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PREFACE 

This Manual on Procedures in Operational Hydrology isa second, revised and enlarged edition of the orig-
inal Manual, which was prepared jointly by Tanzanian and Norwegian authorities, when the author, Østen 
A. Tilrem, serv ed as hydrologist in Western Tanzania. The first edition of the Manual was financially sup-
ported by the Norwegian Agency for International Development (NORAD). Mr. Tilrem has extensive ex-
perience in senior positions within hydrological co-operative programmes in both Latin America, Africa, 
and Asia. 

The present edition of the Manual is produced by the Norwegian Water Resources and Energy Admin-
istration. It is intended for the use of field hydrologists and technicians, working under varying conditions 
in all parts of the world. The Manual should be useful as a reference book, which also provides textual 
depth for many topics. 

Since the late seventies the micro-electronics field has developed rapidly, resulting in new possibilities 
for advanced capture and transmission of water-related data. Such advances are treated in the manual. The 
benefits of new technology are unfortunately of ten difficult to harvest, because of high costs, rapid changes 
in equipment design, or lack of supporting infrastructure. The field hydrologist should therefore also be 
familiar with traditional methods, which still have to be used in many parts of the world. Those traditional 
approaches may even have the additional benefit of providing a more direct insight in the hydrological 
processes taking place in the river or aquifer. 

It is my sincere belief that users of the Manual will find it useful in their assessment of water resources. 

Arne Tollan 
Director 
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CHAPTER 1 

INTRODUCTION 

Regarding the operation of stream-gauging sta-
tions, it is fundamental that observational data be 
collected systematically if they are to have any 
value. Reliable streamflow records can only be 
obtained at gauging stations that are maintained 
and operated continuously. 

In a stream-gauging system, field operations are 
handled by specially trainedfield teams that visit 
the stations at set intervals, usually two to three 
times a year depending on the local conditions. 
The field teams make discharge measurements at 
all stations. They check and advise the observers 
in their task. In remote areas they collect the gauge 
readings and pay the observers. Gauge repairs and 
needed maintenance are promptly carried out 
whenever necessary. 

Between field tours, the same personnel is 
processing the collected data, thereby they be-
come thoroughly familiar with all parts of the 
work. Good quality work in either the field or of-
fice can only be done bya person who knows both 
the field and office operations. An untrained per-
son is unable to carry out the task efficiently in ei-
ther place. 

Thus, the data collection in the field and the data 
processing in the office are both parts of a single 
process, not two separate processes. Strict control 
of field accuracy is necessary to obtain usable 
records. This control is exercised by routine 
checks on accuracy made when (a) the field data 
are received at the Regional Offices, and (b) dur-
ing processing and analysis of the data both at the 
Regional Offices and at the Head Office. These 
checks show where inaccurate work is being done 
anywhere in the system, from the original gauge 
readings by the observer to the final processing of 
the discharge records. Whenever poor work is dis-
covered by means of the accuracy checks, it is im-
mediately corrected by orders from the office. 

The operation of a stream-gauging station net-
work consists of the following operations: 

a) Observing and recording complete records of 
stream stage read from staff gauge, recorded by 
autographic recorder, or logged by sensor-in-
terfaced electronic loggers. 

b) Regularly visiting the gauging stations for 
check and maintenance of the installations and 
for advising the local observer in his task. 

c) Promptly carrying out repairs and maintenance 
whenever observations and recordings are in-
terrupted. 

d) Taking measurements of discharge at every 
gauging station often enough to be able to de-
fine and maintain the discharge rating curve at 
any time. 

e) Carry out correct processing and analysis of 
the collected data at the office. 

f) Checking and controlling the accuracy in all 
parts of the data collection and processing sys-
tem. 

Usually, there are three levels ofresponsibility in-
volved in the operation of a stream-gauging net-
work. They are: (a) the Hydrometric Head Office 
which sets policy and standards, provides training 
and equipment, and carries out the final quality 
checks and processing of the collected data, (b) the 
Hydrometric Regional Offices which construct 
the stations and provides facilities, training, con-
trol and initial processing of the collected data, 
and (c) the Hydrometric Field Personnel who ac-
tually measure and record the physical data and 
maintain the recording and gauging facilities in 
good condition. 

9 



CHAPTER 2 

FIELD OPERA TION 

2.1 General 
The essential requirement for obtaining reliable 

records of stage and discharge is that the field 
work be performed accurately and conscientious-
ly. The final records will be only as good as the 
field work that goes into them because the field 
data is the basis for the computation of the records. 

The first step necessary for the collection of ac-
curate data is that the field team be adequately pre-
pared for the field tour. By being adequately 
prepared means that they have all the necessary in-
formation regarding the particulars of each gaug-
ing station and all the needed equipment and that 
the equipment is in good operating order. This is 
the responsibility of the team leader. 

The team must be prepared to spend some time 
at any station in order to bring it in proper order, 
if necessary altering the schedules of work and 
travel accordingly and camping on the site until 
the work has been completed. It must be kept in 
mind, when visiting stations, that the time spent in 
travelling is a fixed expense, while the time spent 
on attention and care of the stations while there is 
the useful time. 

After the team returns to the office from a field 
tour, the team leader must see to it that any neces-
sary repairs are made to the equipment so that the 
team will be prepared for the next field tour or an 
emergency inspection that it might be called on to 
make. 

The specific responsibilities of the field person-
nel are to ensure that: 

a) The gauges are set to correct datum. 
b) The water-level sensor, the recorder/logger 

whether of the autographic chart recorder type, 
the digital punching logger, or the electronic 
solid-state memory type logger, are function-
ing correctly. 

c) The local observers are reading the gauge and 
recording the readings correctly as instructed. 

d) All equipment and structural installations are 
rnaintained and kept in good repair. 

e) Stream discharge measurements are taken at 
the required time intervals. 

2.2 The Local Observer 
The reading of statI gauges is the first basic step 
in hydrometric work. If this task is not performed 
properly the rest of the work involved in operating 
the gauging station will have a greatly reduced 
value. 

The frequency of gauge readings for nonrecord-
ing gauges is an important factor in the accuracy 
of the continuous discharge records to be convert-
ed from these readings. Normally, the gauge is 
read at least three timesa day, at 0700, 1200 and 
1800 hrs. During periods of low flow and for 
gauges in lakes, one daily reading is usually suf-
ficient. 

For most stream-gauging stations, gauge height 
to the nearest centimetre is of sufficient accuracy. 
There are certain special cases involving small 
streams and low flows where greater refinement is 
required. 

The sources of error for nonrecording gauges 
are mainly related to the human factor. If the ob-
server is careless in his work, the gauge-height 
record will be, of necessity, also of poor quality. 
Normally, it is not too difficult to find a reliable 
observer if the gauge site has bcen conveniently 
located. 

The observer must be adequately trained. The 
importance of being close to the staff gauge and 
close to the water surface when reading the gauge 
should be stressed. 

The hydro-technician when going on field tours, 
should always see the observer. He should add his 
own reading of the gauge in the observer' s gauge 
record book. This will serve as a check to the ob-
server' s readings and will indicate to him the im-
portance of his task. 

The observer' s instructions should include the 
following: 

a) Gauge readings are generally taken three times 
a day, at 0700, 1200 and 1800 hrs. If for special 
reasons the observer must take the readings 
more often or at other times, this is stated in the 
remarks column of the recording book. 

b) If because of illness the observer is unable to 
read the gauge, he should arrange fora tempo-
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Chapter 2 

rary replacement who should make the read-
ings for a while. It must be stressed that 
"cooked-up" readings never must be entered in 
the gauge record book. If for some or other rea-
son the gauge could not be read, simply state 
"gauge not read" in the record book. 

c) The observer should immediately notify the 
Regional office of any irregularities at the sta-
tion, such as gauges or other equipment dam-
aged, vandalism, etc. 

d) The observer should submit his monthly or 
half-monthly readings by mail just after the 
end of the period. In remote areas where postal 
service is not available, the readings are col-
lected by the field teams on their regular visits 
to the gauging stations. 

The routine operation of autographic water-level 
recorders involves replacing recorder charts, 
winding and regulating the clock or changing bat-
tery, filling ink or sharpening the pencil, and keep-
ing the intake pipes and stilling well free of 
sediment deposits. These tasks are done by the ob-
server, others by the field personnel from the of-
fice. However, the exact division of the specific 
duties will depend upon the local circumstances. 

When modem type sensors and digital or solid-
state memory loggers are installed, then, control, 
resetting and maintenance are carried out by the 
field technicians according to the directives laid 
down by the maker of each particular piece of 
equipment. 

2.2.1 Recording the Gauge Readings 
The daily gauge readings are recorded on the form 
Daily Gauge Record-Appendix A, Plate 1. The 
forms are bound in the Gauge Record Book and 
perforated along the left edge. When completed, 
the form is torn out and mailed to the Regional Of-
fice while a carbon copy is retained in the book for 
security reasons. 
The form is filled in as follows: 

a) Enter station number, name of river, location, 
etc., as indicated on the form. 

b) The form has two columns of dates and is sup-
posed to cover either the first half or the second 
half of the month, that is, two sheets will cover 
one complete month. 

c) Three columns are reserved for the gauge read-
ings. The times of reading are entered at the 
head of the columns. One column is reserved 
for observation of rainfall in case a raingauge 
is installed at or nearby the gauging station. 

12 

2.3 Inspection of Ganging Stations 
Securing reliable gauge-height records requires 
regular inspection and maintenance of the instal-
lations at the gauging stations. Whenever possi-
ble, maintenance necessary for the continued 
operation of the station is performed at the time of 
the visit. 

Upon completion of an inspection tour, a Field 
Inspection Report for Stream Gauging Station is 
prepared and submitted to the Regional Office. 
See Appendix A, Plate 2 for a specimen of the 
Form that can be used. 

Separate detailed reports are required where 
major repairs are needed. For example, details of 
damage caused by floods which can not be re-
paired by routine maintenance are to be accompa-
nied by sketches and survey information so that 
reconstruction can be planned. Special reports are 
required where repairs or maintenance are neces-
sary on access roads, causeway crossings, culverts 
and bridges. 

Recorders equipped with float, float cable and 
counter-weight contain necessarily some friction 
and lost motion which results in a slight lag in the 
recording of changes in the river stage. If the re-
corder is cleaned and maintained correctly accord-
ing to the manufacturer' s instruction, this lag and 
friction can be kept to a minimum. A further 
source of error is due to the tendency of the re-
corder charts to expand and contract with changes 
in temperature and humidity, and to improper 
alignment of the chart on the recording instru-
ment. 

If the clock is not adjusted properly, errors will 
be introduced because the pen will not be at the 
correct time at the end of the recording period. 
Lack of cleaning and maintenance of the clock are 
usually the causes of questionable clock opera-
tion. 

Another possible source of error is the displace-
ment of the reference gauge due to settling or other 
causes. This error is reduced by periodic checks of 
the datum of each gauge section relative to at least 
one Bench Mark that is detached from the gauge 
or its support and that are secured against destruc-
tion or change in elevation. In this respect, it may 
be stated that a long record of stage, which can not 
be related with certainty to a fixed datum through-
out its recording period, will have a greatly re-
duced value for most engineering, hydrological 
and statistical purposes. 

The sources of error regarding autographic re-
cording stations are numerous, such as: Incorrect 
reading of reference gauges, inaccurate setting of 
pen, failure to wind the clock, failure to be certain 
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Figure J. Standard design of autographic water level recorder set in river bank. Section of house, stilling well and intakes ( courtesy 
of' US Geological Survey ). 

the clock was operating after being wound, failure 
to place the pen back on the chart, leaving the pen 
in the incorrect reversal, or failure to clean and 
maintain the recorder are some of the factors that 
frequently cause errors in gauge-height records or 
loss of records. Most of the sources of errors and 
loss of records can be eliminated by careful atten-
tion to details and by following the manufacturer' s 
instructions for maintenance of the various re-
cording devices. 

All field personnel should realize the impor-
tance of submitting an interpretation of the re-
corder chart where any discrepancies exist and 
that necessary repairs and maintenance must be 
carried out in order to pre vent them recurring. This 
can be done if sufficient time is spent at the station 
to examine the recorder in detail, taking field no tes 
of all adjustments carried out and examining the 
stilling well, intake pipes, staff gauges, and the 
station control. Where stilling well and intake 
pipes are silted up, steps must be taken to cl~ar 
them at once, and where staff gauges or other m-
stallations need repairs, they must be repaired at 
once. 

2.3.1 The Local Observer 
The first thing the field technician does when he 
arri ves at the station is to see the local observer. He 
asks for general information and inspects the re-
cording book. 

Befare leaving the station, the field technician 
adds his own gauge reading in the remarks column 
of the recording book and initials it. 

2.3.2 The Recorder House and Other 
Structures 
The field technician then inspects the recorder 
house (Fig. 1) and other structures that are part of 
the gauging station to be certain that everything is 
in good condition and that nothing has been dis-
turbed by unauthorized persons. lf any damage 
has occurred at the station, the technician should 
make whatever temporary repairs are necessary. 
He should also note the extent of any damage and 
report it in writing to his supervisor. 

13 
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2.3.3 Station Control and Stream Channel 
Next, the field technician inspects the station con-
trol. It is not necessary to describe fully the chan-
nel and control conditions on each visit, the 
general description is given in the Station De-
scription. However, changes in conditions be-
tween visits are important and should be recorded 
on the recorder chart and on the front sheet of the 
discharge measurement notes. Changes in the 
low-water control section influence the discharge 
rating for the low stages, while for higher stages, 
changes in the channel conditions for some dis-
tance below the gauge will affect the discharge rat-
ing. Conditions above the gauge may also affect 
the rating, such as a cut-bank that furnishes sedi-
ment that may be deposited on the control, or de-
posited in the forebay just above the control 
causing changes in the velocity and direction of 
the approaching flow. 

It is important to note whether the control is ob-
structed by drift wood or debris and the amount 
and ex tent of any weed or moss growth on the con-
trol. A comment should be made both on the re-
corder chart and on the discharge measurement 
form that an obstruction was found, together with 
an estimate of the length of time the obstruction 
has been present. An artificial control should be 
inspected closely if there is any leakage or in-
crease of leakage since last visit, also any deteri-
oration of weir and banks forming the control. If 
there is ice on the stream, the type, location and 
amount of ice should be recorded. 

No change should be made to the control con-
ditions until after a discharge measurement has 
been taken. 

2.3.4 The Staff (Reference) Gauge 
The field technician should inspect, read and note 
all gauges installed at the station. Reading of the 
gauges is important because the interrelation of 
the readings may provide indication of malfunc-
tion of the recorder such as blockage of intakes, 
and is necessary for the application of proper cor-
rections and appraisal of the quality of the gauge-
height record. Check levels should be run forward 
and back to the station bench mark. Any gauge out 
of level should be reset. 

The level of each separate staff gauge section is 
checked relative to the station bench mark by lev-
elling between the bench mark and the gauge sec-
tions. The level is checked by a closed levelling 
circuit, starting and finishing on the bench mark. 
The misclosure should not exceed 4 mm. The 
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mean of the two levelling runs is taken as the dif-
ference in height between the station bench mark 
and the staff gauge sections. 

Staff gauges are check-levelled and reset as nec-
essary at least two times a year. During January-
February and during June-July. 

The datum of the staff gauge shall not be altered 
except on instruction from the Regional Office. 

Initial survey information of the gauges and the 
bench mark should be kept in the recorder house 
for easy and quick reference. 

Reading of the outside staff gauge may be af-
fected by surge. The gauge should be observed for 
a sufficient length of time to determine the mean 
of the water height, which then is taken as the 
gauge height. 

2.3.4.1 Check Survey of the Staff Gauge 
Check survey of staff gauges is entered on form 
Stream Gauging Station Check Survey Sheet-
Appendix A, Plate 3. The general procedure for 
running check-levels at gauging stations is as de-
scribed in the following. 

a) Check-levelling of staff gauges should be car-
ried out: 
i) Every January-February and June-July. 
ii) Before and after repairs and adjustments. 
iii) After it is noticed that the discharge gaug-

ings start to deviate more than 4 % from 
the established discharge rating curve. 

b) U se of the Form: 
i) Before going on an inspection tour, all re-

quired information is entered at the head 
of the form, one form for each of the sta-
tions one plans to visit. 

ii) The form should be used in the field for 
entries of survey data. 

iii) The use of an eraser for the correction of 
original field entries is not permitted. The 
erroneous figure should be crossed over 
with a single line and the correct figure 
written above. 

iv) The levels should be reduced after com-
pletion of the survey and an arithmetic 
check carried out. 

v) For general details on surveys see for ex-
ample: D. Clark, Plane and Geodetic Sur-
veying, Volume 1 [3], or any other stand-
ard text on surveying. 

c) Le velling Procedure: 
i) Start levelling from the station bench 

mark (S.B.M.). 
ii) Take intermediate sights with levelling 
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staff placed at the water' s edge, on each 
separate staff gauge section, and on any 
auxiliary bench mark (A.B.M.). 

iii) After the final foresight on the last staff 
gauge section has been obtained, run a 
second level from the last section closing 
back to the station bench mark, again 
making intermediate sights on each sepa-
rate gauge section, on an auxiliary bench 
mark, and on the water' s edge. 

iv) Reduce the levels and check the compu-
tation. The misclosure should not exceed 
4 mm, if greater, the procedure is repeat-
ed. The mean value of the two runs is used. 

2.3.5 Intake Pipes and Static Tubes 
The intake pipes and static tubes should be 
checked by eye or by probing if necessary to see 
if there is sediment or gravel around the intakes. 
Deposits are cleared away. 

2.3.6 Servicing the Water Level Recorder 
After inspecting the recorder house, the control, 
the intake pipes and static tubes, the gauge sec-
tions, and auxiliary gauges, gauging structures 
such as a cableway, and after having check-lev-
elled and if necessary reset the gauges, the auto-
graphic recorder is inspected and serviced. Fig. 1 
shows a schematic drawing of an autographic wa-
ter-level recorder with stilling well and intake 
pipes set in the river bank. 

2.3.6.1 Recording Nates on the Recorder Chart 
The recorder chart is noted on the following occa-
s10ns: 

a) On every visit to the gauging station. 
b) When the chart is removed from the recording 

instrument. 
c) When a new chart is set on the recording in-

strument. 

When a new chart is set, care must be taken to see 
that it is noted with correct time and gauge height. 

The practice of recording nates may vary with 
the region and the individual. However, it is a 
good idea to stamp the chart befare mounting it by 
means of a rubber stamp to en sure uniformity. The 
stamp has generally the following items: 

STATION: 
DATE: 
TIME: 
PEN: 
O.S.: 
I.S.: 
F.TAPE: 

Station name and ID No. 
Day, month, year 
Watch time, 24-hour system 
Pen time of recorder 
Outside staff gauge 
Inside staff gauge 
Float-tape gauge 

AUTO: Water level indicated by recorder 
pen 

NAME: 
RMKS: 

Initials of inspector 
Remarks 

At the time of inspection, the time should be indi-
cated by a vertical about 3 mm long inspection 
mark of the pen. The pen should be raised from the 
chart, the float raised a few cm, the pen placed on 
the paper again and the float raised another few 
cm. The mark should not be made by rocking the 
float pulley because this may cause the float string 
or float tape to slip on the pulley. The float string 
or tape should be pinched by two fingers, between 
the float and the pulley, and manually lifted. 

Knowing the reduction ratio of the recording in-
strument, the recorded stage is checked against the 
outside staff gauge. If there is any discrepancy, a 
eireled point is made on the chart to show the cor-
rect water level and time corresponding to the 
scales on the chart. The appropriate notations are 
made opposite the eireled point: date, time of day, 
gauge readings inside and outside the stilling well, 
and the inspector' s initials. The nates should be re-
corded neatly, thus providing a permanent record 
suitable for reproduction. 

If the recorder disagrees with the reference 
gauge by more than 1/2 cm, there are several pos-
sible causes for the error: 

a) Obstruction of the intake pipes. 
b) Instrument may be out of adjustment. 
c) Shrinkage or expansion of chart. 

Each of these causes will be discussed below un-
der separate headings. 

Alterations in the pen position should not be 
made during a normal period between chart 
mounting and chart removal unless some gross er-
ror is detected, such as a blocked intake pipe. In 
this respect, a normal run period may be defined 
as not more than one month. When minor discrep-
ancies occur, any necessary adjustments in gauge 
height or time will be made when the chart is proc-
essed at the office. 

If the pen is adjusted to a new position, write 
"adjusted" with an arrow pointing to the new po-
sition and explain why. Ona steeply rising or re-
cession limb of a hydrograph, the recorded 
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reading before adjustment is also given, as the in-
spection mark tends to follow the trace and makes 
reading difficult. The amount of error in stage is 
required for the error distribution when processing 
the chart in the office. 

If the clock has stopped, indicate exactly on the 
chart where the pen was found and, if possible, 
show the direction the pen was travelling. Also, it 
is usually a good idea not to make an inspection 
mark on the chart because the length of the record-
ed line the pen was tracing may represent the range 
in stage during the clock stoppage. 

In order to help discover faults in the operation 
of gauging stations, it is necessary to interpret pe-
culiarities in the recorded trace. On visits to gaug-
ing stations, field technicians must inspect the 
trace on the chart from the time the chart was set. 
The recorder may appear to be operating satisfac-
torily at the time of the visit, but may have devel-
oped trouble previously and temporarily rectified 
itself, that is, clock stoppage, intake pipe block-
age, float string and counterweight fouling, etc. 

If there are any unusual conditions with respect 
to the trace (see Chapter 3.3.4), or if there is any 
maintenance done, or change in the control, addi-
tional notes should be made on the chart explain-
ing these points. An interpretation of any faults in 
the trace should be made and where possible rec-
tified. 

After the inspection and the notation on the 
chart have been completed, the required repairs 
and adjustments such as flushing the intakes, 
winding the clock, regulating the speed of the 
clock and so forth, can be carried out. 

2.3.6.2 Obstruction of Intake Pipes 
All intakes are flushed during each visit whether 
or not the intake pipes appear to be blocked by de-
posited silt or open. Needless to say, the writing 
stylus is tumed away from the recorder chart be-
fore this operation and tumed back into correct po-
s i ti on when the operation is completed. 

The end of the intake pipes with the static tubes 
should be inspected in case they may be buried in 
silt. If the stilling well does not have intake pipes, 
but inlets or slots, these should be inspected for 
free access of water to the well. If a sand bar has 
formed in front of the in take, a trench is dug to the 
flow of water at right angles to the bank. 

Silt is removed from the stilling well when the 
sump at the bottom of the well has filled up and the 
operation of the recorder is threatened. 

For small diameter stilling wells where no flush-
ing device has been installed, the displacement 
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method may be used to clear the intake pipe and 
well for silt. The method consists of pouring water 
into the well and stirring up the silt by use of a rod. 
A sufficient head may be built up in the well al-
lowing the water to force its way out through the 
intake carrying the deposited silt with it in the 
rush. 

In special cases, where the station is of short and 
easy access, one may re ly on small portable pumps 
to pump out the mud and silt accumulated in the 
stilling well. 

Larger stilling wells may he entered by a man 
and cleaned out by hand. The intakes are provided 
with a closing device. First, the intakes are closed 
and the well cleaned out. Then, the intakes are 
opened and cleared be using flexible sewer rods. 

The checking and clearing of stilling well and 
intakes must proceed until agreement between the 
water level in the well and the outside staff gauge 
is achieved. The gauges are read again after the in-
takes are cleared and conditions in the well have 
stabilised. The changed gauge height is noted on 
the chart. 

2.3.6.3 Instrument out of Adjustment 
Once it is certain that the intake is open, the pen 
position on the chart should be checked. At this 
stage, if the discrepancy with the outside staff 
gauge was due to intake blockage alone, the re-
corder should read correctly. If a discrepancy still 
exists, the following points should be checked: 

a) Initial setting of the pen. 
b) Whether the float pulley adjustment screws are 

tight. 
c) Whether re versal of the writing stylus occurs at 

the top line on the chart. 
d) Whether the chart is coming squarely off the 

supply roll or is correctly placed on the drum. 
e) Whether the pen is secure, but at the same time 

pivots freely on its support. 
f) Whether the float line beads fit securely into 

the float pulley or the line slides on the pulley. 
Or, whether the spikes of the pulley fit into the 
holes in the tape if a float-tape is used. 

g) Whether the float or counterweight are fouling 
the side of the stilling well, the ladder, inner 
tubes, etc. 

h) Whether the float is leaking. 
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2.3.6.4 Shrinkage and Expansion of Recorder 
Chart 

Errors due to shrinkage and expansion of the chart 
is caused by varying humidity. This can amount to 
as much as 2 % expansion or contraction of the pa-
per. 

2.3.6.5 Removal and Check of Recorder Chart 

Befare the chart is removed, check the reversal at 
the margins and adjust the pen as necessary. This 
check is important because it may save many pen 
corrections when processing recorder charts. It is 
stressed that this check is done befare the used 
chart is removed. 

As the recorder chart is removed, it should be in-
spected for any indication of malfunctions such as 
flat periods, sudden vertical lines, stoppages or 
any obvious trouble which would call for action 
befare leaving the station. The chart should be dat-
ed or the number of days of record counted to de-
termine if there is any lost record or excessive 
corrections due to error in time. 

When inspecting the chart, the trace may show 
that a flood has occurred since the last visit. The 
well should be examined for any high-water mark 
to compare with the recorded peak. The recording 
of the high-water mark in the well is especially im-
portant if the clock happened to have stopped dur-
ing the flood and the pen reversed, thereby 
obscuring the peak recorded on the chart. If the re-
corder is equipped with a float-tape instead of a 
float string, the installation of a Dahman peak-
stage indicator will afford the determination of the 
peak. This device is a bronze clip that slides on the 
float tape after reaching the instrument shelf. 

If the intakes were blocked and the well sealed 
during the peak or if for any reason the inside 
gauge height is not representative of the outside 
water-surface elevation, the flood marks upstream 
and downstream from the well and at the staff 
gauge, if found, should be staked out and tied in 
by levelling. Refer Appendices Band C. 

2.3.6.6 Mounting of New Recorder Chart 

After the removed chart has been inspected, a new 
chart is set on the recorder. Befare the chart is 
mounted it is stamped by the rubber stamp (Sec-
tion 2.3.6.1 ), and the station name, date, time, 
gauge readings, remarks and initials are recorded. 
Make a vertical inspection mark as explained 

above when setting the pen. Be sure the pen is not 
in the reversal as a result of previous reversal 
check. See Appendices B and C for further details 
on replacing recorder charts. 

2.3. 7 Discharge Measurement 
N ext, the field technician makesa discharge meas-
urement. The type of measurement will depend on 
the size of the discharge, the time of the year and 
the physical facilities at the station. The measure-
ment is computed befare the technician leaves the 
station and is plotted on the established rating 
curve. If the measurement plots more than 4 % off 
the rating curve, the calculations are checked. If no 
mistakes are apparent, the measurement is repeat-
ed. If still off the rating curve, a shift in the station 
control has probably occurred. 

After the measurement, he removes any ob-
structions from the control. He should record the 
stage of the stream after the obstructions have 
been removed and the forebay has drained. This 
stage is to be used with the measured discharge 
when checking the stage-discharge relation. Then 
he makes certain that the water-level recorder has 
operated correctly during the time he was making 
the measurement. 

One of the essential points to remember con-
cerning discharge measurements is to measure the 
conditions in the stream as they are found without 
making any changes at the control. This does not 
mean that weeds or rocks or other obstructions can 
not be removed from the discharge measuring sec-
tion or that a section can not be prepared by build-
ing dikes to cut off dead water and shallow flows. 
However, algae, debris, ice or any other obstruc-
tion on the station control that can be removed, 
should not be removed until after the measure-
ment is completed. 

Following the discharge measurement, the front 
sheet of the Discharge Measurement Nates is 
completed. This page contains the supplementary 
information that is necessary for computing and 
evaluating the measurement. 

If there has been a change in stage during the 
discharge measurement, it is important to copy 
from the water-level recorder the stage record that 
will be needed to compute a weighted mean gauge 
height for the measurement. 

For detailed procedures in making discharge 
measurements see Volume 3. 
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2.3.8 Final Check of Recorder Instrument 
Before lea ving the station a final check is made to 
be sure that: 

a) The clock is wound and running. 
b) The chart is noted with correct reference gauge 

reading, date and time of day, name of inspec-
tor and any other pertinent remarks. 

c) There is sufficient chart left on the roll to last 
until next visit (in case of a strip-chart record-
er). 

d) The ink well has sufficient ink in it and that the 
pen is secure and pivots freely on its support. 

e) The float pulley adjustment screws are tight. 
f) The writing stylus is in the correct position and 

that the pen is writing. 

Also, an inventory of tools and equipment is made 
so nothing is forgotten and left at the station. 

2.4 Notes on Chart Faults 
Apart from malfunction of the recording instru-
ment itself, there are several other parts of the 
gauging station that may not function properly. 
Briefly, they are: 

a) The stilling well and intake. 
b) The staff gauge and the stilling pool. 
c) The station control. 

2.4.1 Stilling Well and lntake 
Errors due to the well and intake pipe fall into two 
types, structural and silting. Distortion of the hy-
drograph due to structural faults results from foul-
ing of the float or counterweight on ladders, 
braces, side of the well, inner tubes, etc., and 
grounding of the float during low flows or ground-
ing of the counterweight during floods. 

Structural defects of the static tube may lead to 
persistent silting, or in the case of missing or de-
fective static tubes, excessive drawdown in the 
well. 

The errors in the hydrograph due to silting are 
familiar to all, but in this connection, one point 
tends to be overlooked. Silting invariably occurs 
in the intake pipe, as this is the narrowest entry to 
the well. However, cleaning of the intake pipe 
only is insufficient to remedy the silting unless the 
sump is also cleaned. Cleaning the intake pipe and 
not the sump soon leads to a renewal of silting. 
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2.4.2 Staff Gauge and Stilling Pool 
The major error arising from the stilling pool is 
due to deposition of sediments in the pool. This 
may or may not cause silting in the intake pipes. 
Even though free entry to the well is maintained, 
the filling up of the pool can create an artificial 
control at low flows or alter the rating of the per-
manent control by increasing the velocity of ap-
proach, giving a higher discharge for a given 
gauge height. 

At some stations there may be some distance be-
tween the staff gauge and the recorder intake. Dur-
ing high stage, differences between the staff gauge 
reading and the recorded water level may cause an 
error due to the slope of the water surface. In these 
circumstances, never reset the recorder during 
high flood stages. 

2.4.3 Station Control 
Under certain circumstances, the physical dimen-
sions of the control can be materially altered. This 
is usually due to material such as logs or debris 
building up on the control during rising stage and 
perhaps being washed away prior to or during the 
peak of the flood, or being deposited on the control 
during the recession of the flood. 

2.5 Maintenance of Ganging Stations 
Maintenance is defined as the upkeep of property 
and equipment. Therefore, the purpose of gauging 
station maintenance is to keep the structures, 
equipment and instruments in first-dass operating 
order. Any malfunction of any part of a gauging 
station will result in lost accuracy or in the loss of 
the whole record. 

There are two types of maintenance: (a) preven-
tive maintenance, and (b) emergency mainte-
nance. The first type can be performed under 
preconceived plans and schedules while the sec-
ond type is performed, in most cases, without ad-
vance waming or planning. 

Preventive maintenance includes any activity 
that will extend the life or increase the usefulness 
of the gauging station, such as upkeep of the 
painting, replacement of damaged or badly-wom 
parts or other minor repairs, checking and adjust-
ing cableway sag, checking and tightening 
clipped cable connections, repairing or clearing 
cableway cross sections at which discharge meas-
urements are made and checking cableway an-
chors to make certain anchor bars and connec-
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tions are in good condition and not covered with 
de bris. 

The field technician should be furnished with a 
check list to follow so that nothing is overlooked. 

Emergency maintenance includes activities 
n~cessary to puta gauging station back into oper-
at10n after an act of vandalism, damage by high 
water or by other causes, or to make immediate 
changes at a gauging station to meet a specific 
need resulting from an unforeseen situation. The 
field technician may not always bring with him all 
the tools and materials needed to perform emer-
gency maintenance when such work is found nec-
essary. He should attempt to put the gauge back 
into operation on a temporary basis, however, and 
notify the Regional Office of the situation giving 
~n estimated list of materials required and approx-
1mate cost of the repairs. If the damage is minor 
and repairs can be made on the spot, this should be 
done. 

In general, the same procedure should be fol-
lowed in the performance of maintenance as is fol-
lowed for construction. Maintenance is just a 
minor constructionjob. The real difference is that 
maintenance work rnight be performed by a one-
man party without advance notice. Maintenance 
work is performed in a professional manner and as 
thoroughly as construction work. 

2.5.1 Maintenance of Recorder Instruments 
~~ter 1.evel sensors, recorders and loggers are pre-
c1~10n mstruments and must be carefully rnain-
tamed and serviced. It is essential that all 
hydrornetric field personnel should be thoroughly 
familiar with the sensor and recorder types in use, 
so they can trace faults and defects in them without 
wasting time or causing damage to the instru-
ments. 

It is important to pay careful attention to the Op-
erator' s Manual supplied by the manufacturers 
for the service and maintenance of the various re-
cording devices that are in use by the Hydrometric 
Service, such as sensors, recorders and loggers. 

If, on a visit to a station, it is found that the re-
cording instrument is not working, every effort 
should be made to find and rectify the trouble be-
fore leaving the station. If replacement parts are 
necessary to get the instrument working, the field 
technician must arrange with the observer to take 
additional readings until the instrument can be 
brought into working order. 

2.5 .1.1 The Autographic Recorder 

All bearings and parts subject to friction should be 
given a small drop of oil once a year. However, 
this must not be overdone, if too much oil is used 
dust will stick to the instrument making condition~ 
worse than no oil at all. On bearings where there 
are no holes for oiling, puta drop of oil on the side 
of the bearing with a tooth pick. Ball bearings have 
been oiled at the factory and this should suffice for 
at least five years. 

Clocks should be serviced by persons familiar 
with this work. It is recommended that recorder 
clocks needing cleaning, oiling or repairs be sent 
to the Regional Office forthat purpose. Always re-
place the cap covering the escapement port after 
inspection. See that caps are in place when clocks 
are in storage. Refer Volume 1, Section 5.5. 

2.5.1.2 The Digital Tape-Punch Logger 

The Digital Punching Recorder was the first dig-
ital recorder designed for hydrometric observa-
tions. Today it is regarded as a transitional 
generation of loggers and is on its way out. The 
same can be said about the next generation elec-
tronic equipment which recorded on audio tape. 
Refer Volume 1, section 7.4. 

2.5.1.3 The Solid-State Memory Logger 

The latest development is the Solid-State Memory 
Loggers, also known as intelligent loggers, which 
have no moving parts and are based on low-power 
electronics. It records on take-away memories in 
the form of cartridges or modules which are 
plugged into a translator or directly into a micro-
computer to down-load and archive the data. The 
dat~ recorded may also be transferred to Regional 
Office by remote transmission. 

The logger can be interfaced with most sensor 
types, also with the optical shaft encoder operated 
by a float-sensor. The float still appears to be the 
most accurate and commonly used sensor. 

These loggers are specially designed to be easily 
used by existing hydrological staff and offers im-
proved reliability over other recorder and logger 
types. Refer Volume 1, Section 7.4. [6]. 
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CHAPTER3 

PROCESSING OF 
AUTOGRAPHIC RECORDER CHARTS 

3.1 General 
Inspection nates appear on the recorder chart on 
the days that a hydrometric technician has visited 
the station for same purpose. This means that there 
are inspection nates at the beginning and end of 
each chart, and there may be nates at any interme-
diate point. The office personnel processing the 
charts should examine these nates for complete-
ness and accuracy. Check the notation for pen ob-
servation and time against that shown by the trace. 
If any discrepancy appears, check against the dis-
charge measurement nates, if available, or with 
the technician who made the inspection nates. 

Traditionally, autographic charts have been 
processed manually and the data entered into da-
tabase by key stroking. This is a time consuming 
operation. Today charts are usually processed, 
converted to digital form and transferred to data-
base by use of automatic digitizing systems, which 
has greatly reduced the time needed to process the 
charts. 

However, if a small number of charts are in-
volved, the design and expenditure on a computer 
system for automated chart digitization may not 
be justified. In any case, the decision of which sys-
tem to use should be made after a east and accu-
racy balance of manual versus automatic 
techniques has been made. 

3.2 Digitizing Recorder Charts 
The chart digitizer is an automatic processing sys-
tem for autographic recorder charts. The charts are 
scrutinized beforehand in order to determine any 
timingerror, pen error at start and end, or any chart 
mounting or datum errors. The errors are entered 
into the control unit of the machine and corrected 
during the run. 

The digitizer consists of a table, on which the 
chart is placed, anda cursor which is moved man-
ually along the pen trace. The cursor usually has 
a press button in order to pickup stage values from 
the trace at specific intervals of time, at specific 

treshhold values, and at high and low points. Also, 
the intervals required may be selected among aset 
of intervals and the cursor simply moved manual-
ly along the pen trace. 

The stage levels are automatically transferred to 
a control unit or a PC where the data are interme-
diately stored on diskettes for control and adjust-
ment befare later transmission to the database. 

3.3 Manual Processing of Recorder Charts 
When processing recorder charts manually, it is 
advised to follow systematically the steps outlined 
below: 

a) Enter the dates in the margin at the top, or bot-
tom, of the chart at the respective noon lines if 
the observer has omitted the dates. 

b) Inspect the time as recorded at the beginning 
and end of the chart and on any intermediate 
days, in order to determine if any time correc-
tion should be applied. After inspecting the 
chart to see that any diff erence between chart 
time and the actual time is not due to resetting, 
stoppage, etc., indicate the total time correction 
at the end of the chart by, for example, "Time 
4 hrs. fast" or "Time 2 hrs. slow". Distribute 
and indicate the time correction according to 
the method given in Section 3.3.1. 

c) The recorder pen is normally set to read the 
same as the reference gauge. Inspect the obser-
vations given for the reference gauge and for 
the pen at the beginning, intermediate points, 
and end of the chart and determine the pen cor-
rection to be applied, if any. Indicate the total 
pen correction at the end of the chart and at any 
place ofresetting. Distribute the total pen cor-
rection according to one of the methods de-
scribed in Section 3.3.2 and indicate the cor-
rection on the recorder chart. 

d) Examine the recorder chart to see if reversals 
have occurred. If so, identify the points of re-
versal by the abbreviation "Rev" and indicate 
the correction to be applied if the points of re-
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Ave rage 
va lue 

Figure 2. Graphical ave raging of water leve! recorded on chart by 
means of a plastic femplate. 

versal should not coincide with the tap or bot-
tom line of the chart. 

e) W en the recorder trace is missing for part of a 
day, it may be estimated and marked on the 
chart by a dashed line for use in determining 
the daily mean gauge observation. 

If the recorder trace is missing for one or 
more days, the daily mean gauge heights are 
based on the available manual gauge readings. 

When adding nates and corrections on the 
chart or interpolating for missing records, care 
is taken to preserve the original record. Do not 
trace over an original pen record. 

f) Compute the daily mean recording by ane of 
the following two methods: 
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- Balance the areas above and below an index 
line by means of a template. The template con-
sists of a thin sheet of clear plastic, with an in-
dex line etched along the major axis as illus-
trated in Fig. 2. The mean value is determined 
by placing the index line over the intersection 
of the graph and the vertical line representing 
the beginning of the time interval considered. 
The index line is rotated around the point of in-
tersection and area A visually balanced against 
area B, the mean value is read at the intersec-
tion of the index line and the vertical mid-line 
of the time interval. 
- Divide the day into two or four equal parts, 
determine the mean for each part and then av-
erage these values to obtain the mean for the 
day. For example, suppose the day is divided 
into four parts of six hours each. The mean re-
cording for the first period of six hours is indi-
cated bya dat at the mid-line (the 0300 hrs. line 
in this case). The mean for the second six-hour 
period is indicated by a dat at the mid-line 

(which is the 0900 hrs. line). A line is drawn 
from the dat on the 0300 hrs. line to the dot on 
the 0900 hrs. line and the point at which this 
line crosses the 0600 hrs. line is the mean re-
cording for the first 12 hours of the day. Do the 
same for the last 12 hours of the day and con-
nect the two 12-hours means bya straight line. 
The point at which this line crosses the noon 
line is the mean recording for the day. 

g) Adjust the daily mean recordings by applying 
the appropriate pen correction and reversal 
correction (where applicable). In arriving at the 
daily mean gauge height, the individual correc-
tions applied to each daily mean recorded val-
ue should be shown separately rather than as a 
net correction. The daily mean recording is en-
tered on the recorder chart just above the lower 
margin of the chart. 

h) Compute the daily mean gauge height by ap-
plying to the daily mean recording the appro-
priate gauge corrections for the manual gauge 
to which the chart record is referred. This pro-
cedure may be delayed until the end of the wa-
ter year when the gauge corrections applicable 
to that year have been determined. Application 
of the gauge correction may or may not be 
shown on the recorder chart. If gauge correc-
tions are applied on the chart, use the abbrevi-
ation "GC" for gauge corrected after each 
gauge correction value. 

i) Mark the maximum and minimum instantane-
ous recordings for the year on the chart. 

j) If the period of usable record and the period 
covered by the chart are not the same, the pe-
riod of usable record should be indicated at the 
beginning of the chart with a note explaining 
why the remainder of the chart record is not to 
be used. Do not destroy a chart even ifall of it 
is considered unreliable as the presence of it on 
the files will show that a useful record was not 
obtained for that particular period. 

3.3.1 Correction of Pen Time 
When the clock runs fast or slow, the rate at which 
the recorder chart maves will also be fast or slow. 
It is assumed that a clock running fast or slow <loes 
so at a constant rate. Therefore, a clock that runs 
say 7 1/2 minutes slow each day (24 hours period) 
will be an hour late at the end of 8 days of opera-
tion. If a field technician visits the station at the 
end of 48 days, the pen time will show 6 hours 
slower than correct time. 

Corrections are made to the nearest hour. In the 
above example, the error was less than 30 minutes 
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during the first four days and no correction is 
needed, from the fifth to the twelfth day the clock 
was progressively slower from 30 minutes to 11/2 
hours and the correction is l hour, from the thir-
teenth to the twentieth day the clock will be from 
11/2 hours to 2 1/2 hours slow and the correction is 
2 hours. The correction increases by I hour every 
eight days with the maximum correction occur-
ring during the final five days. 

Time corrections are conveniently done graph-
ically. Using ordinary graph paper, mark the max-
imum correction along the ordinate axis and the 
number of days along the abscissa axis. Draw a 
straight line from zero days and zero correction to 
the intersection of the last day and the maximum 
correction. Where this line intersects the horizon-
tal lines through the 1/2, 11/2, 2 1/2, ... ho ur correc-
tion, are the days when the correction changes. 
The method is illustrated in Fig. 3. 

In practice, it is customary to use calendar dates 
instead of days. Thus, the days of correction-
change are given as the actual date appearing on 
the recorder chart. 

3.3.2 Correction of Pen Recording 
Corrections for the difference between the pen re-
cording and the staff gauge reading are made in 

exactly the same way as time corrections. For ex-
arnple, assume that the pen trace was + 0.06 rn off 
the staff gauge reading at the end of the 48 days 
period. Then, 

48/6 = 8 

shows that the pen reading error gradually 111-
creased by 1 cm every 8 days. 

Corrections are made to the nearest l cm. There-
fore, by applying the same principle as that used 
for the time correction, the correction of the pen 
recording will be: 

Day Correction in cm 

00-04 0 
05-12 - I 
13-20 -2 
21-28 -3 
29-36 -4 
37-44 -5 
45-48 -6 

Corrections for pen recording errors can also be 
made graphically. The principle is the same as 
shown above for graphical time corrections. 

3.3.3 Datum Correction 
The elevation of the staff gauge relative to the sta-
tion bench mark is normally checked at intervals 
and a report submitted to the office (Section 
2.3.4.1). Should the staff gauge be found to be dis-
placed, the gauge correction to be applied is en-
tered on the Datum Correction Distribution Sheet 
(Fig. 4). Also see Appendix A, Plate 4. 

If the date on which the change occurred is 
known, the correction to the gauge readings is ap-
plied straight forward. If the date on which the 
change occurred is not known, assume that the 
change occurred uniformly and distribute the cor-
rection in accordance with one of the two follow-
ing rnethods: 

a) Di vide the correction by the number of days to 
find the change per day. For example, suppose 
the correction was found to be 0.00 m on 
March 20 and +0.04 m on March 30. The 
num ber of days is 10 and the correction would 
be 0.04 m. The change per day is 0.004 m. The 
corrections that should be applied are illustrat-
ed in Fig. 4. 
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DATUM CORRECTION DISTRIBUTION SHEET 

STATION NAME ........................................... STATION NO ....................... . 
68 TYPE OF GAUGE .......................................... YEAR 19 .......................... . 

Correction: 0.0() on Dec.ember- 4h, ~Cfb'1 

Day Jan Feb Mar Apr May June July Aug Sep Oct Nov Dec 

1 O.oo o.oo o.oo o.oo o.oo o.oo o.oo o.o-t o.o:L o.o, o:oo ().00 

2 
3 l 
4 o.ot 
5 o.o.2 
6 
7 
8 
9 

10 
11 
12 
13 
14 I 

15 o.o3 
16 11; o.oo 
17 o.on 
18 0.01 
19 '" -
20 o.oo ,1; 

21 0.00 o.o.i 
22 0.01 0.03 
23 o.o. 
24 o.o.2.. . 
25 0.02. o.oo 
26 o.o.i 
27 0.03 
28 I 0.03 
29 o.oo o.oq ·I; .1, 11 

30 'li o.olf o.oo 1, 0.01 ,1, 111 o.o3 \li o.oo li 

31 o.oo o.oo o.oo 0.01 o.o:i o.oo o.oo 
I Correction: o. 00 on Jcll\w:vy "~) ~~ 

Remarks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Computed by ............... Date ................ . 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Checked by ................ Date ................ . 

Figure 4. Datum correction distribution sheet. 
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Processing of Autographic Recorder Charts 

a 
/ \ 

I \ Well cleaned or float freed 

I \ Mark date and time on chart 
I 

I ' ~ 

I ' ' , 
Estimated røcession curve ,__: ~ J ~ ...... 

/ -i'-

-
Cause: Stilling well silted, intakes blocked orfloat hung on obstructions. 

b I I 
Range in stage during Pen found høre _!..,.z.,. 
clock stoppage. -

Clock SIDpped ~ l. Record range in stage, --- date, time, pen reacling-
V-- and all olher gauge 

reaclings. 
I I 

I I 
Cause: Clock stopped. 

c 
~ 

I \ -
] 'l 

J\ \ 
~ r \. 

I , " \ I ./?/ ..... fl 
I " Estimat ed ~ r ""'-

/ trace 
I 

Cause: Floa!, float-string, or counter weight temporarily hung on 
obstruction in well or on instrument. 

d 

" { ~ 

l ~Trace band, not line 

\ 
I \ 
I \. 
I ' ~ / "'-. 

Cause: Surge at high stage due to intake pipe having diameter 
to large. 

Figure 5. Unusual recorder-traces. 

-

b) When the correction is small and the number of 
days is large, the preferable method is to di vide 
the number of days by the correction. For ex-
ample (Fig. 4), suppose the correction is 0.00 
mon May 25 and + 0.03 mon October 15. Di-
viding the period of 144 days by 3 gives 3 in-
tervals of 48 days each. Then, no correction 
will be applied during the first one-half interval 
of 24 days, that is, from May 25 to June 17. An 
increase of 0.01 min the correction will be ap-
plied during each of the next two intervals of 
48 days, that is, a correction of 0.01 m from 
June 18 to August 4 and 0.02 m from August 
5 to September 21. The remaining 0.01 m cor-
rection will be applied during the remaining 
one-half interval, that is, the final correction of 
0.03 m will be applied from September 22 to 
October 15. 

The Datum Correction Distribution Sheet should 
be prepared up to the date of the first datum check 
of the staff gauge in the following year. 

3.3.4 Unusual Trace Configurations 
Unusual recorder-trace configurations result from 
the autographic water-level recorder functioning 
under abnormal conditions, which may result in 
malfunctions of the recorder, the stilling well, and 
the intakes, as well as erratic behaviour of the 
stream and control. 

The unusual trace caused by malfunctions of the 
recorder, stilling well and intakes are mechanical 
malfunctions and can be prevented. The unusual 
trace caused by behaviour of the stream and con-
trol can not be prevented. The field technician 
should be familiar with the unusual trace patterns 
so that a mental image can be formed of past 
events by looking at the recorder chart. Fig. 5 
show some unusual recorder-trace patterns and 
their causes. 

3.3.5 lncomplete and lnaccurate Records 
Recorder or stilling well malfunctions or peculi-
arities in the hydraulic characteristics of the 
stream channel or stilling well can cause the re-
corder to fail to register the water level or to reg-
ister it erroneously. Depending on the cause and 
what information is available in order to replace or 
supplement the pen record, the incomplete or in-
accurate pen record can be classified into one of 
the following classes: 
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a) No record. 
b) Doubtful record. 
c) Reconstructed record. 

No record is the res ult of the failure of the recorder 
to mark a normal trace line in one or the other, or 
in both directions, that is, for time (clock stopped) 
or water leve! (intake and well silted, float fouled, 
etc.). When the clock is stopped, the recorder will 
still register the water level, but all fluctuations 
will be recorded on a single vertical line. This 
means, of course, that the range in stage occurring 
during the period of clock stoppage will be record-
ed, but intermediate fluctuations will not be 
shown, nor will the time of occurrence of the ex-
tremes be known. 

From the recorded range in stage and by use of 
supplementary data, most notable the observer's 
gauge readings and comparison with records of 
nearby stations, a fair idea can be developed of the 
time at which the extremes and tluctuations oc-
curred. 

When the recorder marks time correctly but it is 
obvious that the water leve! is not being recorded, 
no range in stage can be obtained. Again, the ob-
server' s notes and comparison with nearby sta-
tions can be used to estimate the missing record. 
Also, the estimates may be supplemented in some 
cases with high water marks at or near the recorder 
si te. 

Occasionall y, because of malfunctions of the re-
corder, the pen trace will not agree with the ob-
server' s notes or with high water marks, or a 
hydrographic comparison with records at nearby 
stations wi 11 reveal a gross difference duringa cer-
tain period. Inspection of the chart trace may or 
may not indicate where a malfunction might have 
begun, or it may be evident that a malfunction has 
occurred and the trace is in error but the magnitude 
of the error can not be defined. If it seems that the 
record is nearly correct but some doubt exists, then 
it is classified as a doub(ful record. If there is 
enough record available, supplemented by other 
data to indicate clearly the correct water level, the 
record is classified as reconstructed. In cases 
where reasonable doubt exists or the record can 
not be reconstructed reasonably well from a frag-
mentary trace, the record is disregarded and treat-
ed as a no record. 

3.3.6 Shift and Bacbvater Corrections 
At some stations a shift in the station control, ora 
backwater condition may occur at certain times 
during the year as a res ult of weed effect, ice con-
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ditions, etc., after which the stage-discharge rela-
tion normally reverts to its earlier curve. During 
such periods, shift or backwater corrections are 
determined from available discharge measure-
ments, these corrections are used to compute daily 
corrections which are applied in the determination 
of the daily discharges. 

However, apart from these measurements 
which plot off the curve for reasons indicated 
above, the majority of the measurements will plot 
somewhat off the curve as a result of normal scat-
ter. For these, no correction is made. 

Following is an example of the computation of 
(a) shift and back water corrections, and (b) the dif-
ference between measured discharge and the indi-
cated discharge by the discharge rating curve: 

a) From a discharge measurement, the mean 
gauge height is 3.62 m and the discharge is 31.5 
m1/s. From the discharge rating curve, the dis-
charge of 31.5 m3/s corresponds to a gauge 
height of 3.43 m, indicating that a shift correc-
tion of -0. l 9 m would have to be applied to the 
mean gauge height for the day to produce re-
sults consistent with the discharge measure-
ment. 

b) From a discharge rneasurement, the mean 
gauge height is 2.81 m and the discharge is 7 .08 
m3/s. From the discharge rating curve, the 
gauge height of 2.81 m corresponds to a dis-
charge of 6.96 m3/s. The difference between 
the measured discharge and that indicated by 
the discharge rating curve is ( (7 .08-6. 96)/ 
6.96) x 100 = 1.7%, which is normal scatter. 

A discharge measurement may plot substantially 
off the stage-discharge curve. If after careful anal-
ysis and review no satisfactory cause of its depar-
ture from the stage-discharge curve can be 
determined, the measurement should not be used 
in the computation. 

3.4 Final Review of Hydrologic Records 
For check and review of stage and discharge data 
which are collected and processed by computer-
ized methods, see Chapter 4 and Chapter l 0 in 
Volume I. 

In the collection and manual processing of hy-
drologic data records, all computations are 
checked for numerical errors, because everyone 
makes mistakes at times. In addition, it is neces-
sary for supervisors or senior technicians to make 
careful extra checks at certain critical points to en-
sure that the work is being done correctly. These 



Processing ofAutographic Recorder Charts 

Check of 
observer 

Check of 
Gauge Datum 

Field Data 
Check-in 

Computation and 
Analysis 

Review of Gauge 
Height Record 

Review of Rating 
Curve 

Check of Shift 
Distribution 

Graphical Check 

Preparation for 
Publication 

Check of 
condition of gauge 

Figure 6. Accuracy check of'hvdro/ogic data.flow. 

checks will make sure that the records are as ac-
curate as possible, they can also eliminate the need 
fora large amount of recomputation and reanaly-
sis in future years. 

Thus, before the final processing of the daily 
mean gauge height and the daily mean discharge 
(see Chapter 4) are carried out, the hydrometric of-
fice personnel will scrutinize all the collected data, 
the measurements and reports for the year, and 
prepare what is called a station analysis. The sta-
tion analysis shows the result of the examination 
and is prepared for each station at the end of the 
water year. 

Some of the checks will indicate where changes 
and improvements in the field procedures and 
field work may be necessary. The critical check 
points are shown in Fig. 6 and are described below. 

3.4. 1 Field Check of Gauging Stations 
As described in Chapter 2, the following points are 
checked by field teams and actions taken are re-
ported to the Regional Office: 

a) Observer's Daily Gauge Book is checked and 
observer instructed as needed. 

b) Gauge datum is checked and gauges reset as 
necessary. 

c) Condition of gauges and installations are in-
spected and emergency repairs carried out. 

d) Station control is inspected and conditions not-
ed, maintenance is carried out. 

e) Recorder setting and notations are checked, 
observer instructed as needed. 

f) Condition of station, maintenance carried out 
and major repairs needed are reported to Re-
gional Office. See Appendix A, Plate 2. 

3.4.2 Check-in of Field Data to Office 
This is a very important function. The technician 
responsible for this operation records a11 field data 
and reports received at the office and he checks all 
routine field work. He examines: 

a) The Observer' s Daily Gauge Record returns to 
see that the observations are complete and 
without bad-looking periods. 

b) The Recorded Data, that is, charts, digital 
tapes, and take-away memories, in order to 
record all river leve! data received, to request 
missing data, and to see that wells and intakes 
are open and that the recording instruments are 
working correctly. 

c) The Discharge Measurement Notes to ensure 
that the measurements have been done correct-
ly and to record all recommended maintenance 
for action. 

d) The Stream Gauging Station Check Survey 
Sheets and the Field Inspection Reports to see 
what actions are needed. 

This technician must see to that all data are cor-
rectly filed after they have been checked in. 

3.4.3 Review of the Processing of Data 
Records 
The processing of gauge-height records requires 
working with all the field data collected during the 
year. Often. mistakes or omissions in field work 
may be found. The person responsible is informed 
of such cases so that he can take steps to remedy 
the situation. There are three special reviews made 
during the computation and analysis of data 
records, which follows below. 
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3.4.3.l Review of Gauge Height Record 
This review is made to be certain that the gauge 
readings are correct, that no changes have oc-
curred in the gauge datum, and that the processing 
of the daily mean gauge heights has been done cor-
rectly: 

a) Gauge height records are scanned for the year 
for unusual long flat periods and for breaks ap-
pearing in stage. 

b) Reports, measurement notes and notations are 
examined to see if there were changes in the 
gauge datum. 

c) Daily mean gauge height computations are ex-
amined on each monthly form to ensure that 
they have been done correctly. 

d) Corrections as necessary are made and the per-
sonnel responsible are notified of any poor 
field or office work that appear. 

3.4.3.2 Review of Rating Curve 
This check is made to ensure that the reasoning 
used in the stage-discharge analysis is correct and 
that the rating curves are correctly drawn. The re-
view is made bya well experienced senior techni-
cian. Correct discharge records will depend 
greatly on the reasoning used in the rating curve 
analysis. 

3.4.3.3 Check of Shift Distribution 
Shifting control adjustment is a special technique 
in analysis required for unstable, sandy or silty riv-
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ers. This technique is difficult and the Shift Dis-
tribution Form should be checked by an 
experienced technician before discharges are 
computed. See Volume 4, Section 2.3.3. 

3.4.4 Check of Discharge Hydrographs 
This is a graphical check of the accuracy of all the 
work done through the computations and process-
ing of discharge records (refer Chapter 4), as it is 
a comparison between daily discharges at differ-
ent stations on the same river or on nearby rivers. 
The comparison is made after the daily discharges 
of two or three stations have been computed and 
plotted on a single daily discharge hydrograph 
sheet. The record is scanned for periods that do not 
compare well between stations. Any poor periods 
are checked for possible errors in gauge height or 
for shifts in the discharge rating that may have oc-
curred between the discharge measurements. 
High-water periods are examined to see that each 
record falls in proper relation with upstream and 
downstream discharges, that is, if the rating curve 
extensions are correct. If no reason can be found 
for an obvious error, the poor period may be esti-
mated rather than corrected. 

If rating curves have not been established, the 
graphical check is carried out by plotting the daily 
mean gauge heights and comparing the gauge 
height hydrographs. 
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CHAPTER4 

PROCESSING OF DISCHARGE RECORDS 

4.1 General 
The basic river parameter which is of greatest in-
terest in hydrology is the daily mean discharge. 
Fora velocity-area station this is computed usally 
from a record of the daily mean gauge hight and 
the stage-discharge relation at the station. For pe-
riods of rapidly changing stage, equivalent stage 
(see below) is used instead of the daily mean 
gauge height. 

4.2 Processing of Discharge Records 
As discussed in Volume 1, there are four common 
methods of recording stage: 

a) By an observer reading usually a staff gauge 
once or several times a day at specified times. 

b) By an autographic recorder, recording on chart. 
c) Bya punching digital logger, recording on pa-

per tape. 
d) By a solid-state logger which records on take-

away memories. The data recorded may also be 
transferred to Regional Office by remote trans-
mission. 

The method of computing the daily mean dis-
charge is in principle the same independent of 
which method the river level has been recorded. 
Gauge height values during the day (24-hrs. peri-
od) are first converted to discharge by use of the 
stage-discharge relation and then the discharges 
are averaged to give the daily mean discharge. 

The reason for the procedure outlined above is 
the curvature of the stage-discharge relation, it is 
not linear but parabolic in shape. 

Thus, unless the river level is reasonable con-
stant, a discharge converted from the daily mean 
gauge height by the stage-discharge relation over 
a period of time with varying gauge height, will 
not equal the daily mean discharge but be system-
atically underestimated. 

In order to obtain an accurate determination of 
the daily mean discharge during rapidly rising and 
falling river levels, it is usually necessary to sub-
divide the day into two or more parts. The mean 

stage for each part is determined, and each of the 
stages is converted to discharge by means of the 
stage-discharge relation. The average of these 
part-discharges will constitute the daily mean dis-
charge. 

The procedure is demonstrated by referring to 
Fig. 7 which represents a stage trace from a gaug-
ing station over a four-day period and to Fig. 8 
which represents the logarithmic form of the 
stage-discharge curve for the station. 

Only when the river level is reasonably con-
stant, can the mean stage for the day be converted 
toa true mean daily discharge, as for day 7 in Fig. 
7. 

It follows from the above reasoning that by re-
converting to stage one will obtain a stage value, 
known as the equivalent stage, which will repre-
sent the daily mean discharge. 

If the daily mean discharge calculated by use of 
the equivalent stage differs from that determined 
by using the daily mean stage by more than a se-
lected allowable limit, say 3 %, then subdivision 
is necessary for all similar flow conditions. A sug-
gested method of determining the necessity for 
subdivision is to use an allowable stage-range ta-
ble. An allowable stage-range table may be pre-
pared by trial and error. The allowable range of 
stage for which the use of a mean gauge height in-
troduces no significant error in discharge, depends 
on the curvature of the stage-discharge relation; 
the more linear the rating is, the larger is the al-
lowable range in stage 

However, it is only when the daily mean dis-
charge is processed manually that an Allowable 
Range Table will save work. When the data 
processing is computerized, the computer is pro-
grammed to compute the daily mean discharge by 
converting selected stage data points to discharge 
and average over the time steps. 

4.2.1 The Procedure 
Thus, in order to obtain an accurate determination 
of the daily mean discharge when the stage is sig-
nificantly changing, the day is subdivided into two 
or more parts. The mean stage for each part is de-
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8 DATE 9 10 

Hour G.H. X Q Ho ur G.H. X Q Ho ur G.H. X Q Hour G.H. X Q 

0-8 0.22 2 9.50 0--4 0.73 1 54.00 0--4 0.57 1 32.50 

8-12 0.31 1 9.50 4-8 0.50 1 24.50 4-8 0.46 1 21.50 

0-24 0.18 1 3.20 12-16 0.56 1 31.00 8-12 0.35 1 12.00 8-12 0.34 1 11.30 

16-20 0.83 1 68.00 12-16 0.27 1 7.20 12-24 0.28 3 23.10 

20-24 0.88 1 77.50 16-20 0.25 1 6.10 

20-24 0.36 1 12.70 

I: 3.20 I:195.50 - I:l 16.50 L 88.40 -
Q = 3.20/1 = 3.20 Q = 195.5/6 = 32.58 - -Q = 116.50/6 = 19.42 Q = 88.40/6 = 14.73 

Figurc 7. T1pica/ recorder clwrt-trace of stage and computation of daily mean discharge when stage varies sil{nificantly during the day. 

10 

Discharge, m3/s 

Fil{ure 8. Di.1·chmxe rating curvef(Jr stage trace in Fig. 7 on logarithmicform. 
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Proe ess ing of Discharge Records 

termined and converted to discharge by means of 
the stage-discharge equation. If the stages are re-
corded at equal time intervals during the day by 
digital punching or solid-state logger, or obtained 
by digitized recorder charts (Section 3. I), the dai-
ly mean discharge will be the average of these 
part-discharges. Are the stages recorded at une-
qual time intervals (nonrecording stations or 
thresh-hold values) the daily mean discharge is 
taken as the average of the time-weighted means 
of the part-discharges. 

4.2.1.1 Nonrecording Stations 
Usually, the manual gauge at nonrecording sta-
tions is read three timesa day, at 0700 hrs., at 1200 
hrs. and at 1800 hrs. When the flow is fairly 
steady, a fair to good estimate of the daily mean 
discharge can be obtained by converting these 
three readings to discharges and averaging them. 

However, during periods of rapidly changing 
stage, a simple averaging of two or three readings 
a day will gi ve an erroneous daily mean discharge 
because a peak flow could have occurred between 
the readings. During such periods, the observer's 
readings are plotted on a length of recorder-chart 
paper, and guided by the timing of flow peaks 
from nearby recording stations, a trace can be in-
terpolated between the readings that will give a 
fair estimate of additional stage values that can be 
used to improve the result. 

4.2.1.2 Autographic Recorder Stations 

Manual Method 
Stage values over each day are read off at pre-
scribed intervals of time, say, hourly, two-hourly 
or three-hourly depending on the steepness of the 
rise and recession of the hydrograph pen trace. 
Each stage value is then converted to discharge 
and the discharges averaged in order to obtain the 
daily mean discharge. 

Chart Digitizer 
However, the chart is more conveniently proc-
essed automatically by using a chart digitizer 
(Section 3.2). 

Usually, the autographic charts are digitized au-
tomatically at equally spaced points and the equiv-
alent stage computed and stored in database. 

Where, on command, the equivalent stage values 
are converted to daily mean discharges by use of 
the stage-discharge equation and printed out or 
stored on extemal media. 

4.2.1.3 Digital Tape-Punch Recorder Stations 
Digital recordings of stage on paper tape by 
punching recorders are usually punched at inter-
vals of 15 minutes. The tape is converted to com-
puter-compatible form and fed to a computer 
which is programmed to take each 15-min value 
of stage and convert it to a discharge from the 
stage-discharge equation. The resulting 96 dis-
charge values for the day are then averaged to gi ve 
the daily mean discharge. [5]. 

4.2.1.4 Solid-State Memory Logger Stations 
These loggers can be programmed to provide con-
stant time-interval data, variable time-interval da-
ta, instantaneous values, and mean values for 
selected time intervals. 

In addition, the logger can be programmed to 
carry out processing such as stage-discharge con-
versions and daily mean discharge summaries, 
and also to telemeter this information to a host 
computer at the Regional Office. 

4.2.2 Computation of Daily Mean 
Discharge-Summary 

The computations are performed by electronic 
computer in the following order: 

a) By means of subdivision over time intervals and 
use of the stage-discharge equation, an equiv-
alent stage record is computed which repre-
sents the daily mean discharge record at the 
station. Refer Section 4.2. 

b) The equivalent stage record is converted into a 
daily discharge record. 

c) Peak values of stage and discharge for each 
month and for the year are determined. 

d) Mean discharge for each month and for the year 
are determined. 

e) The computed daily discharge records are re-
viewed and compared with those of nearby 
gauging stations. 
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4.3 Records Stored in Database 

4.3.1 Stage 
There are three different versions of river level 
records that are stored, namely: 

a) Raw gauge height records as observed by the 
local observer, or recorded by autographic re-
corders or sensor-interfaced loggers. 

b) Daily mean gauge height records, which are 
processed from the raw data in item a). 

c) Equivalent stage records which represent the 
daily mean discharge. This is a modified ver-
sion of item b): daily mean gauge heights that 
are not equal to their corresponding equivalent 
stage, due to periods of significantly change in 
river levels, are replaced by the latter which 
then are flagged. 

Which of these three versions that are stored at the 
database depends on the intended use of the data 
records. 
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If the purpose of the data collection is to obtain 
the discharge only at the hydrometric station, then 
item a) and item c) are stored. 

If the stage data only are of interest, e.g. in flood 
plains, then item a) and item b) are stored. 

4.3.2 Discharge 
For discharge stations the daily mean discharge is 
not stored, but computed and printed out or trans-
ferred to and stored on external media each time 
it is required by users. 
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HYDROMETRIC FORMS 

35 



DAILY GAUGE RECORD 

Readings of .......................................... ".River Gauging Station No. """"""""" """" """". 

at ............ " .................................. for month of ... " ...... "."."." " .. 19 ........... " By "" .............................. "" .... . 

Gauge Reading 
Date Rainfall Remarks 

Hrs""........... Hrs............... Hrs .......... " .. . 

1 16 
2 17 

3 18 
4 19 
5 20 
6 21 
7 22 
8 23 
9 24 

10 25 
11 26 
12 27 
13 28 
14 29 
15 30 

31 

This form must be dispatched fortnightly, deleting inappropriate date column 

PLATE 1 J 
Daily Gauge Record 
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FIELD INSPECTION REPORT FOR STREAM GAUGING STATION 

1 . Station Nome ......................................................... . 

Station No. . .......................................................... . 

Date ............................................................. · · · · 

Hrs. . ................................................................ . 

At which time the Gauge Reading was 

2. The observer was (not) present. His book was (not) examined and (not) found correct. 
All recordings have (not) been collected. 

3. All Staff Gauges, range ................................................. . 

were firmly supported, except range ....................................... . 

A check survey has (not) been carried out .................................. . 

4. The W. L. Recorder/Logger, Type ......................................... . 
has (not) been checked. It was (not) matching the Gauge Reading. The used 
charts/data in storage were (not) collected. Remarks: 

a) Silting problem 

b) Recorder/Logger 

5. The Control was (not) clear. Remarks ...................................... . 

6. The S.B.M. and A.B.M. have been checked. Remarks ........................ . 

7. The Gauging Section was (not) clear. Remarks .............................. . 

8. Gauging Facilities installed: 

For Low Stage by . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

For Medium Stage by ................................................... . 

For High Stage by ...................................................... . 

Remarks: ............................................................. . 

PLATE 2a I 

Field In.1pection Report for Stream Gauging Stat ion 
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9. C.M. Measurements have been carried out yielding the following results: 

No. Time G.H. M.G.H Q A MV Dev. Date G.H. 

(l) (2) (3) (4) (5) (6) (7) (8) (9) (10) (l l) 

l s 
F 

2 s 
F 

Column No. (2) - S: Measurement started, F: Measurement finished. 

10. The C.M. Measurements have been plotted on current Calibration Curve and more 

measurements are required in the following ranges ........................... . 

11 . The following Particulars have been carried out .............................. . 

12. Remarks ............................................................. . 

13. Recommendations ..................................................... . 

Team Leader 

PLATE 2b 
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STREAM GAUGING STATION CHECK SURVEY SHEET 

RIVER ......................... AT .......................... NO .............................. . 

BENCH MARK ............................................... DATUM .......................... . 

REDUCED LEVEL OF BENCH MARK ............................................................. . 

LAST SURVEY MADE ...................................................... 19 ................. . 

LASTSURVEY NEWSURVEY DIFFERENCE 
R.L. R.L. 

0 OF 0 TO 1 METRE GAUGE 

1 OF 1 TO 2 METRE GAUGE 

2 OF 2 TO 3 METRE GAUGE 

3 OF 3 TO 4 METRE GAUGE 

4 OF 4 TO 5 METRE GAUGE 

5 OF 5 TO 6 METRE GAUGE 

6 OF 6 TO 7 METRE GAUGE 

NEW CHECK SURVEY MADE BY .......................... DATE .............. 19 ................ . 

CHECK BY ............................................ DATE .............. 19 ................ . 

B.S. l.S. F.S. RISE FALL R.L. REMARKS 

[ PLATE 3 

Stream Gauging Station Check Survey Sheet 
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DATUM CORRECTION DISTRIBUTION SHEET 

STATION NAME ........................................... STATION NO ....................... . 

TYPE OF GAUGE .......................................... YEAR 19 . . . . . . . . . ................ . 
---------

Correction: 

Day Jan Feb Mar Apr May June July Aug Sep Oct Nov Dec 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

Correction: 

Remarks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Computed by ............... Date ................ . 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Checked by ................ Date ................ . 

PLATE 4 _J 
Datum Correcrion Distribution Sheet 
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Appendix B 

OBSERVER'S INSTRUCTION FOR REPLACING CHART ON 
A. OTT TYPE X WATER LEVEL RECORDER 

1 Removal of used chart 
1.1 Read water level on outside reference 

gauge. Check that inside water level in still-
ing well reads the same as water level on 
outside reference gauge. 

1.2 Make an inspection mark on chart by hold-
ing float line between two fingers, raising 
float 4-5 cm and then releasing it. The pen 
(pencil) has now made a short vertical line 
on the chart. This line indicates at which in-
strument time the recorder is being inspect-
ed. 

1.3 Lift drum from its bearings and remove 
used chart. 

1.4 Write the following information in upper 
right corner of chart: 
a) Date. 
b) Time of day. 
c) Water le vel readings on outside reference 

gauge and in stilling well. 

2 Setting of new chart 
2.1 Read water level on reference gauge and in 

stilling well. 
2.2 Write the following information in upper 

left corner of new chart: 
a) Name of river. 
b) Name of station. 
c) Date. 
d) Time of day. 
e) Water level readings on outside refer-

ence gauge and in stilling well. 
2.3 Mark gauge heights corresponding to the 

outside staff gauge along left edge of chart 
as follows (for gauge scale I: 10): 

If reading on staff gauge is between 0.00 
and 2.50 m, mark left edge on chart 0.00, 
0.50, 1.00, 1.50, 2.00, 2.50. 

If reading on staff gauge is between 2.50 
and 5.00 m, mark left edge on chart 2.50, 
3.00, 3.50, 4.00, 4.50, 5.00. 

If reading on staff gauge is between 5.00 
and 7.50 m, mark left edge on chart 5.00, 
5.50, 6.00, 6.50, 7.00, 7.50. 

2.4 Mark chart with a eireled point which cor-
responds to correct water level read on staff 
gauge and correct time of day. 

2.5 Now, attach chart to drum remembering 
that left edge of chart shall touch left rim of 
drum. 

2.6 Wind watch, but not too hard. 
2. 7 Pill up ink well as required. If the recorder 

has a pencil, sharpen it if necessary, best 
hardness is F or H. 

2.8 Replace drum in its bearings. 
2.9 Set pen to show correct time and water level 

as follows. Setting time: turn drum until pen 
points at correct time-line on chart. 

Setting water level: turn knurled knob 
positioned on outer side of float line pulley, 
until pen is in position of the point marked 
on the chart (paragraph 2.4). 

N ow, check once more that the pen is in 
the correct position regarding both time and 
gauge height. 

2.10 Finally, check that the pen is moving in the 
correct direction. The rule is: With rising 
water leve!, the pen should move from left 
to right. 

To check: raise float by pulling float line. 
If the pen moves from left to right, the re-
corder is correctly set. If the pen does not 
move to right but to left, then move the pen-
holder all the way through inversion loop 
on spindle and back to its former correct po-
sition. This operation is accomplished by 
turning knurled knob positioned on outer 
side of float pulley. 

2.11 Job is finished. Close cover of instrument. 
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Appendix C 

OBSERVER'S INSTRUCTIONS FOR REPLACING CHART 
ON STEVENS TYPE A MODEL 71 WATER LEVEL RECORDER 

1 Removal of used chart 
1.1 Read water level on outside reference 

gauge. Check that inside water level in still-
ing well reads the same as water level on 
outside reference gauge. 

1.2 Make an inspection mark on chart by hold-
ing float line between two fingers, raising 
float 4-5 cm and then releasing it. The pen 
(pencil) has now made a short vertical line 
on the chart. This line indicates at which in-
strument time the recorder is being inspect-
ed. 

1.3 Write following information on chart: 
a) Date. 
b) Time of day. 
c) Water level readings on outside refer-

ence gauge and in stilling well. 
1.4 Pull knurled disc, positioned on right side of 

instrument Gust beneath knurled knob of 
supply cylinder), to the right and rotate it to 
disengage chart drive friction rollers. (Ro-
tation in one direction - against you - lowers 
the rollers slightly to facilitate chart adjust-
ment. Rotation in the other direction - from 
you - lowers the rollers further for installa-
tion of new chart). 

1.5 Run chart forward by turning knurled 
flange of take-up cylinder until graphic 
record is just beyond back edge of writing 
plate. Using edge of writing plate as guide, 
cut chart with a knife. Lift take-up cylinder 
out of its bearings, pull it out of the chart and 
then pull or shake chart damp out of chart. 
Replace take-up cylinder in its bearings. 

2 Setting of new chart 
2.1 Remove writing plate, remove supply cyl-

inder from recorder and remove large 
knurled washer nut from supply cylinder. 
Remove old chart core. 

Observe that the core of the new chart is 
flush with one end and protrudes from the 
other end. Slip new chart on to supply cyl-
inder with flush end towards flange. Tight-

en knurled washer firmly. Replace supply 
cylinder in its bearings, flange to the left. 

2.2 Check that knurled disc at right side of in-
strument is holding friction rollers in lowest 
position. 

2.3 Crease chart paper about 2 cm from the end 
so that paper stands out radially from sup-
ply roll. Thread creased edge down between 
chart drive cylinder and friction rollers. Re-
place writing plate and pull chart up around 
and over drive cylinder and writing plate. 

2.4 Pull chart until it is 2-3 cm beyond take-up 
cylinder and its left edge is against and 
square with knurled flange of take-up cyl-
inder. Install chart damp. Hold knurled 
knob of supply cylinder and rotate knurled 
flange of take-up cylinder away from you. 
While keeping chart paper taut by lightly 
restraining supply cylinder shaft, rotate 
take-up cylinder until it has at least three 
full turns on the cylinder. 

2.5 Write the following information on chart: 
a) Name of river. 
b) N ame of station. 
c) Date and year. 
d) Time of day. 
e) Water level on outside reference gauge 

and inside stilling well. 
2.6 Wind dock as follows: 

Screw crank handle counterdockwise into 
end of winding shaft. Push winding shaft in 
until gears engage and wind until stop sign 
appears on spring-reel nearest to you. Re-
place crank handle in its holder. 

2.7 Start pen in lower half of chart paper, re-
membering that the dose-spaced heavy 
lines represent intervals of I 0 cm on the out-
side staff gauge (for gauge scale 1: 10). Pro-
ceed as shown in example below. 

Example: We read water level 2.23 mon 
outside staff gauge. The time is 08.00 hrs. 
Now, choose an arbitrary line on the chart 
to represent 2.20 m on outside staff gauge. 
This 2.20 m line should be so placed as to 
minimise the number of reversals of the pen 
at the margins of the chart paper. In our ex-
ample, we select line number 12 from the 

47 



bottom of the chart paper to represent a 
gauge height of 2.20 m. Mark the point 
showing water level 2.23 m and time 08.00 
hrs. on the chart and circle this point. 

Note: Before proceeding as described 
above, make sure that the communication 
between river and stilling well (stilling 
pipe) is in order. If inside water level does 
not read the same as outside water level, the 
stilling well and intakes are probably 
blocked by mud and silt and must be 
cleaned. 

2.8 Place pen on eireled point. This is done as 
follows. 

48 

a) Setting time: With pen raised from chart, 
turn knurled knob of supply cylinder 
away from you until pen points at correct 
time-line on chart. Return friction roll-
ers to their drive position by pushing 
knurled disc to the left. 

b) Setting water level: With the two 
knurled screws on float pulley clamp 
loosened and pen still raised from chart, 
move pen carriage by turning float pul-
ley clamp until pen is positioned oppo-
site eireled point previously made. 

Lower pen to chart exactly on eireled 
point. Tighten the clamp screws. 

2.9 Check that pen moves in correct direction. 
The rule is: With rising water level, the pen 
should move from left to right. To check: 
raise float by pulling float line. If pen moves 
to the right, the recorder is correctly set. If 
pen does not move to right but to left, then 
loosen the two knurled clamp screws on 
float pulley and move pen carriage towards 
either margin of chart all the way through 
the reversal and back to its former correct 
position. Tighten the two clamp screws. 

2.10 Job is done. Close cover of instrument. 



Appendix D 

ASSEMBLY AND OPERATING OPERATIONS FOR 
A. OTT TYPE X WATER LEVEL RECORDER 

1. Drum for recorder chart. 
2. Gear wheels for drum rotation . 
3. Type «A» clock for 24 , 32 hours, 18, 16, 32 days drum rotation . 
4. Reversing spindle . 
5. Float pulley. 
6. Driver with ink recording attachment. 
7. Threaded sleeve. 
8. Shank screw for lock nut. 
9. Counter weight. 

10. Weight bar with recording lever. 

Note : Picture 21088 shows the ink recording device detached and a pencil lead attached. 
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Assembly and Operating 
Instructions 

HBe 20.100.03 

Type X OTT Water Level Recorder 
(20.100 and 20.150) 

50 

To set up and operate the gauge, proceed as follows: 

Since the instrument is shipped with its clockwork 
mechanism and drum removed, first attach these components. 

Inserting the clockwork mechanism: 

Fig. 1 Fig. 2 

1. Insert the clock and lower it into position, with the 
retaining lug 1 swung out (Fig. 1) 

2. Swing the lug 1 into position and tighten the screw 2 
(Fig. 2). To remove the clock, proceed in the reverse 
order. 

Winding and regulating the clock: 
Type "A" clock operates 32 days, 
type "B" clock operates 28 hours, 
It is advisable to wind the clock 
whenever the chart paper is exchanged, 
regardless of the frequency with which 
this is done. 
Wind the clock in the direction of the 
arrow, holding the drum fast with your 
hand. When setting the drum for faster 
rotation, do not hold it fast, but let 
it turn freelY:-
Should the clock be fast or slow, 
correct it at 3: 
- = slower 
+ = faster 



Attaching the chart paper 

Chart paper with time overrun: The chart paper is held in 
place by a strip of metal 4. To fit the paper, press 
the retaining strip in the direction of the arrow and see 
that the left-hand edge of the paper touches the rim of 
the drum. Then press the retaining strip down again and 
push it back until it snaps into its original position. 

4 

Chart paper without time overrun: 
If the drum rotates several times during one period of 
recording, the retaining strip 4 must be removtd to 
avoid its obstructing the stylus, and charts have to be 
used which have a gummed edge 8. Remove the retaining 
strip by loosening the two screws 5. The two pins 6 
are provided to hold the paper in place and, after 
loosening the screws 7, should be pushed out until 
they protrude about 2 mm. Then retighten the screws. 

10 

-2-
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Attach the chart with gummed edge 8 as shown in the illustra-
tion. The longitudinal groove 9 serves to guide a knife or 
razor blade during removal of the chart. The beginning of 
the graduation 10 should be aligned with the center of the 
groove 9. 

Installing or removing the drum: 

Slip the drum onto the journal 11 on the left and insert it 
into the opening of the support (arrow) on the right. For 
removal, proceed in the reverse order. 

-3-



Mounting the float pulley and the guide 

pulley: 

See illustration! 

Positioning the float cable 
Position the float cable as shown 
in the illustration. The following 
rule applies: with rising water 
level the tracing head should move 
from left to right. If necessåry, 
move the tracing head all the way 
through the inversion loop on the 
spindle. 

Length of cable: 
Distance between gauge and the 
lowest lowwater level +0.5 m. 

-4-
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Adjusting the tracing head 

Remove the cardboard strip 12. Turn the float pulley and check 
whether the guide shuttle in the driver 13 properly engages 
the cross slot. 

Depending on the printing register of the chart paper, the 
left-hand graduation line may not coincide accurately with 
the reversal point of the reversing spindle. In this case, 
a fine adjustment of the tracing head is required, which 
must, however, not disturb the constant adjustment of the 
float in relation to the tracing head. 

Fine adjustment: 
Loosen the lock nut 14 with the aid of the threaded pin 15. 
Rotation of the threaded bush 16 clockwise or counterclock-
wise will slightly shift the tracing head 17 to the left or 
right. After adjustment, retighten the lock nut 14 while 
holding the bush 16. 

14 

Mounting the recording stylus: 

a) Pencil or silver stylus: 

The stylus is automatically lifted from 
the drum as the hood is opened. Adjust 
the pencil or silver stylus so that the 
p6int is about 2 mm away from the paper 
when the hood is open. If necessary, 
sharpen the pencil. As the hood is closed, 
the stylus is automatically brought into 
contact with the drum with the proper 
pressure for recording. 

Note: For recording with a silver stylus, 
use only barite paper. 

2mm 

-5-



b) Ink recording: 

Introduce the capillary glass pen 18 into the ink-well 
and remove the protective tube. As the well is filled 
with ink, this will automatically rise right up to the 
point of the pen due to the capillary effect. Should 
this fail to occur, the ink may be sucked into the 
capillary with the aid of the pipette 19 supplied 
(press and release). 

18 

~~nci~,~~~c::=:::::~--1[] 
19 

Note: For ink recording remove the weight 20 and slip it onto 
the pin 21 for further use. 

21 
Setting the tracing head: 
a) Time: 

Turn the drum in the direction of the arrow until the 
stylus points at the proper time line on the chart 
(horizontal line) 

b) Water level~ 
Turn the knurled wheel 22 clockwise or counterclockwise 
until the stylus is properly set for the existing water 
level. Hold the float pulley fast during the adjustment 
(friction clutch). 

22 

-6-
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Maintaining a dry atmosphere in the instrument with the 
aid of silica gel: 

Silica gel, which is treated with a color indicator, has 
the property of withdrawing moisture from the ambient at-
mosphere and is therefore used to keep the air enclosed 
in an instrument dry (i.e. to eliminate condensation). 

The instruments are supplied with s~ica gel cartridges 
which should be kept in the holders provided for the pur-
pose. 

The interchangeable cartridge is contained in an airtight 
can. 

Due to its color indicator, silica gel appears blue when 
it is dry and red when saturated with water. 

Red silica gel has lost its drying property and must be 
replaced by the blue desiccant. 

Ineffectige silica gel (red) can be renewed by drying at 
120 - 130 C. This is done in the cartridge. The drying 
process is completed as soon as the silica gel has resumed 
its dark blue color. 

After cooling, the silica gel must irnmediately be put away 
in a hermetically sealed can (if necessary, sea! with in-
sulating or Scotch tape) until it is required for use. 

The desiccant cartridge should be exchanged every time 
a new roll of chart paper is inserted. 

-7-



Regular servicing of the gauge: 

It is advisable to clean the instrument from time to time. 
Above all, clean the grooves of the lead spindle and the 
transmission gears with the aid of a brush or similar tool. 
Do not oil any part of the instrument! 

The clockwork mechanism has been lubricated at the fac5ory 
with a special oil for use at temperatures down to -30 C. 
This should be duly taken into consideration in the case 
of overhaul. 

Changing the recording period 

To change the recording period, either the two gears 23 
and 24 or the clockwork mechanism 25, or the clockwork 
mechanism and the two gears have to be exchanged. 

To change the gear 23, first unscrew the lock nut 26 and 
loosen lock screw 27. When the new gear has been slipped in 
place, tighten the lock nut 26 only just enough to allow 
smooth motion of the drum in relation to the gear 23 (friction 
clutch), or the elockwork mechanism will be damaged. Then 
retighten the lock screw 27. The gear 24 can be removed 
after loosening the screw 28. 

25 

-8-
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Changing the reduction ratio: 

The reduction ratio can be varied by exchanging the float 
pulley. ~roceed as indicated in the illustration. 

Reversal indicator or base pen (optional accessories) 

The illustration shows a recording in which the peaks 
would fall beyond the left or right-hand edge of the paper. 
On account of the reversing spindle, these peaks appear 
"folded back" on the chart. The trace of the base pen 29 
allows the peaks to be recognized without difficulty. 

Rising water: trace about 3 mm from edge of graduation. 
Falling water: trace about 6 mm from edge of graduation. 

-i 1 ~mm 
3mm - - -,-:--- • jlilL. >-- -

-___ I "" 
) ~ -· ,..__ 

~ 

- 1 • "_ ·-

29 

~ D ----~ 
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General rules for setting up water-level recorders: 

The float should not be immersed directly in flowing or 
turbulent water, but accommodated in a tube or well al-
lowing observation of fluctuations of water level with-
out the disturbing effect of waves. 

To ensure satisfactory attenuation, the cross section of 
the entrance to the float tube or well should not exceed 
1/200th of the cross section of the tube or well. The 
float is best protected from freezing up by pouring machine 
or crude oil into the well. The depth of the oil layer 
should be identical to the immersion depth of the float. 
Pouring oil on the water in the well will also prevent 
vapors from rising into the shelter. 

7.70 Ma 

-10-
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Appendix E 

ASSEMBLY AND OPERATING INSTRUCTIONS FOR 
STEVENS TYPE A MODEL 71 WATER LEVEL RECORDER 

TYPE A 
RECORDER 

Model 71 

Publication 34225 
Revision A 
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Safety and Equipment Protection 
WARNINGI 

ELECTRICAL POWER CAN RESULT IN PEASONNEL 
INJURY/DEATH OR CAN CAUSE OAMAGE TO EOUIP-
MENT. 

It the instrument Is driven by an extemal power souroe, 
disoonnect the Instrument from lts power souroe bef0<e 
attempting MY repalrs. 

WARNINGI 

BA TTERlES ARE DANGEROUS. IF HANDL.ED IMPROP-
ERL Y, THEY CAN RESULT IN PERSONNEL INJURY/ 
DEATH OR CAN CAUSE DAMAGE TO EOUIPMENT. 

Batteries can be hazardous when misused, mishMdled, 
0< disposed of lmproper1y. They may explode or emit 
poisonous substanoes. Batteries contain potential en-
ergy, even when partially discharged. 

WARNINGI 

ELECTRICAL SHOCK CAN AESULT IN PEASONNEL IN--
JURY OR DEA TH. 

Use extreme caution when handling cables, connectors, 
or terminals; they may yield hazardous currents if 
inadvertently brought into contact with conductive 
materials, inciuding water and the human body. 

CAUTION! 

Be aware of protective measures against environmen-
tally caused electr~rrent surges. Read the Leupold 
& Stavens Engineering Applications Note, Sucae Pro-
tectjoo of Electronjc Circui1s, part number 42147. 

In addition to the previous warnings and cautions, the fol-
lowing safety activities should be carefully observed. 

Cb.J.ld.rnn Adolescents 

NEVER give batteries to young people who may not be aware 
of the hazards associated with batteries and their improper 
use or disposal. 

Jøwølcy Watchøs Møta! Tøo11 

To avoid sevora bums, NEVER wear rings, neddaoes, matal 
watch ba.nds, braoelets, or metaJ identification tags near ax-
posed battary terminals . 

Heat Ara 

NEVER dispose of batteries In fire or locata them In exoes-
aively heated spaoes. Observe the temperatura limit listed In 
the Instrument speciftcations. 

Cbømlng 

NEVER charge "dry" oells or lithium batteries thai are not 
designed to be charged. 

NEVER charge rechargeable batteries at currents higher th811 
recommended ratings. 

NEVER recharge a frozen battery. Thaw it completely at 
room temperature before connecting charger. 

lloyøotød Cootalnør 

NEVER store or charge batteries in a gas-light container. 
Ooing so may lead to pressure bu ild up and explosive conoen-
trations of hydrogen. 

Short Clrcults 

NEVER short circuit batteries. High e<ment flow may cause 
internal battery heating and/or explosion. 

Damaoed Battedes 

Personnel injury may result from contact with hazardous 
materials from a damaged or open battery. NEVER attempt 
to open a battery encfosure. Wear appropriate protective 
cfothing, and handle damaged batteries carefully. 

DlsposaJ 

ALWAYS dispose of batteries in a responsible manner. Ob-
serve all applicable føderal, state, and local regulations for 
disposal of the specific type of battery involved. 

NOTICE 

Leupold & Slevens, Inc., makes NO cfaims as to the immunity of its equipment against lightning strikes, either direct or nearby. 

The following statement is required by the FederaJ Communications Commission. 

WARNING - This equipment generates, uses, 8/ld can radiale radio frequency anergy and, if not installed in accordance with the 
instructions manual, may cause interferenoe to radio communications. It has been tested Md found to comply with the limits f0< a 
aass A computing devioe pursuant to Subpart J of Part 15 of FCC Rules, which are designed to provide reasonable protection against 
such interferenoe when operated in a commercial environment. Operation of Ibis equipment in a residential area Is likely to cause 
interferenoe in which case the user at his own expense will be required to take whatever measures may be required to correct the 
interference. 

USER INFORMATION 

Loupold & Slevens. Inc., makes no warranty as to the information furnished in !hese instructions and the reader assumes all risl< in 
the use thoreof. No liability is assumod lo< damagos resulting from the use of these instructions. We reserve the right to make 
chango s to products and/or publication s without prior notice . 
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1 lntroduction 

Lu 
-~-~ 
~'-'_) 

Figure 1. Stevens Type A Recorder with Quartz Timer 

1 .1 General Description 

The Stevens Type A is a float-operated 
recorder that provides a permanent, 
continuous, long-term graphic record of 
water levef fluctuations. A precision 
cfock movement controls the rate at 
which the strip chart is advanced. The 
rise and fall of the float maves a marking 
stylus faterally across the chart. The 
stylus or pen will reverse at each margin 
so that any range of water fevei stage 
change can be accommodated. 

The water fevei recording ratio, called 
"gage scale", is also selectabfe. One 
traverse across the chart width can 
represent anywhere from .25 meters to 
12.5 meters of water fevei change for 
metric modefs, and 1 foot to 50 feet for 
Engfish mode Is (reference Tab le 5 & 6) . 

Chart drive is normally accomplished 
by use of one of several drive methods: 
a battery-operated Quartz Multispeed 
Timer unit, using an electronic control 
circuit, or; a Chelsea Clock mechanical 
drive with a negator spring or; A Chelsea 
clock with weight drive. An optional AC 
synchronous motor drive is also 
available. A wide range of chart speeds, 
called "time sea les", may be selected 
(reference Table 1, 2 & 4). 

1.2 Safety Information 

Befare performing any procedure in this 
manual, read all applicable warnings and 
cautions. 
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1 lntroduction 
1 .3 Basic Instrument through 13 for discussion of float 
Specifications system accuracy. 

Chart Drive (options) 
. Ouartz Multispeed Timer (QMT) 
. 4 1 /2 or 6 month spring-driven clock 
. Weight-driven clock 
. AC Synchronous Motor Drive 

11 0 V 60 Hz or 220 V 50 Hz 

Time Scale 
. Refer to Tables 1, 2 & 4 

Gage Scale 
. Refer to Tables 5 and 6 

Float Pulley 
. 375 mm or 18 in. circumference for 

beaded float line or perforated tape 
. Optional 750 mm or 36 in. 

circumference pulley ring for beaded 
float line or perforated float tape 

Operating Temperature 
. OMT clock drive (alkaline batteries) 

0 to + 40 degrees Celcius 
( + 32 to t 104 degrees Fahrenheit) 

. OMT clock drive (lead-acid battery) 
-30 to + 50 degrees Celcius 
{-2~ to + 122 degrees Fahrenheit) 

. Spring, weight or AC clock drive 
-40 to + 71 degrees Celcius 
(-40 to + 160 degrees Fahrenheit) 

Shipping Weight 
. 20.5 Kg (45 pounds) 

Float line/Tape 
. Stainless steel cable, 1 25mm or 6 in. 

bead spacing 
. Stainless steet tape, 125mm or 6 in. 

perforation spacing 

Recommended Float Size (Diameter) 
203 mm (8 in), 254 mm (10 in) 
(see paragraph 6. 1 and Tables 8 
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Instrument Size (HxWxD, Cover open) 
42 x 64 x 44 cm 
(16.5 X 25.1X17 in) 

Chart 
. A-25 (Metric) 
. A-10 (English) 

Accessories (optional) 
. Reversal lndicator 
. Auxiliary Pencil 
. Time Marker 
. Guide Pulley for float line or tape 
. Stevens Pulse Generator (Bulletin 54) 
. Stevens Type A/F Logger (Bulletin 76) 

Table I Time Sea/es, Ouartz 
Multispeed Timer (switch selectable) 

Scale Major Min or Chart 
cm/day Division Division Lite 
(in/day) 3.0 cm .25 cm 

(1.2 in.) (.1 in.) 

1.5 48 hrs. 4 hrs. 4 yrs. 
(0.61 

3.0 24 hrs. 2 hrs. 2 yrs. 
(1.21 

6.1 12 hrs. 1 hr. 1 yr. 
(2.4) 

12.2 6 hrs. 30 min. 6 
(4.8) mos. 

24.4 3 hrs. 15 min. 3 
(9.61 mos . 

48.8 1.5 hrs. 7.5 1.5 
(19.2) min . mos. 

97.5 45 min. 3.75 22.5 
(38.4) min. days 



1 lntroduction 

Ta ble li Time Sea/es, Weight and Spring Driven C/oeks ( * weight drive on/y} 

Sea le Major Division Minor Division Chart Gear Teeth 
cm/day 3.0 cm .25 cm Lite A B c D 
(in/day) (1.2 in.) (. 1 in.) 

3.0 (1.2) 24 hrs. 2 hrs. 2 yrs. 89 17 29 85 

6.1 (2.4) 12 hrs. 1 hr. 1 yr. 89 17 45 66 

12.2 (4.8) 6 hrs. 30 min. 6 mos. 65149066 

18.3 (7.2)* 4 hrs. 20 min. 4 mos. 63 15 92 45 

24.4 (9.6) * 3 hrs. 15 min. 3 mos. 63 15 120 44 

Table 111 Sheave and Weight Combinations for various time sea/es 

Distance weight drops in cm/month (in/month) 

# of 3.0 6.1 12.2 18.3 24.4 Weight 

Sheaves cm/day cm/day cm/day cm/day cm/day Kgs. (lbs) 
(1.2 (2.4 (4.8 (7.2 (9.6 

in/day) in/day) in/day) in/day) in/day) 

0 128 128 144.3 159.5 159.5 5.45 
(50.4) (50.4) (56.8) (62.8) (62.8) (12) 

1 64 64 72.2 79.8 79.8 11.36 
(25.2) (25.2) (28.4) (31.4) (31.4) (25) 

2 42.7 42.7 48.1 53.2 53.2 17.27 
(16.8) (16.8) (18.9) (20.9) (20.9) (38) 

3 32 32 36.1 39.9 39.9 23.64 
(12.6) (12.6) (14.2) (15. 7) (15. 7) (52) 

3 
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1 lntroduction 
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Figure 2. Negator Spring or Weight Drive 

Figure 3. Sheave & Weight Combinations 
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Fig ure 4. A C Synchronous Drive 
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1 lntroduction 

Ta ble IV Time Sea/es, A C Synchronous Motor Clock 

Scale cm/day Major Min or Chart Gear AC Clock 
(in/day) Division Division Lite Teeth Speed 

3 cm .25 cm c D 
(1.2 in.) (. 1 in.) 

3.0 (1.2) 24 hrs. 2 hrs. 2 yrs. 13 130 1 /8 r/hr 

6.1 (2.4) 12 hrs. 1 hr. 1 yr. 24 120 1 /8 r/hr 

12.2 (4.8) 6 hrs. 30 min. 6 mos. 40 100 1 /8 r/hr 

18.3 (7.2) 4 hrs. 20 min. 4 mos. 54 90 1 /8 r/hr 

24.4 (9.6) 3 hrs. 15 min. 3 mos. 64 80 1 /8 r/hr 

24.4 (9.6) 3 hrs. 15 min. 3 mos. 13 130 1 r/hr 

36.6 (14.4) 2 hrs. 10 min. 2 mos. 78 65 1 /8 r/hr 

36.6 (14.4) 2 hrs. 10 min. 2 mos. 18 120 1 r/hr 

73.2 (28.8) 1 hr. 5 min. 1 mo. 33 110 1 r/hr 

146.3 (57.6) 30 min. 2.5 min. 15 da. 54 90 1 r/hr 

365.8 (144) 12 min. 1 min. 150 hr 84 56 1 r/hr 

365.8 (144) 12 min. 1 min. 150 hr 21 84 6 r/hr 

731 .5 (288) 6 min. 30 sec. 75 hr 35 70 6 r/hr 

1097 (432) 4 min. 20 sec. 50 hr 45 60 6 r/hr 

2195 (864) 2 min. 10 sec. 25 hr 63 42 6 r/hr 

5 
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1 lntroduction 

Table V Gage Scale, Metric 

METRIC WATER LEVEL PEN CHG. VALUE OF FLOAT 
GAGE CHANGE,ONE PER METER MINOR PULLEY 
SCALE TRAVERSE OF OF WATER DIVISION SIZE 

CHART 

1 : 1 .25 m 100 cm .2 cm 375 mm 

1 :2 .50 m 50 cm .4 cm 750 mm 

1 :5 1.25 m 20 cm 1.0 cm 375 mm 

1: 10 2.50 m 10 cm 2.0 cm 750 mm 

1: 10 2.50 m 10 cm 2.0 cm 375 mm 

1 :20 5.00 m 5 cm 4.0 cm 750 mm 

1 :25 6.25 m 4cm 5.0 cm 375 mm 

1 :50 12.5 m 2 cm 10.0 cm 750 mm 

Table VI Gage Scale, Eng/ish 

ENG. WATER LEVEL PEN CHG. VALUE OF FLOAT 
GAGE CHANGE,ONE PER FOOT MINOR PULLEY 
SCALE TRAVERSE OF OF WATER DIVISION SIZE 

CHART 

10:12 1 ft. 10 in. .01 ft. 18 in. 

5: 12 2 ft. 5 in. .02 ft. 36 in. 

1 :6 5 ft. 2 in. .05 ft. 18 in. 

1: 12 10 ft. 1 in. . 1 ft. 36 in. 

1: 12 10 ft. 1 in. . 1 ft. 18 in. 

1 :24 20 ft. .5 in. . 2 ft. 36 in . 

1 :30 25 ft. . 4 in. .25 ft . 18 in. 

1 :60 50 ft. . 2 in. .5 ft . 36 in. 

6 
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2 lnstallation 
2. 1 Unpacking 

Remove all shipping tie-downs, packing 
pieces, etc. Several parts and 
accessories are individually wrapped. 
Check the Sales Order to insure that all 
items are accounted for befare disposing 
of the packing materials. 

2.2 Equipment and tools required 

The following equipment and tools are 
usually required for proper installation of 
the Type A Recorder: 

Float, float pufley, counterweight, 
float line or tape, and a set of end 
hooks. 

Guide pulley (if required) and 
mounting hardware. 

Necessary mounting hardware and 
tools (screw drivers, screws, drill, 
combination pliers, etc.) as required. 

2.3 Mounting 

The surface on which the recorder is to 
be mounted should be reasonably level. 
The recorder's feet are adjustable to 
compensate for minor variations. The 
recorder can be positioned so that the 
input pulley will hang over the edge of 
the surface, or holes can be drilled in the 
surface to allow for the float line or tape 
to pass through. Because the carriage 
reverses at each margin, the float pufley 
can rotate in either direction for rising 
water levels; thus the float can hang off 
of either side of the pulley. Position the 
recorder in its approximate final position. 
Final positioning and securing will be 
done after float and counterweight 
clearance is checked. I f the recorder 
clock is weight driven, a hole for the 
clock weight cable can also be drilled at 
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this time. 

lnstall the float pulley on the recorder 
input shaft. lnstall the cupped washer 
with the recessed side toward the 
pulley. Thread the damping disk on to 
the pulley shaft. Thread the hex nut 
onto the shaft, and tighten it against the 
pulley clamp. loosely tighten the right-
and left-hand screws down onto the 
washer, damping the pulley in place. 

Attach the float line or tape to the two 
adjustable end hooks. Adjust the length 
so the counterweight does not touch 
bottom when the float is at its highest 
point. Also verify that the length is 
great enough so the counterweight does 
not run into the support shelf when the 
float is at its lowest position. 

A guide pulley can be used to raute the 
float line or tape for a vertical drap 
different than just straight off the float 
pulley. It is normally mounted on the 
underside of the shelf, and used to shift 
the counterweight drap. This is typically 
done to raute the counterweight out, so 
it does not hit a large diameter float, or 
in closer, for small diameter stilling 
wells. 

lf necessary, extra float line or tape 
may be removed. Tape may be broken 
by sharply bending it. Beaded float line 
should be cut 6mm (1 /4 in.) beyond a 
bead to reduce raveling. Unbeaded 
cable should be heated until red hot at 
the desired point for annealing, and then 
cut. 

Attach the float and counterweight to 
opposite ends of the float line or tape 
using the end hooks. Lower the float 
into the well. Pass the float line or tape 
over the float pulley, engaging the beads 
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2 lnstallation 
or perforations into their proper position 
on the pulley. Lower the counterweight 
down the opposite side. 

Check the final position of the recorder 
to be sure the float and counterweight 
can mo ve up and down freely, without 
interference from the side of the well or 
any protuberances. Secure the recorder 
to the mounting surface with screws, 
using the holes in the recorder feet. 

2.4 lnstalling the Chart 

Remove the writing plate between the 
chart drive and the take-up cylinder. 
Remove the supply cylinder from the 
recorder, and remove the large knurled 
washer-nut from the end. Observe that 
the core of the new chart is flush at one 
end and protrudes at the other. Slip the 
chart onto the supply cylinder, flush end 
toward the flange, and tighten the 
knurled washer-nut firmly in place. 
Place the supply cylinder in its bearings, 
with the flange to the lett. 

Note the knurled, cone-shaped knob on 
the right side of the recorder. This is the 
friction roller engaging knob. Pull the 
friction roller engaging knob out to the 
right, and rotate it to free the chart drive 
friction rollers. Rotation in ane direction 
will lift the rollers slightly for chart 
adjustment. Rotation in the other 
direction will lift the rollers higher for 
chart installation. 

Crease the paper about 20mm (3/4 in.) 
from the end so it stands out radially 
from the supply roll. Thread the creased 
edge between the chart drive cylinder 
and the friction rollers. Replace the 
writing plate and pull the chart up and 
over the drive cylinder and the writing 
plate. 
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Remove the chart clamp from the 
take-up cylinder. Pull the chart until it is 
about 25mm ( 1 in.) beyond the take-up 
cylinder with the lett edge against and 
square with the cylinder's flange. Wrap 
the chart around the take-up cylinder 
and install the chart clamp. To insure 
that the chart will run true, hold the 
chart supply cylinder shaft in place while 
rotating the knurled flange of the take-up 
cylinder away from you. The chart 
paper will slip between the take-up 
cylinder and the chart clamp. Turn the 
knurled flange until the chart paper has 
slipped approximately 3 minor divisions. 
Now, while lightly restraining the supply 
cylinder to keep the paper taut, rotate 
the take-up cylinder's knurled flange 
until there is ane wrap of chart on the 
cylinder. Continue to rotate the take-up 
cylinder until the pen position is at the 
chart time line corresponding to when 
you will start the clock. 

Push the friction roller engaging knob 
to the lett to engage the friction rollers 
into their drive position. 

2.5 Removing the Chart 

Pull the friction roller engaging knob 
out to the right, and rotate it to free the 
chart drive friction rollers. Run the chart 
forward by turning the knurled flange on 
the take-up cylinder, until the graphic 
record is just beyond the edge of the 
writing plate. Using the edge of the 
writing plate as a guide, cut the chart 
with a knife. Lift the take-up cylinder 
out of the instrument and slip off the 
chart. Pull or shake the chart clamp out 
of the chart roll. Re-attach the 
remaining chart, or install a new chart as 
described in section 2.4, above. Both 
the A-10 (English) and A-25 (Metric) 
charts have a diagonal blue line marked 



2 lnstallation 
at the end of the chart fastened to the 
core. When this line appears during use, 
the remaining days of supply can be 
calculated. On the A-10 chart, co unt 
the number of small divisions (0.1 in} 
between the lett margin and the blue 
line. Similarly, on the A-25 chart, count 
the number of centimeter divisions 
between the lett margin and the blue 
line. The number of days of chart 
remaining is equal to the number of 
divisions counted, times a multiplier from 
the following table: 

Table VII Chart Remainder Multipliers 

Time Scale A-10 A-25 
Chart Chart 

3.0 cm/day 2 8 
(1 .2 in/day) 

6. 1 cm/day 1 4 
(2 .4 in/day) 

12.2 cm/day 0.5 2 
(4.8 in/day) 

18.3 cm/day 0.33 1.33 
(7 .2 in/day) 

24.4 cm/day 0.25 1 
(9.6 in/day) 

2.6 Positioning the Pen 

Turn the float pulley shaft to raise the 
flo;:it 3 short distance. Check that the 
pen is moving in the desired direction. lf 
it does not, disengage the float line or 
tape from the pulley, and rotate the 
pulley until the pen is maving in the 
desired diu:ction. Then re enq;1ge the 
flo at line or tape. 

: J 

Loosen the right-and lett-hand threaded 
pulley clamp screws. Move the pen 
carriage until the pen indicates the 
correct water level, or head (do not go 
through a reversal). This should be 
determined from a staff gage water leve! 
reading, or by use of a contact meter to 
determine well depth at the time of 
installation. Retighten the float pulley 
clamp screws and re-check that nothing 
has slipped during tightening. Because 
this sets the starting point for the 
instrument, any error would effect the 
complete recording. 

It is good practice to write on the chart 
the location, date, time scale and any 
other pertinent data. These notations 
become invaluable later when it comes 
time to "read" the chart record. 
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3 Operation 
Your recorder is now properly set up, 

and recording can begin. All that is 
needed is to start the clock and, if 
appropriate, set the desired chart speed. 
Ouartz Multispeed Timer-drive units have 
switch selectable chart speeds. Spring-, 
weight- and AC-drive units determine 
chart speed by gearing, which was 
installed at the factory when you 
ordered your recorder. This speed can 
only be changed by changing the gear 
pair. Refer to Tables 2 & 4 for various 
gear ratios and chart speeds. 

3 .1 Ouartz Multispeed Timer 
Drive (QMT) 

The Ouartz Multispeed Timer unit 
(OMT) is designed to operate from 6 
alkaline "O" cell batteries, which were 
included with the recorder when 
shipped. To install the batteries, first be 
sure the timer switch is set to the "OFF" 
position. Remove the QMT cover by 
sliding the latching plate on the front 
cover to the right. Check that the 
battery contacts are clean. 

Observing the polarity markings in the 
case (see guide, Figure 5) place the six 
batteries in the main body of the timer. 
Note the batteries should alternate 
polarity direction. Replace the QMT 
cover and re-latch. 

NOTE: BE SURE THAT THE 
BA TTERIES ARE INSTALLED PROPERL Y 
(AL TERNATING POLARITY). IFALL 
BA TTERIES ARE REVERSED, THE TIMER 
WILL NOT RUN. HOWEVER, IF ONLY 
ONE BA TTERY IS REVERSEO, THE 
TIMER WILL RUN, SUT OVERALL 
BA TTERY LIFE WILL BE GREATLY 
REDUCED. 

Turn the speed sclect switch to the 

72 

10 

fastest chart speed. At this speed, the 
timer motor will be pulsed approximately 
once a second. By listening closely, you 
should be able to hear a short, "clicking" 
sound each time the motor is pulsed. lf 
you hear this sound, the clock is 
operating properly. Set the timer to the 
desired chart speed to begin recording. 

It desired, the QMT can be powered 
from an external source, such as a 
lead-acid battery or AC power converter. 
Any power source supplying 8 to 14 
VDC with a peak current capability of 
300 mA can be used to power the timer. 

NOTE: THE TIMER SHOULD NEVER 
BE CONNECTED TO AN EXTERNAL 
POWER SOURCE WHILE 
SIMUL TANEOUSL Y USING INTERNAL 
BATTERIES. 

Remove the QMT cover by sliding the 
latching plate on the front cover to the 
right and remove all batteries. Refering 
to Figure 6, remove the knock-out from 
the main body, using a small screwdriver 
or awl. Select an appropriate 2-wire 
cable (or two individual wires) for the 
power connection. Note: the wires 
should NOT be connected to a power 
source while doing this installatior.. 
Prepare the cable end for connection to 
the QMT by stripping back each wire 
about 6mm (1/4 in.). Thread the cable 
through the knock-out as shown in 
Figure 6. Loosen terminal connection 1 
and 4 on the OMT terminal strip. lnsert 
the negative (-) wire into terminal 1 and 
the positive ( +) wire into terminal 4. 
The existing wires need not be re mo ved. 
Tighten the terminal screws back down. 



3 Operation 

Figure 5. Ouartz Timer, Battery Loading 

KNOCK-OUT 
FOR EXTEANAL 
POWERWIRES 

- I MOlDR (REF) 

CABLE TIE 

6-PLACE BAARIER STRIP 
ON P.C. BOARD 

FOR STRAIN-REUEF 

Figurc 6. Ouartz Timer, External Power Conncctions 

1 1 
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3 Operation 

It the external power source is to be 
located outside the Type A Recorder, 
remove the 6mm (1 /4 in.) hole plug and 
run the cable through the recorder base 
to the external source. 

NOTE: A 1 AMP, IN-LINE FUSE IS 
RECOMMENDED FOR SAFETY AND 
CIRCUIT PROTECTION WHEN 
POWERING THE TIMER EXTERNALL Y. 

Connect the cable to the external 
source, with the wire coming from QMT 
terminal 1 connected to the negative {-) 
terminal of the source. Similarly, 
connect the wire from OMT terminal 4 
to the positive ( +) terminal of the 
source. 

Replace the cover on the QMT. Set 
the timer to the fastest chart speed and 
listen for the "clicking" as described 
previously. It operating properly, set the 
timer to the desired chart speed to begin 
recording. 

3.2 Negator Spring Drive 

Negator spring-drive units make use of 
a mechanical Chelsea clock movement 
to control chart advancement. Chart 
speed is determined by gearing. A large, 
flat spring wound between two drums 
provides the force to run the clock. The 
spring is wound by a removeable crank 
handle, winding in a counterclockwise 
direction. 

Screw the crank counterclockwise into 
the end of the winding shaft (left hand 
thread). Push the winding shaft in until 
the crank gears engage. Wind until the 
STOP-STOP sticker appears on the 
spring (a minimum of ane wrap must 
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remain on the smaller drum). When 
winding, the safety pawl to the left of 
the clock maves up and down. Stop 
winding when the pawl is released, and 
the winding shaft gear should spring out 
of engagement. Check the clock's 
escapement window to be sure the clock 
is running. The safety pawl's interlock 
should now be in the vertical position. 
This allows the cover to be fully closed. 
Conversely, the interlock prevents the 
operator from winding the spring and 
Glosing the cover with the winding gear 
still engaged {clock would not run or 
would soon stop). 

3.3 Weight Drive 

Weight drive operation is similar to that 
of the Negator Spring Drive, in that a 
mechanical Chelsea clock is also used. A 
weight is used to provide force to 
operate the clock instead of the spring. 

Attach the weight to the clock weight 
cable. Wind the clock weight cable 
using the crank handle, in the same 
fashion as described for the Negator 
Spring. Verify clock operation as 
described above. 

3.4 AC Synchronous Drive 

AC Synchronous motor drive units 
require only to· be connected to the 
appropriate AC power source. Verify 
that the operating voltage and line 
frequency agree with that specified on 
the Sales Order. It is recommended that 
the power be provided through a low 
amperage { 1-5 Amp) circuit breaker or 
fuse for safety. 

3.5 The Pen 

Two types of pens are available for the 



3 Operation 
Type A Recorder. One is a simple, 
disposable cartridge pen, which uses a 
felt tip. The other is a refillable capillary 
pen, using a Lucite reservoir, silver 
capillary tube and stainless pen tip. The 
disposable pen uses an adapting arm to 
mount between the adjustable arm's 
pivot screws. Pens can be interchanged 
if the disposable pen's adapting arm 
(pen holder) is interchanged at the same 
time. A stylus arm is also available for 
mounting a pencil. Always be careful 
not to tighten the pivot screws too tight 
so as to bind the stylus arm. 

The disposable cartridge pen clips into 
the pen holder on the stylus arm. It is 
protected by a plastic cover over the pen 
tip. Place the pen in the clip, making 
sure it locks firmly into place. Check for 
proper pen position with reference to 
time and stage leve I. Then re mo ve the 
cover from the tip to begin recording. 

The capillary pen reservoir needs to be 
filled with ink and then the pen primed. 
Fill the reservoir using the ink supplied in 
the plastic bodle. This ink is specially 
formulated for proper inking over a 
variety of temperature and humidity 
extremes. Fill the reservoir to within 
approximately 2 mm ( 1 /16 in.) of the 
top of the barrel. To prime the pen, 
el ose the air hole with one finger. With 
a second finger, press repeatedly on the 
tilling tube to create a pumping action, 
until ink appears on the chart. The ink 
bottle can also be used to prime the pen. 
Fill the reservoir approximately 2/3 full. 
Press the nozzle of the plastic bottle 
firmly against the fill tube, and cover the 
air hole with your finger. Gently 
squeeze the plastic battle until ink 
appears on the chart. Complete tilling 
the reservoir. 
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The stylus can be adjusted to insure 
that reversals occur at the margin of the 
chart. Loosen the adjusting arm clamp 
screw. Reposition the arm and tighten 
the clamp screw. It is best to align the 
stylus for reversal on the left margin line, 
as chart expansion due to humidity 
changes will occur at the right side (the 
left edge of the chart is against the 
flange on the take-up and supply 
cylinders). 

3. 6 Gage Sea les 

Gage scales may be reconfigured by 
changing either the float pulley size or 
the float pulley standard, or both (see 
Ta ble 5 & 6). Standard pulleys are 
either 375 mm (metric) or 18 inches 
(English) in circumference. These can be 
doubled by the addition of a pulley ring, 
thereby doubling the amount of stage 
change for ane traverse of the pen 
across the chart. 

Several gage standards are also 
available. The most common is a direct 
drive standard, which provides a 
moderate stage range of 1.25 meters (5 
ft.) of stage recording for each traverse 
of the pen. Gearing of the gage 
standard makes it possible to make the 
recorder more sensitive (.25 meter or 1 
ft. per pen traversel for greater 
resolution, or less sensitive ( 6. 25 meters 
or 25 ft. per pen traverse) for greater 
range. Standards can be easily 
interchanged in the field for varying 
conditions. However, accurate 
information needs to be recorded on the 
chart indicating which gage scale was 
used during a particular recording cycle. 
Otherwise, data will be confusing and 
possibly misinterpretted. 
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4 Accessories 
4.1 Reversal lndicator 

A reversal indicator can be used to 
eliminate possible confusion in 
interpreting graphs with reversals at the 
margin. This indicator makes a 
continuous pen line in the right margin 
of the chart. When the stylus reversal 
occurs (stage is still changing in the 
same direction), a jog is generated in the 
line to distinguish this reversal from a 
stage change reversal. Short jogs are 
made when the sprocket rotates 
clockwise; long jogs are made when the 
sprocket rotates counterclockwise. 

The reversal indicator can be purchased 
as a field installable option. It mounts 
on the right standard just to the rear of 
the styl us carriage tracks (see Fig ure 7). 
It is positioned by a pin and held in place 
by a screw and nut. Relative lengths of 
the jogs can be adjusted by loosening 
the lower set screw on the tripper arm 
hub and rotating the hub slightly. The 
chain must have three operating pins, 
one for the stylus carriage and two on 
the dpposite side of the chain for the 
reversal indicator. 

4.2 Time Marker 

The time marker is an auxilliary pen 
marking the teft margin of the chart that 
makes a jog at certain elapsed time 
intervals. The action is controlled by the 
clock so that jogs correspond to clock 
time and not to chart time divisions. 
These jogs serve as a basis for applying 
time scale corrections to the graph for 
possible timing errors due to humidity 
effects on the paper or other factors. 
Under normal conditions, the jogs are at 
6cm (2.4 in.) intervals. An adjustable 
actuator allows for initial synchronization 
of the jogs with a major chart division. 
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The time marker can be purchased as a 
field installable option (see Figure 8). It 
mounts on the front of the left writing 
plate standard and is held by one screw 
and positioned bya pin. The actuator 
ring fits over the hub of the idler gear 
with the slanted portion of the actuating 
tab on the side toward the chart. 

Figure 7. Reversal lndicator 

Figure 8. Time Marker 



5 Maintenance 
5. 1 Ca re of cio eks 

5.1.1 Quartz Clocks. 

Stevens Ouartz Multispeed Timers are 
designed for reliable operation for very 
litt le maintenance required. Batteries 
should be replaced on a regular basis 
(typically every time the chart is 
changed). Battery contacts should be 
kept clean. No oil or other lubricant 
should be used on any of the clock's 
maving parts. 

5.1.2 Spring and Weight Driven 
Clocks. 

Spring and weight driven clocks should 
be serviced by someone thoroughly 
familiar with mechanical clock 
movement maintenance. Cleaning and 
oiling are critical for maintaining proper 
operation, and over-oiling can cause 
problems, particularly where high levels 
of dust are present. Leupold and 
Stevens maintains a clock repair 
department at the facto ry, and clock 
servicing is given a high priority. lf you 
do not have qualified technicians, it is 
recommended that any clock 
maintenance be done at the facto ry. 

To remove the clock, screw the crank 
handle into position, push the winding 
shaft in and wind until the safety pawl 
to the lett of the clock cover drops 
down. This locks the shaft and spring 
drum, preventing a hazardous spring 
unwind. Remove the large, knurled 
screw which secures the clock to the 
recorder base. Lift out the clock, being 
Cdreful not to disturb the safety pavvl. 

CAUTION: DO NOT ATTEMPT TO 
TURN THE CRANK WHEN THE CLOCK 

1 5 

IS REMOVED. THE SAFETY PAWL MAY 
DISENGAGE AND CAUSE A 
HAZARDOUS SPRING UNWIND. DO 
NOT REM OVE THE MET AL SAFETY 
STRAP OVER THE SPRING. 

It it is necessary to unwind the spring, 
extreme care should be observed. 
Remove the chart from the take-up 
cylinder. Re mo ve the writing plate and 
chart supply cylinder. Grasp the chart 
drive cylinder firmly with the right right. 
Rotate the cylinder toward you slightly 
to relieve the tension on the safety pawl. 
Hold the cylinder firmly white releasing 
the safety pawl with your lett hand. 
The crankshaft gear will spring out of 
engagement. Allow the spring to 
unwind slowly, using your hand on the 
chart drive cylinder as a brake. 

To remount the clock, slip the clock 
base over the stud located on the 
recorder base. Turn the recorders time 
gear until the pins line up with the clock 
drive bar slots. lnstall the large knurled 
clock screw. Follow the clock setting 
procedure in Section 3. 2. 

Minor speed adjustments can be made 
to the clock. Such adjustments should 
be made with care, since the adjustment 
is very sensitive. Remove the clock 
cover to expose the time regulating 
knurled nut. The cover cannot be 
removed unless the safety pawl has 
dropped down. Note the "F" and "S" 
markings for "fast" and "slow". 
Rotating the knurled nut 1 /4 turn in the 
"S" direction will slow the clock 
approximately 1 min ute per day. Such 
adjustments vary from clock to clock, 
and should be made and then verified by 
observing recorder operation over a 
substc:intial period of time. Then, minor 
corrections can be m<ide. 
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5 Maintenance 
5.2 Lubrication 

The Type A Recorder is designed for 
lang term operation with minimal 
maintenance. Oil or other lubricants 
should NOT be used on any of the 
recorders mechanical parts. Sealed ball 
bearings and precision engineered plastic 
bearings do not require lubrication. 
Oiling can cause unwanted dust to 
collect. 

5.3 Spare Parts 

Spare parts can be ordered from the 
facto ry. Be sure to include the recorder 
serial number with any order for parts. 
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