
Sobmission
of Data Period of the data ~ ~
=
3| .3 E Note;
Condition =3 | £ £ o Check points
3 g = .
% :‘:’ S B will be marked
o e o . n n
ayx | S8 = = with "/ "
= E 3 = =}
35| 228 o 2
. = v g ﬁ et —
Check Points 28|55 2 g
Sr|2F | & 5

Normal

Staff

Gauge &
Cableway

(6) Setting (not slanting?)

(7)No damage?

{8) No abnormal movement?

(9} Pullcy, moving smoothly?

Float type

(10) No damage at float?

(11) No damage of wire?

(12) Wire, no iwist?

{13) No blockage of well or pipe]

Recording Water level recorderi w

Pressure type

(14) Probe, under watcr?

(15) Probe, no damage?

{16) No damage of protection pipe

(17} No blockage of protection pipe
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THREE MONTH INSPECTION CHECK SHEET

for Water Level/Discharge Station g _ . "(Sheet 2 of 3)
Condition g =) § .g B Check points
@ g -E - E _ will be marked
(=] R E oL E B} = h 1 "
¢5 | S8 & | § | WV
=
3 |25|88| 8 ?‘.
Check Points E 1§58 95| 3 8
S Sz ? § e 5 Instruction
(18) Data comparison between
recording and Manwal reading
Recording | (19) Pen setting
V¥ [20) Time adjustment
level
(22) Battery
(23} No damage of case?
(24} No obstruction inside?
DR Ban
Logger (25) Batiery
{26) Functioning?
{27) Winch
(28) Pole/Tower/Foundation
Winch | (29) Wire
(30) Anchor block
(31) Cable car
(32) Operation door
Housc lock
window
wall
roof
@ {33) Gauge door
Housc fock
Facilities window h
wall
roof
(34) Cable line
(35) Access
(36) Revetment
LEI Activities of Observers
¢ ) good Comment ;
{ ) : notbad, but
to be trained
{ ) : tobe trained
immediately
( ) : tobereplaced
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THREE MONTH INSPECTION CHECK SHEET
for Water Level/Discharge Station (Sheet 3 of 3)

Izl Consumables

fer Request
Ttems Present Stock Number Under Req Remarks
Number Date

Recording chart

Cartridge pen

' Battery

Water level card

Daily inspection sheet

Record of Repair Work / Calibration in these threc months

Date Location Person Action

EI Conclusion

( )} : good operation
() : not bad operation
¢ )

bad operation

Above check items were confirmed by ;

Inspector Observer
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OCCASIONAL INSPECTION REPORT

on (Abnormal Condition, Accident, Other :

Number of Station

Name of
Stalion

Daic of
Inspection

Name of
Inspector

First Date

Report
to Reporter

Regional

Office
Method

telephone, telégram, person, other :

Date/Time of
Happening

Place

instrement, [acility, person, other :

Condition
with sketch

Canse

Countermeasure

Above items were confirmed by :

Inspector
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STATION DESCRIPTION INVENTORY (METEOROLOGY)

1.  STATION IDENTIFICATION

1.1 Station number
1.2 Name of station
1.3 Type of station

1.4 Basin name

2. LOCATION

[y

Latitude

Longitude

Altitude (A.M.S.L.)

Region

Zone

District

Name of village

Name of nearest village

Name of nearest town/bazar
Nearest Post Office

Distance of Nearest Post Office
Nearest Telephone office
Distance of Nearest Telephone ofﬁce

D NNNNONNN D
oo ~Ihth b

—
<=

3. HISTORY
3.1 Date of establishment Recorder :
3.2 - Name of establishment party
3.3 Date of upgrading
3.4 Name of upgrading party
- 3.5 Frequency of observation Time/
3.6 Data available
3.7 Closing date
3.8 Reason of closing
3.9  Maximum daily Rainfall during period of observation

4. ACCESSIBILITY

4.1 Nearest airport
4.2  Nearest road-head
- 4.3 Direction and walking distance from the nearest road-head to the station (route
description)

5. OBSERVER

Name
Address
Date of employment
- Qualification
Main occupation
Distance from the residence of observer to the station
Name and address of alternate observer
Name and address of former observer

EJ’IU‘!LAU‘I‘JHJ:U!U!
ool e O, B SRR UL S
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6. INSTRUMENTS

6.1  Ordinary rain gauge
a) Manufacture Name

b)

o

¢) Height of Instrument

6.2 Recording rain gauge

a) Manufacture Name

b) Type

¢) Model

d) Recorder Number
Chart drive Number

e) Recording Strip Chart

f) Height of Instrument

g) Manufacture date

h) Power source

6.3 Available data

a) Ordinary From
b) Recorder From
[} R From
d o From
() DR From
£ From
|25 BTN From
1) S From
;) From

7. CONDITION OF STATION AT PRESENT

7.1 Date of latest Inspection

7.2 Site

7.2.1
7.2.2

Location
Orhers

7.3  Condition of Station

UL R o e

1
2
3
4

~J =2 =~ =3

7.4 Others

Approach track
Structure

(fence, foundation)
Instirument

Others

8. ATTACHMENT

8.1 Location Map _
Nearest road head to the station (Nearest town)
8.1.2  Observer's house to the station and around

8.1.1

8.2 Photograph
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STATION DESCRIPTION INVENTORY (HYDROLOGICAL)

1. STATION IDENTIFICATION

1.1  Station number

1.2  Name of station

1.3 Name of river/stream

1.4 Type of station

1.5 Catchment area

1.6 Basin name

1.7  Observation item

2.  LOCATION

2.1 Latitude
Longitude

2.2  Altitude (AM.S.L.)

2.3  Region

2.4 Zone

2.5 District

2.6 Name of village

2.7 Name of nearest village

2.8 Name of nearest town/bazar

2.9  Nearest Post Office .
Distance of Nearest Post Office

2.10 Nearest Telephone office _
Distance of Nearest Telephone office

3. HISTORY

3.1 Date of establishment

3.2 Name of establishment party

3.3 Date of upgrading

1)  With cable way
ity  With recorder
i)  With sediment sampler
3.4 Name of upgrading party
i) With cable way
i) With recorder
iii) With sediment sampler

3.5 Frequency of observation
1)  Staff gauge -
ity  Sediment collection
iy Recording chart change
3.6 Dataavailable

1)  Staff gauge from 10
ii) Recorder from to
i) Sediment from 0
3.7 If applicable, location of previous sites
i) from to
it) - from . to
iit) from to
3.8 Closing date
i)  Staff gauge fopen
ii) Recorder Jopen
it)  Sediment fopen
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3.9 Reason of closing
1) Staff gauge
il) Recorder
iti) Sediment
3.10 Exireme water levels observed during period of operation
i) Highest
iiy Lowest

4. ACCESSIBILITY

4.1 Nearest airport

4,2 Nearest road-head

4.3 Direction and walking distance from the nearest road-head to the station (youte
description)

5. OBSERVER

5.1 Gauge reader
5.1.1 Name of gauge reader

5.1.2  Address of gauge reader
5.1.3 Date of employment
5.1.4 Qualification
5.1.5 Main accupation
5.1.6 Distance from the residence of the gauge rcader to the station
5.1.7 Name of alternate reader
Address of the reader
5.1.8 Name of former reader
Address of the reader
5.1.9  Others

5:2  Sediment sample collector

Name of collector

Address of collecior

Date of employment
Qualification

Main occupation

Distance from the residence of the sample collector to the station
Name of alternate collector
Address of the collector
Name of former collector
Address of the collector
5.2.9 Others

N sanuuao
OGN

oo SOV RN

6. INSTRUMENT
6.1  Staff gauge

6.1.1 Total height
Elevation of 0 m

6.1.2  Attachment ( ) posts ( ) gauge well
{ ) rock { ) bridge
{ ) masonry wall
( ) abutment { )others
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6.2 Gauge well

6.2.1

6.2.2

6.2.3

Gauge well

a)
b)

Type
Structure

¢) Dimension height/diameter

d) Others if any

Recorder

a) Manufacture name

by Type

c) Model

d) Recorder number

¢) Pulley size

f) Ispulley connected

g) Type of chart used

h) Manufacture date

i) Power source

i) Condition of recorder
k) Others if any

Intake pipes .
a) Number of intake pipes

b) Flushing arrangements

¢} Condition of intake pipes

6.3 Pressure gauge

6.3.1

6.3.2

Sensor

a) Manufacture name
b} Type

¢) Model

d) Sensor number

e) Range of sensor

) Manufacture date

g) Power source

h) Condition of sensor
iy  Others if any
Recorder

a) - Manufactore name
by Type

c) Model

d) Recorder number

e) Type of chart used
f}  Manufacture date

g) Power source

h) Condition of recorder
i)  Others if any
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6.4 Cable way

6.4.1  General
a) Type of cable way
b) Span of cable way
6.4.2 Winch
a) ‘Type of winch
b) Manufacture of winch
¢} Model of winch
d) Winch number
e) Manufacture date
f) Condition of winch
g) Othersifany
6.4.3 Cablecar
a) Type of cable car ( ) sitting () standing
b) Movement by ( ) Powered ( ) Manual
¢) Method of movementby () cable () single-drum winch
( )} double drum winch (bank operating)
{ ) power winch
d) Condition of cable car
6.4.4 Others
a)  Size of main cable
b) Condition of main cable
¢) Size of tractionftow cable
d) Condition of traction/tow cable
¢) Condition of cable marking
£) Cable support left bank ( )tower { ) anchor block
right bank { )tower { Yanchor block
g) Type and height of tower :
6.5 Others
CONDITION OF STATION AT PRESENT
7.1 Date of latest Inspection
7.2 Site
7.2.1  Location { YOK. ( ) need shifting
7.2.2  Others
7.3 Condition of approach track ( YOXK. ( ) needs what
7.4 Staff gauge and its structure ( YOK. { ) needs what
7.5 Gauge well
7.5.1 Structure ( YOK. { ) needs what
7.5.2  Silt clearance ( YOK. ( ) needs what
7.5.3 Recorder { YOK. ( ) needs what
7.6 Pressure gauge :
7.6,1 Structure ( YOK. { ) needs what
7.6.2 Sensor ( YO.K. { ) needs what
7.6.3 Recorder { YOK. ( ) needs what
7.7 Cable way
7.7.1 Winch { YOK. { ) needs what
7.7.2 AnchorblocksRight ( )OK. ( ) needs what
Left ( YOK. ( ) needs what
7.7.3 Others (Cable wire & car) ( )O.K. ( ) needs what
7.8 Others
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8. ATTACHMENT

8.1 lLocation Map

8.1.1 Nearest road head to the station
{Nearest town)

8.1.2  Observer's house to the station and around

8.2 Photograph
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Preface

The Japan International CoOperation Agency (JICA) Study Team for Nationwide Hydro-
Meteorological Data Management Project made this manual to assist data management
works in the Department of Hydrology and Meteorology (IDHIM).

In this manual, the word "data management works" indicates the following works

concretely:

1) data collection

2) data processing

3 data storing

4) data dissemination

5) data quality control, and
6) progress control.

This manual consists of the following thiee parts:

1) General Manual of Data Management
2) Procedure Manual of Data Management, and
3) Operation Manual of Data Management

The General Manual presents mainly organization, its roles, general data flow, schedule of

data processing and management,
The Procedure Manual states detail work flow and methods of data processing.

The Operation Manual guides how to operate software for data processing. The software
includes hydrological data base, meteorological data base, HOMS for determination of

rating curve and formulas and vaccine programme.

‘This manual was made considering former DHM organization valid till in the middle of
July 1993, data flow, data processing way, characteristics of river condition in Nepal, and
facilities for data processing. Though the new organization of the DHM was enforced from
middle of July 1993, the concept of the Manual s still effective,



Since DHM must disseminate reliable data, the management works such as progress
controt and quality control have to be carried out correctly. Any ideal system does not
work well without good management. The reliability of data is not only dependent on good
system but also on good management. No reliable data are produced by the system without

management.

The quality of data depends also on observation condition, especially the number and
accuracy of discharge measurement and the number of cross section survey for
hydrological data. DHM should take the enough number of discharge measurement and

Cross section survey to get reliable rating curve.

The Study Team hopes that this manual will be useful for dissemination of reliable data to
Nepalese and development of Nepal through DHM data management works, '

Finally, the Study Team would like to express their heartily thanks to DHM for providing
so much-of help to make this manual. '

Nationwide Hydro-Meteorological
Data Management Project

JICA Study Team

August, 1993 _



1, General

1.1 Objective

This manual was made to disseminate reliable hydrological and precipifation data,
especially for developing projects in Nepal, and help to develop Nepal through data
management works.

1.2 Scope of Manual

This manual deals with DHM data management works. The observation items for this

manual are as follows:

1) precipitation

2)  water level in river

3) discharge measurement, and

4y  sediment concentration.

1.3 Data Management Regulation

Since meteorological and hydrological data are used as basic data for national planning such
as hydropower and irrigation projects, unreliable data make wrong national plan and hence
it costs more national budget. Therefore, staffs must be careful to process data for
prevention of errors, If observation errors are found, the staff must investigate the cause,
make counter plans and carry them out as soon as possible. The staff must guide observers
how to observe correctly and teach them the importance of the observation for national

planning,

1.4 Definition of Terin

1}  Precipitation

The total amount of precipitation which reaches the ground in a stated period is
expressed as the depth to which it would cover a horizontal projection of the earth's
surface if any part of the precipitation falling as snow or ice were melted.

2)  Daily Precipitation

Daily precipitation is the total amount of the precipitation which reaches the ground in

M6 -1



3)

4)

5)

6)

7

8)

9)

1.5

one day, i.e. from 8:45 AM previous day to 8:45 AM next day.

Annual Precipitation

Annual precipitation is the total amount of the daily precipitation within one year.

Water Level

Water level is the elevation of water surface of stream, lake or other water body

relative to a datum.

Daily Mean Water Level -

In case of manual gauge, daily mean water level is the mean value observed at 8:00,
12:00 and 16:00 or 17:00 in the same day.

In case of automatical gauge, daily mean water level is the mean value observed at
every hour in one day.

Annual Mean Water Level

Annual mean water level is the value that total amount of daily mean water level
within the whole year divided by total days in the year.

Discharge

Discharge is the volume of water which flows through a cross-section. It is

expressed as value per unit {ime.

Mean Daily Discharge

Mean daily discharge is the mean discharge value which estimated from the

observation values of water level in one day.

Annual Mean Discharge

Annual mean discharge is the mean value of daily mean discharge in one year.

Unit and Minimum Record Value

Unit and minimum record value are as follows.
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Data Unit Minimum Record Value

1)  Precipitation mm 0.1
2)  Water Level m 0.01
3)  Velocity of Flow m/s 0.01
4)  Areaof Water m2 0.01
5)  Discharge m3/fs _ 0.01
6)  Unit discharge m3/sfkm2 0.01
7} Ranoff Depth mm 0.1
8) Drainage Area Km?2 0.1

2. Organization and Roles

2.1 Organization

The DHM consists of three (3) Divisions, five (5) regional Offices and two (2) Sections.
These Divisions are Hydrology, Meteorology and Weather Forecasting, and Climatology
Divisions. All the Divisions are located in the Central Office at Babarmahal except for
Meteorology and Weather Forecasting Division at Kathmandu airport. Two Sections are
Administration and Accounts, and Other Technical Services in the Central Office. Regional
Offices are Eastern, Central, Western, Mid Western and Far Western Regional Offices.
The Eastern Regional Office has a hydrological office and a meteorological office
separately, the former is located at Dharan and the latter at Dhankuta. The Central,
‘Western, Mid Western and Far Western Regional Offices, in which both the hydrological
section and the meteorological section are combined, are situated in Kathmandu, Pokhara,
Birendranagar and Dhangadhi respectively.

2.2 Reoles of Central Office

The roles of Central Office are as follows:

1)  Planning of Observation network

2)  Register of Observation station

3)  Final Checking of data

4)  Storing original and processed data and information about observation station

5)  Dissemination of data

6)  Monitoring of Regional Offices

7)  Guidance of Regional Offices

8)  Supply of necessary equipment, man power and budget to Regional Offices for data
management
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9)  Training
2.3 Roles of Regional Office

1)  Installation of observation station

2)  Observation

3)  Data processing iﬁcluding data checking

4)  Maintenance of observation station

5)  Guidance for observer

6) Storing of duplicate of observed and processed data

7)  Reporting about observation and data processing condition to Central Office

2.4 Responsibilities
(1) Responsibilities of Regional Office Chiefs

1)  Maintenance of observation stations under them
2)  Data processing until publishing of data book
3)  Data storing until publishing of data book

4y  Duplicate data storing.

(2) Responsibilities of Central Office

i)  Publication of data book every year

2)  Training

3)  Data storing

4)  Data dissemination

5)  To assist Regional office for data management

3. Qbservation Station

3.1  Observation Network

Central Office plans the observation network, studying topographical and meteorolbgical
conditions to fit the purpose of the observation. ' -

Central Office also reviews present observation networks regularly.

M6-4



3.2 Installation and Maintenance

Regional Office installs and maintains observation station following the observation
network plan made by Central Office. Especially in the event of serious breakage or
malfunctioning, Regional Offices must make counter plan and carry it out as soon as
possible. If the Regional Office carries out suitable treatment, DHM can show the
importance of observation to the observers and they can observe more carefully.

3.3 Registration

Network Unit in Other Technical Services in Central Office records the information abont
observation stations on a register, arranges and. stores them safely. After registration,
Network Unit sends them to related Regional Office by floppy disk as soon as possible.

On this register, following information must be recorded:

1)  output of information about object station description from data base
2) photograph of the site

3) drawing '

4) results of cross section survey _

5) output of discharge measurement record

6) rating curve

7) rating table

8) inspection sheets

9)  equipment list

10) repair record

Central Office must check if this information is correct and reviewed every year. If
something is changed, Central Office must update register immediately.

3.4 Code Number

3.4.1 Hydrological Staticn

Each gauging station is basically expressed by the integral number and it shows the river
system as follows:

ay 100 t0 200 range Mahakali river system
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b) 200 to 300 range Karnali river system
¢) 300 to 400 range Rapti river system

d) 400 to 500 range Navayani river system
¢) 500 to 600 range Bagmati river system -
f) - 600 to 700 range Koshi river system

g 700 1o 800 range Kankai river sysiem
h) 800 to 900 range Mechi river sysiem

3.4.2 Meteorological Station

The meteorological stations are numbered using four digit identifiers, referred to as an
“INDEX NUMBER“; the first two digits indicate the zone that commences from far
western region and in which a station is located. The 14 administrative zones [01-14],
from West to East with their corresponding assigned.

Zong Number Zone Number
Mahakali ol Gandaki 08
Seti 02 Narayani 09
Karnali 03 Bagmati 10
Bheri 04 Janakpur 11
Rapti 05 Sélgarmatha 12
Dhaulagiri 06 Kosi 13
Lumbini 07 Mechi 14

The last two digits represent the station number within the preceding.

4. Observation

Observer must observe following the observation manual.

5, Data Coilection

Regional Offices must collect data as follows.
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Type of Data Collection Term Collection Method

Manual gauge data one month post *

Chart four months or six months Staff

Ram card of Data Logger four months Staff

{water level) depends on amount of rain Staff

(precipitation)

Discharge measurement record every observation Staff

Information about serious as soon as possible Telephone

breakage Telegram
Technician
Observer

* [f observer does not send data every month, Regional Office must guide observer

to send them every month.

6. Data Processing

Regional Office processes data following Procedure Manual.

7. Report

7.1  Observer

Observer must report the observation result within following term.

1)  Manual Record

Observer sends data to Regional Office within one month by mail after observation.

2)  Chart Record

Observer submits the chart recorded by automatical gauge to the staff when he comes

to the station.

3) Ram Card

Observer does not have to report.
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4)  Information about serious breakage

If observer finds breakage, he must report the detailed condition to the Regional
Office as soon as possible by suitable way such as telephone, telegram, or observer
by himself, - '

7.2 Regional Office Staff

Regional office staff must report the condition of stations and observation by inspection
report to Regional Office Chief when he goes to the stations. '

The staff must collect data which had not arrived at Regional Office when he visits the
station. Before visiting the stations, the staff must investigate which data have not arrived
yet. ' '

The staff must cotlect the recording chart or ram card when he visits the station.

7.3 Regional Office Chief

Regional Office Chief must report the results of observation to other Technical Services
Chief in Central Office within the determined term after checking and arranging as follows.

For Data For

Data Form Checking* Register’*
(1) Original Data
1) Precipitation - CL oli End of Aug.
2} Water Level
- by manual gauge End of Aug.
- by automatical gauge End of Aug.
3} Discharge Measurement End of Aug.
4} Sediment Concentration End of Aug.
(2) Processed Data
1) Precipitation - End of Aug.
2} Hourly Water Level - End of Aug.
3) Staff Gauge Reading - End of Aug,
4} Discharge Measurement End of May End of Aug.
5) Rating Table End of May End of Aug.
6) Sediment Concentration - End of Aug.
7) Daily Mean Water Level End of May End of Aug.
8) Daily Mean Discharge - End of Aug.
9) Sediment transportation - ‘ End of Aug.

*  Regional Office sends data to Central Office by the end of May because of checking of rating curve.

**  Regional Office sends all data to Central Office by the end of August for final checking and register.
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The Chief also makes annual report about observation and data processing condition for the
previous year and submits it to the Director General as follows:

(1) Observation station condition
(2) Observation condition
1)  General condition
2)  Term and cause of data missing
3)  Number of discharge measurement
(3) Data collection condition
{(4) Data processing condition
(5) Error condition
1)  Error cause
2)  Counter plan

7.4 Other Technical Services

Chief of Other Technical Services in Central Office must complete the data book from the
results of data processing received from Regional Office, afier checking and arranging by
the end of next observation year.

7.5 DHM

DHM must disseminate reliable data to anybody impartially and timely, because DHM
budget is run by the government taxes.

8. Storing

8.1 Central Office

Central Office must store the following information safely forever.

1)  Station register

2)  Original data

3)  OQutput lists of processed data

4)  Processed data in hard disk

5)  Processed data in optical disk for back up
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8.2 Regional Office

Regional Office must store the following information about the stations safely forever.

1) Duplication of station register

2)  Output lists of processed data

3)  Duplication of original data

4) Processed data in hard disk

5)  Processed data in floppy disk for back up.

8.3 Observer

QObserver must store the duplication of observed data forever.

9. Guidance and Monitoring Work

2.1 Monitoring of Observation

(1) Regional Office Chief must monitor the observation work and results at Ieast once a

year.
(2) Regional Chief must arrange to guide the observers and staffs if necessary as follows:

1) Incase that there are problems for observation method, the Chief sends staffs to
the site and guide how to observe cormrectly.

2) In case that there are problems for data proccSSing, the Chief arranges the
necessary training to the staffs. If necessary, the chief requests training to the
Training Unit in Central Office.

9.2 Monitoring of Observation Station

Regional Office Chief must check the observation station conditions through inspection
sheets at least once a year. If necessary, the chief must arrange to repair or reinforce

stations.

9.3 Maintenance of Observation Station

Regional Chief must maintain observation stations and equipment to observe correctly.
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If observation station is damaged because of flood or any other reason, the Chief must
investigate and make the counter plan as soon as possible. In case that the damage is not so
serious, the Chief carries out the counter plan. In case that the damage is serious, the chief
must report the result of investigation with photograph to Central Office. After checking the
resuit, the Central Office must determine the way to repair, shift or close the station.

10. Correciion of Error

Basically, error must not be corrected except for data entry and calculation error and
adjustment. Only in case that the cause of error is clear, the Regionai Office can correct
them.

Error must not be deleted on the original form even if the correct value is clear. Line
should be put on the error data and correct value should be written beside them by red ink
with the cause of error in the remarks column.

In case of data entry error, it should be corrected as soon as possible.

But other errors must be invesiigated carefully. If the cause of error is not clear, those
errors must not be corrected, Moreover, those errors must not be corrected by interpolating
way. '

Regional Office must report the summary about the error condition, cause and counter plan

to Centrat Office except for data entry, calculation error and adjustment work.
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1. Objective

The objective of this manual is to guide how to process and disseminate more reliable data
under quality control for the DHM staffs.

2. Scope of Manual

This manual deals with data processing procedures for following records:
1) Precipitation

2)  Water level of rivers

3)  Discharge measurement, and
4)  Sediment concentration.

The concrete d_ata processing works in this manual are registration of data collection, data
entry, total, discharge estimation, sediment transportation estimation and register of data

into data base including data checking.

3. Structure of Manuoal

This Manual consists of following four main parts:

1)  General information

2}  Outline of prdcedure

3} Actual Procedure

4)  Basic knowledge for data processing

(1) General Information

Chapter 1 to 3 deal with general information such as objective, scope and structure of

this manual.

(2) Outline of Procedure

Chapter 4 shows the outline of procedure and processing flow for data processing.
Referring this chapter, you can understand each element of data processing explained

in the chapter 5 to 19.
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“@

4.

Actual Procedure

Chapter 5 to 19 gmde how to process data concretely from registration of data

collection to registration of data into data base.

Basic Knowledge for Data Processing

Chapter 20 deals with the basic knowledge for data processing such as hydrology
cycle, rating curve, isohyetal map and so forth.

Outline of Procedure

After data collection, they are processed by following procedure:

(N

@

(3

4

)

(6)

Register

As soon as the data arrive, they must be recorded on the register and transferred to the
staffs for data processing. '

Preliminary Data Checking

The staff for data processing must check data preliminarily before processing.

Preparation Work

After preliminary data checking, these data are arranged to enter into computer. For
example, the record on chart is duplicated on hourly water level forms including
adjustment works to time or manual data.

Data Entry

These data are entered into computer as soon as possible.

Data Entry Checking

After the data entry, entered data are checked if they are entered into computer
correctly. In case that data entry error is found, the staff must correct data.

Data Checking

After the data entry checking, they are checked again if they are observed correctly.
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(7) Daily Mean Water Level Estimation
Daily mean water level values are estimated from hourly water level or staff gauge
reading record,

(8) Eniry Data Qutput

The entered data are printed out and stored into shelves safely and orderly.

(9) Development of Rating Curve

Rating curve is developed from discharge measurement records referring water level
records, inspection sheets and other related information. '

{(10) Rating Table Estimation

Rating table is estimated by the rating curve.

(11) Discharge Estimation

Discharge values are converted from mean daily water level using the rating table.

(12) Overall Checking

The processed data are checked comparing to near gauges.

(13) Sediment Transportation Estimation

Sediment transportation amount is estimated from the discharge and sediment
concentration value.

(14) Final Checking

Before registration of data into main daia base, well trained and experienced staffs
check the processing results finally.

{15) Daia Registration

After final data checking, these data are registered into computer. The output lists are
also printed out and stored safely forever.
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5. Register

1)  Record the date of data collection on the register with Nepalese date as soon as data

arrive.

2)  Transfer these data to the staffs for data processing, after register.

6. Preliminary Data Checking

Check following preliminary points before data entry:
1)  Whether station code number is filled in correctly
2)  Whether observing data is filted in correctly

3)  Whether station name is filled in correctly

4)  Whether all items in the form are filled in -
5)  Whether data are correct or not reviewed by experienced staffs

7.  Preparation Work

Carry out the following preparation works for daia entry:

7.1 Precipitation Record

The procedures are different depending on the type of recording style as follows:

(1) In case of note book synoptic form or precipitation card.

Duplicate records recorded on note book or synoptic form to precipitation card.
Calculate monthly precipitation values from daily precipitation ones and record on that
card.

(2) Incase of chart

1) Dot manual gauge records on the chart
2) Check the difference between the dot and chart

3) If some adjustment and correction works are necessary referring the result of
comparison of chart and the dots, carry out the works by the following procedure.
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4)

3)

&)
1y
2)
3
4)

a. Remedial Measures of a Flat Trace during Pen Reversal:

If a pen records a flat trace during reversal before reaching the upper most
ordinate as a result of loose linkage, extrapolate the position of the apex to
correct the error. But, this type of data must be designated as a negative entry
to denote exirapolated values.

b.  Time Correction

If the time correction is necessary, adjust the time on chart shifting the dot until
they are fitted.

c.  Correction due to Evaporation:

An equivalent amount of loss should be added to each succeeding reading. This
amount is equal to the number of scale graduations the pen has tipped down
most notably centered at 3 PM, especially when no rain occurred.

d. Correction due to Pen Friction at Time Marks:

Adjustment should be made to the readings after a certain time mark, if the pen
did not revert to its position before the time mark.

Record the observed data on the hourly form.

If there are much difference between manual record and chart, the cause of difference
must be investigated carefully. In case that the manual records are doubtful, inspector
must guide observer to observe corfectly. In case that the chart are doubtful, the
cause of error must be investigated at the station. The inspector must make counter

plan and carry it out.

Int case of ram card

Copy the record from the ram card to the computer
Print out the hyetograph
Dot the manual records on the hyetograph

If there are much difference between dots and graph, investigate the cause. In case
that manual records are doubtful, inspector must guide observer to observe correctly
showing the chart with dots. In case that data logger is doubtful, the cause of error
must be investigated at the station, and the inspector must make counter plan and

carry it out.

M7 -5



7.2

1)

()
1y
2)
3)

(3
1)
2)
3)
4)

Water Level Record
In case of manual gauge

Estimate daily mean water level and record it on the form.

In case of chart

Dot manual gauge records on the chart.
Check the difference between the dots and the chart.

If some adjustment and correction works are necessary referring the comparison with
chart and dots, following procedures are applied.

a. Time correction

If the time correction is necessary, adjust the time on chart shifting the dots until
they fit,

b. Correction due to friction at time mark

Adjustment should be made carrying out to the manual gauge readings after
certain time mark, if the pen did not revert to its position before the time mark,

¢.  Error dué to other cause

Sometimes, error occurs because of sedimentation, erosion, slipping between
rope and drum, and so forth. In this case, staff must refer the inspection sheet
or g0 to site to investigate the cause and record that condition on chart.

If possible, those errors are corrected by staffs. But basically, deal with these

errors as missing data.

In case of ram card

Copy the record from ram card to the computer
Print out the hydrograph
Dot the manual records on the hydrograph

If there are much difference between dots and graph, investigate the cause. In case

~ that manual records are doubtful, inspector must guide observer to observe correctly

showing the chart with dots. In case that data logger is doubtful, the cause of error
must be investigated at the station. The inspector must make counter plan to observe
correctly and carry it out.
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8.

Data Entry

Enter the following data into computer carefully.

1)
2)
3)
4)
5)

Daily precipitation
Staff gauge reading
Hourly water level
Discharge measurement
Sediment concentration

Actual procedure to enter data into data base is explained in Operation Manual,

Yinter data in pairs. One is for entering of data. Another is for reading of data for entry.

9.

Data Eniry Checking

Entered data must be checked if they are entered correctly. If there are data cntry' €ITOTS,

‘edit them as soon as possible,

There are two steps of data entry checking. In the first step, computer checks data

automatically. In the second step, data are checked manually as follows:

(D

1)
2)

3)
%)
5)

(2)

First step (By computer)

Computer checks entered data about following items as soon as they are entered.
If the entered station number has been already registered into computer or not.

If the type of entered data, such as integral number, decimal number or character, is

- correct Or not.

If entered data have been already registered on data base or not.
If the entered data are within the applied range or nof.

If there are logical errors or statistical errors.

Second step (Manually)

It is impossible to find all data entry errors by computer because it checks only about
above items. After these data are entered, check them also manually as follows.
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1}  Compare monthly total value between computed and manual one. If those values are
same, it indicates that the entered data are correct.

2)  In case that monthly total values arc not recorded on the form, check one by one
referring display or out put list in pairs. One is for reading of recorded value.
Another is for checking of processed one.

10. Data Checking

Check data again if data are observed correctly as follows.

10.1 Precipitation

1)  Draw hyetograph by computer and find abnormal dot.

2) In case of automatical recorder, compare the shape between hyetograph drawn by
processed data and the recorded chart by automatical recorder. o '

10.2 Water Level

After estimation of mean daily water level, the water level data are checked as shown in
chapter 11.

10.3 Discharge Measurement

1) Dot the discharge measurement records on the present fating curve and check if there
is not so much difference between dots and curve.

2) Draw gauge Height (H) - Area (A) curve from discharge measurement record and
compare with latest one. '

3) Draw gauge Height (H) - Velocity(V) curve and compare with latest one.

4)  Compare the gauge height between observed by discharge measurement and water
level record observation such as staff gauge and automatical recorder.

If any strange results from above checking are found, check the original record.



16.4 Sediment Concentration

If sediment concentration value is unusual comparing to other records, check as follows.

1)  If flood occurred or not.
2) = If landslide occurred in the upstream or not.
3)  Check precipitation record in the upstream.

If any strange results from above checking are found, check the original records.

11. Daily Mean Water Level Estimation

Mean daily water level is estimated from hourly water level or staff gauge reading by
computer. Generally, the mean daily water level is estimated from hourly water level
records which is different with the value estimated from staff gauge reading records
because of observation time in one day. In case that automatical gauge has been installed,

it must be estimated from hourly water level.
Actual procedure for estimation by computer is expressed in Operation Manual.

Computer sometimes refuses to store mean daily water level records estimated from staff
gauge reading records if there is automatical recorder at the object station. In case that
hourly water level records can not be used to estimate daily mean water level because of
bad conditions of observation such as sedimentation and any other trouble, enter one daily
water level data as dummy data by edit way and store it on data file. Then daily water level
records estimated from staff gauge reading can be stored on the file.

After estimating mean daily water level, check them by hydrograph if there are any doubtful

records or not.

12. Entry Data OQutput

After data checking, print them out, arrange and store them in the suitable place.
13. Development of Rating Curve

In this section, actual procedure how to determine rating curve is shown. If you want to
know the basic knowledge about the rating curve sce chapter 20.
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13.1 General

Since it is very difficuli to observe discharge continuously, water level is observed instead
of it and converted into discharge. The rating table which shows the relation between water
level and discharge is used to convert it. Rating curve is the curve which expresses rating
table graphically. The rating curve is determined at first and then the rating table is made

from the curve.

Because rating curve shows the relation between water level and discharge, the shape of
rating curve is dependent on the shape of riverbed, roughness and water surface slope.
Ordinarily the rivers in Nepal are steep and have much sedimentation. Such kind of rivers
usually change their shape of river bed because of flood and the shape of rating curve must

be revised.

To estimate rating curve, the applied term should be determined at first including checking
work about discharge measurement records. Then the rating curve is estimated dotting the
reliable discharge measurement records on log paper for the suitable term to fit well to the
dots. '

At least, the difference between observed and estimated discharge value by the rating curve
is checked. If the difference of them is more than 10%, the rating curve must be restudied
and the discharge measurement records must be checked again.

13,2 Determination of Applied Term

Since the rating curve is changed because of the changing of the river bed shape, the
applied term can be determined studying when the shape of river bed is changed.
Concretely, try the following four methods and judge referring the results to each other.
But the most important point to decide the range is dependent on your experience, correct
information at the site and number of discharge measurement record finally.

(1) Dotting of Discharge Measurement Record on Log Paper

Dot the discharge measurcment records tying with line in order of observation
indicating the serial number and find the shifting points.

If there are former rating curves at the same station, draw the latest one before
dotting.
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1
2)

(3)

1)
2)

3)

4)
5)
6)
7)
8)

Study on Low Water Level

Ordinarily the low water level is not changed so much if the cross section of the river
is not changed, because the low flow is the base flow whose source is ground water
and snow melt.

Study the low water level to determine the suitable term as below.
Refer the lowest water level in each year.

If the lowest water level is changed more than 30 cm, it indicates that the rating curve
should be revised.

Study on Cross Section

Study cross sections at the site and find the date at which the river bed has been
changed. That date is same with the date the rating curve should be revised.
Drawing the height (H) and area (A) curve from the result of survey, that object date
can be found easily comparing to each other as follows:

Draw the cross section on the section paper with the same scale of X and Y axes.

Draw the horizontal lines at intervals of every 20 cm, 50 cm or 1 m on the cross
section. That interval is dependent on the maximum water level. Chose it as the
continuous H-A curve can be drawn.

Calculate the area between next each horizontal lines roughly. The shape of the area
can be supposed as trapezinm and calculate the area as follows.

Aj=hy x (a; + b)/2

Where, A; = area (m?)
hi = height (m)
a; = length of base (m)
by =

length of top (m)

Total the below area under the each horizontal lines.
Dot the points of height and area on the section paper.
Draw the continuous line to fit the dots.

Compare each line of each cross section.

If the shape is not similar, it indicates that the rating curve should be revised.
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(4) Gange Height and Area Curve

 Drawing of gauge height(H) and water arca(A) curve on scction paper from the
discharge measurement records, the date that the rating curve has been changed is
sometimes found. But this method must be used carefully, because the site where
discharge measurement was taken is not fixed. The results of this way is just for

reference.

1) Dot the points from discharge measurement record on section pépcr with gauge height
as Y- coordinate and area as X-coordinate. :

2)  If you can classify those dots into some groups, that shows the term for rating curve.

13.3 Drawing of Rating Curve

13.3.1 Outline of Rating Curve
Discharge is the function of water level and it is expressed as follows:
Q=1f(H)

Where, Q
H

It

diéchargc
water level

if

Rating curve is the curve that expresses relation between discharge and water level by
formula or graph.

In case of formula, that relation is expressed as follows:

Q= a(-b)"
where, Q = discharge (m3/s)
H = gauge height ()

a = constant

‘b = constant

. —
=
I

constant

In case of graph, it is expressed following the DHM rules as follows.

1) Paper

Since the rating curve is expressed by logarithmic formulas the log paper is used to
draw rating curve.
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2)

4y

3)

Axis
X axis is discharge (Q) with the unit of m3/s.

Y axis is gauge height (H) with the unit of m.

Dots

Discharge measurement records are dotted classified by the signs such as circle,
triangle, square, star and so on. For each dot, the serial number of discharge

measurement records must be put.

Remarks

The applied term, applied range, identified number for station, serial number of the
curve, name of person who determines it and developed date must be shown with the

curve,

Number of Curves

When some rating curves are drawn on the same paper together, the maximum
number of them is three.

13.3.2 Determination of Rating Curve

To determine the rating curve, following ways are adopted by DHM.

1)

Trial and Error Way by Computer

DHM has the application software, HOMS, to determine the formula for rating curve

* by trial and error methods. Using this software, the most suitable formula can be

determined. HOMS adopts following formula as rating curve,

Q =a(H - Ho)®

Where, Q = discharge
H = gauge height
Ho = zero-discharge stage
a = constant
b = constant

{See 13.3.3)
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2)  Logarithmic Method

Logarithmic method is the way that determines rating curve formula with logarithmic
paper graphically. (Sce 13.3.4)

3)  Direct Method

Dircct method is the way that determines rating curve by drawing divectly referring
the dots of discharge measurement record. But this way should not be applied except
if there is no computer or calculator, because the result is not always same especially
low and high flow range. Also the result depends on the person. (See 13'.3.5_)

13.3.3 Trial and Error Way by Computer

The actual procedure to operate this programme HOMS is shown in Operation Manual in
detail. The outline of procedure is expressed as follows:

1)  Make data file by the software, GAUGE.EXE.

2) Operate software, STADIS.EXE, STADIS2.EXE, STADIS3.EXE or
STADIS3T.EXE as you like as follows. '

3)  Assume zero-discharge stage at first.
4} Determine suitable value a and b antomatically by compuier.

5)  If the result is not good, revise the value of Ho and try again.

13.3.4 Logarithmic Method

If the cross section of a stream at the site of a gauge is, or approximates to, a uniform
section to which one can roughly fit either a segment of a circle, parabola, rectangle or
trapezoid, then this method is more suitable. The discharge can be expressed as:

Q=C(G - Goyt

where, Q = discharge
G = gauge height
Go = gauge height corresponding to zero discharge
C, n are constants for any station
Logarithinic form is given by
log Q =log C +nlog (G - Go)
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, which is the equation of a straight line whose slope is n and whose
intercept on the discharge axis is log C.

It may be emphasised that fitting a mathematical curve of above equation for extrapolation
purposes at the upper or lower end of the stage-discharge curve is only possible when the
control does not change beyond a particular stage.

(Source :  Applied Hydrology KN Mutreja TATA MCGRAW HILL)

13.3.5 Direct Method

1) Dot the discharge measurement record.

2)  Draw continuous curve to fit to those dots well.

13.3.6 In Case of Limited Record

If it is impossible to apply above methods because of lack of discharge measurement
- records, following ways are sometimes tried to interporate. But basically, enough number
of discharge measurement records must be taken and try to measure discharge as much as
possible to make it. |

(1) Slope-Area Method

This method makes rating curve by calculating or interpolating of discharge using
Manning formula as follows.

Q=A'V
=A-1/m-R23.11/2
=1/mIV2. A .R23

where, Q= discharge (m3/s)
A= areaof water (m?)
V = mean velocity (m/s)
= hydranlic mean radius (m)
= slope
n=  roughness
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1y

2)

3)

Actual procedure is as shown in Chapter 20.5.3,4).

Since the value of I is actually not constant because of varying backwater as a result
of an obstruction downstream or high stages is an intersecting stream, to adopt this
method, these things must be considered carefully.

Interpolate by Other Application Term

If the low water level is similar, the discharge measurement record in other

application term can be used to make rating curve as follows:

Pick up the discharge measurement records observed in the almost same low water

level application term.

Dot the discharge measurement records observed in the object and aboi{e'applicatibn

terms on logarithmic paper.

Draw rating curve to fit those dots.

13.4 Check of Result

(N

(2)

1)

2)

Check the difference

After making rating curve, check the reliability of it comparing to discharge
measurement records and estitnated discharge values by the rating curve. If the
difference is more than 10% revise the rating curve again,

Check the high flood range

It is difficult to measure discharge in high flood term and rating curve must be
extended up to maximum water level to estimate discharge. Even if it is extended by
correct mathematical way, it is sometimes dangerous to use it in high flood range.

Check the rating curve in high flood range carefully as follows,

If the constant value n for rating curve formula is bigger than 3, review the rating

curve.

Check the discharge value in high flood range by slope -area method. (See 20.5.3,4)
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3)  Check the shape of river bed if the rating curve fits it

4)  Check if the shape of rating curve in high flood range is fitted to former one. The
shape of cross section in the upper part is seldom changed due to flood and present
rating curve is usually similar to the former one in the high flood range.

(3) Check the low flow range

Check if the point at which the discharge value becomes zero is same with the lowest
river bed height.

14. Rating Table Estimation
Rating= table is estimated from rating curve and arranged with the fixed form first.

Although the interval of gauge height for that form is 0.01 m, that for entry into data base is
0.1 m. ' '

The starting point of gauge height must be lower than minimum observed water level. If
possible, it should start from the probable minimum water level.

The ending point of gauge height must be higher than maximum observed water level.

The actual procedure to enter rating table into computer is shown in Operation Manual. The
entered data must be checked by dotting those points on rating curve from output list.

After checking it, arrange and store the list safely.

15. Discharge Estimation

Discharge is estimated as follows:

1)  Check if mean daily water level records have been estimated correctly. If the mean
daily water level is estimated by staff gauge reading records in spite of automatical
recorder records, the daily mean water level must be estimated from hourly water

level record,

2) Estimate daily mean discharge from daily mean walter level and rating table by
computer. The actual procedure to estimate it is as shown in Operation Manual.
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3)

4)

i6.

Draw hydrograph by computer and check if the shape is sirange, especially high
flood range :

After checking, print out the results, arrange and store them safely.

Overall Checking

Overall checking is the checking way to find error compaﬂﬁg to the results of near gauges

to each other, Sometimes, errors can be found comparing to each other, even if the data

checking has been completed.

Since average values of area in basin are used to analyze hydrology, instead of point

observed data, overall checking is useful.

16.1 Precipitation Data

(D

D
2)

(2)

Comparing of Hyetograph

Since the condition of precipitation is ordinarily similar at near stations, the error is
sometimes found as follows:

Compare to the hyetograph to each other.
Compare to observed record to each other.

Drawing of Isohyetal Map

Isohyetal map can be drawn joining isometric amount of precipitation like contour line
shown in 20.6.3. The amount of precipitation is changed continuously. If the
abnormal value is dotted comparing to near gauges, it is difficult to draw continuous
line and the abnormal value can be found easily drawing the ischyetal map.

16.2 Water Level Data

(D

Comparing of Hydrograph

Water flows from upper stream to lower reaches. The hydrograph at upper stream
should be similar to down stream hydrograph. Comparing to the hydrograph to each
other in the same basin, the abnormal value sometimes can be found.
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(2) Comparing of Hydrograph and Hyetograph

Since the origin of flows is precipitation, the shape of hydrograph must be related to
the shape of hyetograph. Comparing to each other, the abnormal value can be found.

But they are not sometimes similar to each other because of time lag, evaporation,
infiltration, topographical condition and distribution of precipitation. You must
investigate the abnormal value carefully applying this method.

16.3 Discharge Data

Since some amount of precipitation is lost on the way to river because of evaporation and

under ground water, the total annual amount of precipitation should be less than that of

discharge. Using this relation, the precipitation and discharge in basin are checked by run-

off coefficient as follows.

1)

2)

3)

4)

5)

6)

‘Estimate annual precipitation

Estimate areal mean annual precipitation in the upper stream basin from the station by
isohyetal map or thiessen method. Outline of these method is shown in 20.6.

Estimate annual total run-off depth.

_ Estimate run-off coefficient as follows:

C=DR
where, C = run-off coefficient
D= annual total run-off (mm)
R = annual total areal precipitation (mm)

If the value of C is bigger than 1, investigate the cause carefully. In case that
observation network is not good to catch areal mean value, C sometimes becomes

bigger than 1.

Judge if the coefficient is reasonable comparing to the standard value as follows.
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Type of area " Runoff coefficient, C

Urban _ _ 0.3-05
Forests _ 0.05-0.2
Commercial and Industrial 0.9
Parks, Farms, Pastures 0.05-0.3
Asphaltor concrete pavement 0.85

(Source : Applied Hydrology P502 KN Mutreja TATA MCGRAW HILL)

7) Compare to the previous coefficient value. If the land use has not changed,
coefficient should be similar to the previous one.

17. Sediment Transportation Estimation

Sediment transportation is estimated to multiple sediment concentration to daily mean
discharge by computer. Actual procedure is shown in Operation Manual.

18. Final Checking

Finally, well experienced engineer checks the processed data before registration on
computer. Well experienced engineer checks data approximately by following materials:

1)  Rating curve

2) Hydrograph

3} Run-off coefficient, and
4)  Isohyetal map.

Following materials are also used to check for reference.

1) Staff gauge reading record

2)  Hourly water level record

3) Rating curve

4} Precipitation record

5) Discharge measurement record

19. Data Registration
After final data checking, processed and original data are registered and stored safely as

follows:
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